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Abstract: This study was based on the characterization of the coastal sediment from the river of Vardar, right
before the confluence with the Treska river. The mineralogical composition of the river sediment was determined by
X-ray analysis. The granulometric distribution of the grains from the river sediment was determined as a basic
parameter that has an impact on its physical properties. A microscopic observation on various dimensional fractions of
the grains were performed. The porosity and capillary system of the river sediment in correlation with the structure was
defined. The transfer of moisture horizontally and vertically from the water line was examined. Therefore, the heat
transfer was monitored by measuring the temperature at various depths (0, 5, 10 and 15 cm) and various distances (1,
1.5 and 2 m) from the river water line. The properties of the river sediment are affected by the deposited minerals and
organic material from the river basin, as well as horizontal and vertical transfer of moisture and heat.
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KAPAKTEPU3AIINJA HA KPAJBPEXKHUOT CEAUMEHT O/l PEKATA BAPJIAP,
IIPEJ BIMBOT HA PEKATA TPECKA

A ncrtpaxkT OBaa ctyauja ce 6a3upa Ha KapakTepu3anuja Ha KpajOpexkHHOT CeIMMEHT oJ] pekata Bapnap,
IpeJt BIUBOT Ha pekata Tpecka. MUHEPaIOMIKKOT COCTAB HA PEYHHUOT CEMMEHT Oellle Ope/iesieH CO PeHATeHO-CTPYK-
TypHa aHanu3a. [ paHyJIoMeTpHcKaTa qUCTpUOYIIHja Ha 3pHATa O/ PEYHHOT CEANMEHT Oenie euHupaHa Kako OCHOBEH
mapaMerap Koj MMa BIlijaHue Ha Heroute (usmdku ocoOunu. bere HarpaBeH MUKPOCKOTICKH TIPETiie]] Ha Pa3InIHUTEe
JMMEH3MOHH (pakiuu Ha 3pHa. bea 06jacHeTH MOPO3HOCTA M KAIMIIAPHUOT CHCTEM HAa PEYHHOT CEANMEHT BO KOpeJia-
1Mja co CTpyKTypara. berire ucnuran tpaHchepoT Ha Barara, XOpU30HTAIHO U BEPTUKAIIHO OJ] peyHaTa JuHHja. [Ipeky
Mepeme Ha TemIieparypara Ha pasinusa jiabounna (0, 5, 10 u 15 ¢cm) u pasnuuno pacrojanue (1, 1.5 u 2 m) ox
peuHaTa uHMja Oelre MOHUTOPHUpPaH U TpaHcdepoT Ha TorutHa. OCOOMHUTE HAa PEYHHUOT CEUMEHT 3aBUCAT O] JIeTIO-
HHUPaHUTE MUHEPAIH M OPTaHCKa MaTepHja o/l pEYHNUOT 0aceH, Kako M OJ] XOPH30HTAITHUOT U BEPTHUKAIHHOT TpaHchep
Ha BJIara v TOIUINHA.

Kayunu 36opoBu: Bapnap; peueH ceMMeHT; KapakTepu3anuja; TeMiepaTypa, Biara

1. INTRODUCTION

The coastal river sediments are mainly con-
tained of mineral grains. The mineral grains were
formed by the physical and chemical weathering of
the rocks. The grains have different mineral compo-
sition, and thus a various specific mass which is cru-
cial for the formation of the river sediment. Also,
grains vary in size and shape, from large boulder
stones to colloidal-sized segments, rounded to

angular-shaped. The dominant grains in the river
sediments are quartz and clay, depending on the
mineralogical composition of the terrain [1-3]. Exa-
mination of the sediment provides a data on the se-
diment origin, composition, structure and properties
[4, 5].

The coastal river sediments are important in
the water resources management [6, 7]. The Repub-
lic of North Macedonia is zoned in four river basins:
Vardar, Strumica, Crn Drim and Juzna Morava. The
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watershed regions of the river basins are presented
and examined by Jovanovski [8], through his hydro-
geological survey of the groundwater in Macedonia.
Additionally, geology and diverse geological for-
mations in the Republic of North Macedonia, de-
fined in previous studies, have resulted in a complex
geological database [9-15].

Taking all into consideration, it led to the idea
of delivering a comprehensive review of the mineral
coastal sediment from the river Vardar through the
analysis of sediment near the basin of the river
Treska. Near the course of the river Vardar, a few
kilometers above the defined sample points, there is
a travertine mine — Svilare [16], as well as few kil-
ometers above it, a chromium and iron mine — Ra-
dusa [17] is located. Some of the identified minerals
in the river sediment are expected to originate from
there

1 Maps 59

(a) Geographical map

2. MATERIALS AND METHODS

The Vardar River basin is the largest water-
shed in the Republic of North Macedonia. It is link-
ed with a several smaller sub-watersheds of the ri-
vers: Treska, Crna, Pc¢snja, and Bregalnica. The
surface waters from the northwest massif arrive
from the elevated zones of Shar Mountain. They
overflow and deposit a large quantity of the river
sediment [18]. The examination area of this study is
located near (before) the confluence with the river
Treska into Vardar (Figure 1).

Therefore, two sample points are defined, na-
med as sample point | and sample point Il (Figures
2 and 3). Sediment samples for analysis were collec-
ted at various distances of 1, 1.5 and 2 m (properly
named as 1, 2 and 3) from the river water line.

(b) Satellite map

Fig. 1. Location of the examination area

N\
2”7

Fig. 2. Sample point |
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Fig. 3. Sample point I

Mineralogical composition of the river sedi-
ment was defined on DRON X-ray diffractometer
(26 = 2 —60°; UA = 38 kV; IA = 18 mA; 1°min;
CuKa/Ni). The wet sieve analysis was used to deter-
mine the granulometric composition of the river
sediment and was performed on a set of standard
sieves with a perforation size of 0.125 mm, 0.100
mm, 0.071 mm, 0.050 mm, and 0.032 mm. Various
dimensional fractions of grains were observed on an
optical microscope type SN-POL, Leitz-Wetzlar
[19, 20].

Also, the temperature and moisture of the river
sediment were measured at various distance from

the river water line (1, 1.5 and 2 m), and at various
depths (0, 5, 10 and 15 cm). The temperature of the
sediment was measured on a thermometer type
TECPEL DTM-3102, and the moisture was mea-
sured on a moisture meter type PMS-714.

3. RESULTS AND DISCUSSION

The X-ray analysis identifies the minerals pre-
sent in the river sediment. XRD on Figure 4 indi-
cates the dominant content of quartz, calcite and
albite. Muscovite and clinochlore exist in a smaller
quantity.

Q- quartz
o} C - calcite
A - albite
M - muscovite
CCl - clinochlore
A
a
Al ©
ccl A
e M M ccl ccl a ca a a ca a Q
AA ’ ccl M '
10 15 20 25 30 35 40 45 50 55 G0
28

Fig. 4. XRD of the coarse fraction of grains (+0.125 mm)
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The chemical composition of the coarse frac-
tion of grains (+0.125 mm) was determined by sili-
cate chemical analysis. The results are presented in
Table 1.

Table 1

Chemical composition of the coarse fraction
of grains (+0.125 mm), (mass %)

SiO2 76.32
Al203 8.04
Fe203 2.18
CaO 3.16
MgO 0.43
Na20 1.95
K20 124
SO4 tr.

L.w 6.03
z 99.35

The sum of the chemical analysis is 99.35%,
while the remaining 0.65% are admixtures.

The granulometric composition of the river
sediment was determined by wet sieve analysis
(Table 2). In all samples collected for analysis, the
dominant dimensional fraction of grains with over

mass 20 ]
(%) 18 -
16 -
14 -
12 -

S N B OO ©®
I 1 1 1 1

-0.125 +0.100 -0.100 +0.071

-0.071 +0.050

60% of mass content is the coarse fraction (+0.125
mm).

Table 2
Granulometric composition of the river sediment,
(mass %)

Dimensional

fraction of 1.1 1.2 1.3 1.1 11.2 1.3
grains (mm)

+0.125 mm 78.46 78.78 60.66 84.98 81.97 83.45
-0.125

+0.100 mm 338 3.12 287 260 266 230
-0.100

+0.071 mm 859 6.90 1956 4.17 6.16 3.89
-0.071

+0.050 mm 490 412 494 350 445 4.05
~0.050

+0.032 mm 167 396 677 172 175 277

—0.032 mm 3.01 312 521 305 302 3.55

z 100.00 100.00 100.00 100.00 100.00 100.00

The finer fractions have a minimal content and
are almost equally represented in all examined
samples (Figure 5), with a slight deviation in the
sample 1.3 (collected from sample point | at distance
2 m from the river water line), where an increased
content of 19.56% of the fraction (0.1 + 0.071 mm)
can be noticed.

11
1.2
1.3
.1
.2
.3

B B 0B OO

-0.050 +0.032 -0.032
dimensiona fraction of grains (mm)

Fig. 5. Histogram of mass content of the finer fractions of grains

This granulometric distribution indicates the
dominance of the capillary network among the
coarse grains. There are finer grains in the inter-
stices that create smaller capillaries. The existence
of capillaries of various sizes reflects on the heat
transfer and moisture retention of the river
sediment.

Quartz, calcite and feldspars are dominant in
the coarse fraction of grains (+0.125 mm) from wet
sieve classification. Clay and other minerals as
admixtures are present. Due to the clay, the grains
form light-brown coloured aggregates with irregular
shapes (Figure 6).
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Fig. 6. Microscope image of fraction of grains (+0.125 mm)

They were treated with HCI acid (10%) and
had an intensive reaction. It can be observed that the
creamy-white quartz grains are dominant. The
grains are angular shaped as if they had not been
transported. Feldspar grains and metallic-black
mineral grains (probably Fe-Mn oxides) are also
present in minimal quantities. These grains are
irregular, with elongated angular shapes. Muscovite
is a minor admixture. The slightly-greenish grains
of chlorites (clinochlore) with irregular shapes are
as well rare (Figure 7).

Fig. 7. Microscope image of fraction of grains (+0.125 mm)
after treatment with HCI acid (10%)

Observing the fine fraction it can be confirmed
that it has a similar mineralogical composition.
Dimensional fraction of grains (-0.050 +0.032 mm)
is presented on Figure 8. However, here, the indi-
vidual mineral grains are not marked, due to their
small size.

The content of carbonates in the river sediment
was examined, as a segment of chemical analysis.
It was determined in all fractions separately, as well
as in the integral sample collected from both sample
points. From the histogram on Figure 9, a gradual

Maw. unoc. nayu. cnuc. 40 (1) 43-51 (2022)

increase of the carbonates (calcite) content in the
fine fractions was noticed. The phenomenon is
natural and it is a consequence of the lower hardness
of the calcite compared to the quartz. During the
river transport there is a mutual friction, therefore,
the softer mineral is transformed into the fine
fractions of smaller dimensions. The insignificant
reduction of the calcite content in the finest fractions
is relative, due to the presence of clay which has fine
dimensions by origin.

Fig. 8. Microscope image of fraction of grains
(~0.050 +0.032 mm)

The content of organic matter in the river
sediments was also determined, by heating the sedi-
ment samples at temperature of 600°C (Table 3).
The data vary in a small range from 1.21% to
1.82%. The variations are mainly due to two
reasons: disproportionate distribution of the grains
in various zones of the river sediment (clay grains
are the dominant carriers of organic matter, which
dominantly exist in certain zones), as well as the
moisture content (which is carrier of dissolved
organic matter that remains in the river sediment
after drying).

Table 3
Content organic matter in the river sediment,
(mass %)
Sample point Organic mater
1.1 1.39
1.2 1.21
1.3 1.82
1.1 1.6
1.2 1.21
1.3 1.41




48 T. Siskova, A. Cankulovska, G. Ruseska, B. Boskovski, S. Bogoevski

mass (%) 30 1
25 1

20 A

15 | 14,65

27,02

24,50
20,70
13!04 I

10 4 8,5

6
] .
0

Integral sample +0.125 -0.125 +0.100

-0,100 +0,071 -0,071 +0,050 -0,050 +0,032 -0,032

dimensional fraction of grains (mm)

Fig. 9. Histogram of the carbonates content, mass (%)

The surface temperature of the river sediment
mainly depends on sunlight exposure (Figures 10
and 11). Deeper in the river sediment the tempera-
ture is approximately constant due to the kinetics of
penetration of the atmospheric temperature. There
is some deviation at 1.2 where the lowest tempe-
rature was measured since it was covered in shade.

The moisture increases deeper into the river
sediment (Figures 12 and 13), as a consequence of
the terrain and the influence of the root system of
the nearby plants. An additional factor that has an
impact is the exposure of sunlight, or if the measure
point is in the shade.

22
——— Atmospheric

G temperature
< 20 1 —1
E
B 1.2
2 18 4
§
fid —1.3

14 . .

V] 5 10 15
Depth (cm)
Fig. 10. Temperature of the river sediment at sample point |
22
— Atmospheric
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< 204 — K|
5
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Fig. 11. Temperature of the river sediment at sample point |1
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Fig. 12. Moisture of the river sediment at sample point |
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Fig. 13. Moisture of the river sediment at sample point 1l

The deviation of the moisture values at depth
of 15 cm is probably affected by the zonal inhomo-
geneity of the sediment. The two dominant differ-
ently colored layers are visible, which has various
water affinity (Figure 14). There is a minimal devi-
ation of the moisture values at sample point I, as a
consequence of different physical and chemical
properties of the sediment layers.

Fig 14. Zonal |n0moeneit f the river sediment — layers
in different colors
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The measured temperature and moisture of the
river sediment are influenced by several factors:
mineralogical composition, granulometric distribu-
tion of the grains, level of the river water line, dis-
tance from the water line, depths of the sediment
layer, day-night temperature oscillations etc. The
noticed phenomena occur on intermediate boundary
of water-air-soil (river sediment). The presented
data on Figure 15 are based on the water line. At
minimal distance from the water line, certain tem-
perature deviations were noticed in the river sedi-
ment (lower values were measured), under the in-
fluence of the lower values of the atmospheric tem-
perature at night. Therefore, under the influence of
the higher values of the atmospheric temperature
during the day, an increased temperatures of the
river sediment were measured as a consequence of
the heat transfer.

The heat transfer is more intense vertically in
the sediment (through the boundary with atmos-
pheric air) than horizontally (river water penetrates
through the pores and capillaries of the sediment).
At longer distances from the river water line, hori-
zontally the temperature of the sediment equals the
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temperature of the water, which is constant all day-
night cycle. At depth of 20 cm from the surface (and
at the level of the water line) the atmospheric tem-
perature is no longer affected, i.e. there is a constant
temperature in the river sediment. Indeed, at more
intense temperature changes in the atmosphere (ex-
tremely high temperatures in summer or extremely
low temperatures in winter), the distance from the
surface with a constant day-night temperature in the

sediment would deviate. The heat transfer through
the sediment is carried by two media: the mineral
grains and the water circulating through the capil-
lary system. The values for the measured moisture
of the river sediment indicates inhomogeneous dis-
tribution, i.e., deviations at various distances from
the river water line and at various depths in the sed-
iment.

11 - 22
- - 20
o /—\ ~. =—Water line temperature
® =
210 | - 18~  ——Water temperature
T g
g / L 16 2 Atmospheric temperature
=3 2
£ £ ——Moisture
=9 14

/ b
8 10

10cm 15cm

20cm

Distance fromthe surfaceto the waterline level

Fig. 15. Temperature and moisture of the sediment in correlation with atmospheric temperature, distance from river water line
and depths of sediment layer

This phenomenon can be explicitly explained
by the data from the granulometric analysis, where
the dimensions and the ratio of mineral grains in the
sediment are defined. The dimensions of the grains
define the capillary characteristics; therefore, it is
logically that homogeneous sedimented medium
(sedimentation under laminar conditions) has a de-
fined regularity of moisture distribution. In this
case, the sedimentation was performed under turbu-
lent conditions, caused by the various regimes of the
river flow. Therefore, the mineral grains were not
always evenly sedimented, creating zones with dif-
ferent granulometric characteristics.

This phenomenon was observed on the vertical
profile of the sediment (Figure 14), where two une-
venly distributed horizontally zones of different
color exist.

4. CONCLUSION

This study defines characteristics of the coastal
river sediment from the Vardar river, near the con-
fluence with the river of Treska. The sediment
samples for analysis were collected from two

sample points at various distances of 1, 1.5and 2 m
from the river water line.

X-ray analysis detected quartz, calcite, and al-
bite. Muscovite and clinochlore are admixtures. The
coarse fraction (+0.125 mm) and the fine fraction
(-0.125 mm) have a similar composition with mini-
mal deviation of the ratio of the minerals. Micro-
scopic observation confirms the identified minerals
on the XRD. Relatively sharp edges and irregular
shape on the mineral grains, suggests of transport at
minimal distance in the riverbed. In the river sedi-
ment the coarse fraction (+0.125 mm) with over 60
% has a dominant mass content. In the coarse frac-
tion the grains are aggregated due to the presence of
clay. The content of calcite increases in the finer
fractions, as a consequence of the friction during the
transport. The content of organic matter has certain
variations depending on the annual seasons and the
hydrological condition.

The measured temperature of the river sedi-
ment indicates the influence of different factors: dis-
tance from the water line, depths of the layer, atmos-
pheric temperature, water temperature, period of the
day, period of the year etc. The measured values
pointed-out that the moisture increases deeper into

Mech. Eng. Sci. J. 40 (1) 43-51 (2022)
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the river sediment. The structure of river sediment
has an impact on the distribution of moisture. Mois-
ture is affected by the capillary network, which
depends on the granulometric composition of the
river sediment. Also, the moisture is correlated with
the hydrological conditions.
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