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Abstract. Surface sediments of the river channels provide a proxy to understand
contemporary-paleoconditions of sedimentary environments, climate, pro-
venance, etc. Systematic field mapping, and delineation of geological and geo-
morphic features was conducted, followed by collection of surface sediments
from river channels. Laboratory analyses included granulometry, textural
statistical parameters, and heavy mineral analysis of 53 sediment samples
collected from the entire reach of the Vaigai River from upstream to downstream,
the majority of them were coarse sand, moderately sorted, finely skewed and
platykurtic. Barring a few aberrations, a gradual increase in roundness of the
grains from the headwaters to the basin outlet is recorded in the present study.
The transportation of sediments is characterized by suspension with rolling.
Discriminant plots of environmental and energy conditions affiliate the studied
sediments to the riverine environment and unidirectional flow except few.
Recycling of valley-fill sediments and negligible-noticeable sorting, weak tran-
sport characteristics during normal flow and effective exhumation-erosion-
deposition during significant flow conditions were interpreted. Among the heavy
minerals, the ubiquitous occurrence of hornblende followed by garnet, magnetite,
epidote, rutile, zircon, and monazite in the decreasing proportion is documented.
Elemental abundances in the heavy minerals of samples from the upper part of
the basin show no significant/noticeable enrichment/depletion characteristics,
whereas the samples of the lower part of the basin show uniformly abundant Si.
These data and interpretations suggests that the channel bed sediments are
mostly reworked and recycled, probably influenced by the river’s flow on an
antecedent valley and valley-fill. Within this general nature, aberrations are intro-
duced by land use and other anthropogenic factors-imposed changes in sediment
size, shape, sorting and heavy mineral occurrence and relative proportions.

AnctpaxT. [IoBpIIMHCKY CeJUMEHTH PeYHUX KOPUTA NpPyXkajy UHIUPEKTHE
NoJaTKe 3a padyMeBambhe KaKO CaBpeMEeHHUX, TaKO U NaJeoyCcJ0Ba CeJUMEeHTa-
LIMOHUX CPeJiuHa, KJIUMe, IopeKJia ceJUMeHaTa UTA. Y pajy je CIpOBe/leHO
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K/by4He peum.

Kauma, scusomua cpeduHa, OUHAMUKA
peuHoz moka, cedumMeHmu Kopuma,
mekcmypHe kapakmepucmuke

CHUCTEMATCKO TEPEHCKO KapTHpame U ojpejfba reosiolKUX U reomopdo-
JIOIIKUXUX KapaKTEPHUCTHUKA, HAKOH 4Yera Cy MNPUKYIJbeHH MOBPLIMHCKU
ceJUMEHTH U3 pedyHUxX KopuTa. JlabopaTopujcke aHa/lni3e obyxBaTase Cy
rpaHy/JIOMeTpHjy, TEKCTYpHE CTAaTUCTUYKe MapaMeTpe U aHaIU3y TEeLIKUX
MHHepasia Ha 53 y30pKa cejUMeHTa NPUKYTJbEHA Ca [IeJIOKYITHOT TOKA PeKe
Vaigai, o u3Bopuiuta go yuha. Behuna y3opaka npezacraB/beHa je rpy6um
MeCKOM KOjU je yMepeHO COPTUPaAH, 3pHa 6J1aro UCKPUBJ/beHA U IJIATUKYPTHUYHA.
OcHM HEKOJIMKO OZICTYTIalha, y OBOM UCTPAXKUBAILY je 3a6eJierKeH MOCTeNeHH
nopacT 3a06/beHOCTH 3pHA 0/ M3BOpUIITA Ka yihy. TpaHCnopT ceauMeHaTa
KapakTepHulile CyclieHJ0Bambe ca KOTpJbarbeM. [UCKPUMHUHAHTHU rpaduiy
yCJIOBA XXKUBOTHE CpeJiJHE U eHepruje ToKa NoBe3yjy Npoy4yaBaHe cejJUMeHTe
Ca peYHUM OKpYKeHeM U jeZlHOCMEPHUM TOKOM, OCUM y HEKOJIMKO C/1y4dajeBa.
WuTepnpeTupaHu cy NpoLecu pefeloHOBawka CejUMeHaTa U3 MONyHheHUX
JlOJIMHA, 3aHeMapJ/bUBO-NIPUMETHO COPTUPakbe, cjlaba TPAaHCIIOPTHA CBOjCTBA
TOKOM HOpPMaJIHOT TOKa, Kao U epHKacHa eKcyMalluja-epo3uja-Zeno3uliyja
TOKOM BHCOKOT BOJioCTaja. Mehy TellkuM MUHepasuMa, 3abesiexkeHa je cBe-
NpUCYTHA T0jaBa XopHGJIeH/ e, TpaieHa rpaHaTOM, MarHeTUTOM, ENMUJOTOM,
pPyTHUJIOM, IUPKOHOM M MOHALIUTOM y onajajyhem yaeny. Beha koHieHTpa-
[Mja TeUIKX MHHepasa y y30pLyMa W3 TOpHer Jieja ClIuMBa He MOKasyje
3HavyajHe/NpUMeTHe KapaKTepHUCTHKe obGorahuBamba/McrpaximbaBamwa, J0K
Y30pLHU U3 JIOEr JeJia CJUBa M0Ka3yjy yje/lHaueHy 3acTyl/beHocT Si. OBU
MoJlallv U UHTepIIpeTaliyje Cyrepully Aa cy CefUMeHTH KOPUTa yIJIaBHOM I10-
HOBO 06paheHU U pe/lellOHOBaHH, BEPOBATHO IJIaB/beHeM J0JUHE U aKyMyJia-
yjoM MaTtepujana. OAcTynama cy y Be3u ca ynoTpeboM 3eMJ/bUIITA U PYTUM
aHTpoNoreHWM paKTOpUMa KOjU yTU4Yy Ha MPOMEHE y BEJHYHUHH, 00JUKY,
COpTHpamy ceJUMEHaTa U MojaBaMa TEIIKUX MUHepasia U HbHUXOBUM peJia-
TUBHUM yJe/MMa.

Introduction

The fluvial system, water and sediments function as
a coherent system are linked by a delicate environ-

Rivers transport water fertile soil, and nutrients
derived from their catchment areas and distribute
them in the lower reaches, which serve as the
foundation for agriculture, communities, and in-
dustrial activities. Despite being one of nature’s most
critical life-supporting systems, humans have been
exploiting river systems for decades, with little under-
standing of how the river ecosystem operates and
maintains its vitality (NAIMAN & BiLBY, 1998). Rivers
subjected to sand harvesting at rates exceeding
natural replenishment often undergo channel degra-
dation. This degradation leads to the incision of the
entire river system including its tributaries (ASHRAF
et al,, 2011; MaHmuD et al., 2022). In addition, the
environmental and geomorphic effects are not
understood because of lack of the necessary data
and insightful observations (MACFARLANE & MITCHELL,
2003; KaLE, 2005; ASHRAF et al., 2011; DE LEEuw et
al,, 2010; East & SANKEY,2020; BRIERLEY et al., 2021).
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mental balance (RAMKUMAR, 2003).

Fluvial sediments are typically comprised of
minerals that result from the weathering and
erosion of parent rocks, textural and mineralogi-
cal compositions of the sediments are strongly
influenced by provenance, tectonics, weathering,
transport, and environmental conditions of deposi-
tional sites (RAMKUMAR, 2001; RAMKUMAR et al., 2000;
RAMKUMAR & SUGANTHA, 2013; RAMKUMAR et al., 2015).
Terrigenous sedimentary deposits contain a diverse
array of heavy minerals, many of which initially cry-
stallized under the conditions of temperature and
pressure, quite distinct from those found on the Earth’s
surface. Within the sedimentary setting, these de-
trital minerals are subjected to weathering, with the
most pronounced effects occurring in warm and
humid climates, where chemical reactions tend to
proceed more rapidly (WHITE & BLuM,1995; BRANTLEY,
2003; ANDO et al.,, 2012). The inferences drawn from
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granulometric characteristics, especially on the
tectonic setting, provenance, climatic signals, etc.,
are further evaluated and or affirmed by the heavy
mineral data. Heavy minerals are distinct in relation to
specific major source terrains and their occurrence,
assemblage, and textural characteristics are shaped
by tectonic, climatic, and other environmental factors.
Furthermore, scanning electron microscope (SEM)
analyses of detrital grains (especially quartz) can
reveal peculiar morphologies that may be associated
with specific sedimentary processes or provenance
(CarDONA et al.,, 2005; KRINSLEY & DONAHUE,1968;
MAHANEY, 2002; ITamiva et al., 2019), thus helping to
discriminate among different depositional environ-
ments (DAMIANI et al,, 2006). In a prior investigation
by VoN EYNATTEN et al. (2012), conducted in a climati-
cally distinct environment characterised by minimal
chemical weathering, sediment composition is pri-
marily governed by mechanical comminution across
various grain-size categories. RAFF et al. (2023)
examined the accuracy of future sediment-delivery
predictions by contrasting them with historical
responses of the Ganges-Brahmaputra sediment
load to climate change and monsoon strength
during the Holocene.

Many researchers routinely analysed heavy mineral
distributions to understand the provenance and
processes that led to the formation of sedimentary
deposits (e.g., MortoNn, 1985; LiHou et al.,, 1996;
COOKENBOO, 1997; VITAL et al., 1999; GARZANTI & ANTO,
2007; JosHuA & OvEBANJjo, 2010; Bassis et al.,, 2016;
SuN et al., 2022; Hisapa et al., 2002; MoRrTtoN, 1994;
SEVASTJANOVA et al., 2012). HossaiN et al. (2021) under-
took research to analyse the distributional patterns,
micro-morphological characteristics of heavy mineral
analysis, and the grain size parameters in order to
ascertain depositional environment of the sand
deposits in Jamuna River. DixiT et al. (2023) investi-
gated intra-seasonal variations in chemical and minera-
logical composition of sediments, aiming to constrain
provenance. Similarly, RAumaN et al. (2016) conducted
studies on valuable heavy minerals extracted from
the Brahmaputra River sands in Northern Bangladesh.
Their study delved into the heavy mineral occurrence
and abundance in the Brahmaputra River channel bed
sediments and analysed their affinity with textural
parameters, energy conditions of depositional, etc.
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The Vaigai River located in the southern part of
India, runs on an antecedent valley-fill of its own
basin and has been a habitation site for human
populations of microlithic-Recent times (RAMKUMAR
etal, 2021, 2022a). Although the unique morpholo-
gical characteristics of the basin have been subject of
specific studies (PRABU & BASkARAN, 2013; RAMKUMAR
etal, 2019), various aspects of the basin have also
been investigated. These include the identification of
potential groundwater recharge zones (KALIRAj et al.,
2015), the physicochemical parameters of surface
water in theVaigai River near Madurai city were
examined by (MATHURAM, 2017; BALAJI & THIRUMARAN,
2019), the grain size distribution of few selected
locations along the river channel (ArRuN et al., 2019),
flood events (Ramasamy et al., 2022; NAGALAPALLI et
al., 2019) and radiation levels of sediments at few
selected locations of the river channel (Ramasamy etal.,
2014). As these data are crucial for understanding
the tectono-climatic and environmental conditions of
the river basin, this paper aims to document the
granulometric and heavy mineral characteristics of
the riverbed sediments to constrain on depositional
environmental conditions, tectonics, climate, prove-
nance, and anthropogenic influences, as well as to
create an environmental baseline data.

Regional setting and the study area

The Vaigai River Basin (VRB, Fig.1) is located
between 9°15’ to 10°20’N Latitudes and 77°10’ to
79°15’E Longitudes and covers parts of the Theni,
Dindigul, Madurai, Sivagangai, and Ramanathapuram
districts. The river originates at the Periya Pothigai
hills of Western Ghats at an elevation of about
1200 m and traverses for about 270 km. Flowing
northeast, the river traverses the Cumbam region,
situated between the Palani Hills to the north and
the Varushanadu Hills to the south. As it continues
along the eastern corner of the Varushanadu Hills,
the river takes a southeastward course and
ultimately debauches into the Bay of Bengal at Palk
strait in Ramanathapuram District (CHANDRAN et al.,
2016). Major tributaries of the river Vaigai include
Upper Vaigai, Varahanadhi, Manjalar, Varattar-Naga-
lar, Marudhanadhi, Sirumalaiyar, Uppar and Satiar,
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originate in Palani hills and Sirumalai hills.These
tributaries join the Vaigai along its course. Upper
Vaigai River originates in the Alagar hills and joins
Vaigai near Manamadurai.

This river basin evolved into its present configura-
tion through five major landscape developmental
stages. These include the inheritance of Mesozoic
valley/structures during the Late Jurassic-Early
Cretaceous period, drainage reversal, the initiation
of Cenozoic-Recent river basin evolution, intense
peneplanation during Miocene-Pliocene, intense
incision during Pleistocene, periodic climatic
extremes during Early Cenozoic, (Palaeocene-Eoce-
ne, Oligocene), accompanied by pedogenesis, terrace
formation, and sedimentation (RaAMKUMAR et al.,
2019). Lithologically, the basin area (Fig. 1) is en-
compassing charnockite with metasedimentary rocks
such as garnet-biotite-sillimanite gneiss, garnet-
biotite gneiss, quartzites and calc-silicates consti-
tute the southern part of the basin. The western part
of the area exhibits distinctive geological features,
with two different prominent groups of hornblende-
biotite and orthopyroxene-biotite (charnockite)
gneisses. One being quartz-rich and the other is
feldspar-rich rock, and alkali granites. On the
other hand, the eastern part consist of extensive
charnockites and enderbites with heterogeneously
dispersed quartzites and a series of calc-silicate
rocks (CENKI & KRIEGSMAN, 2005; YELLAPPA & Rao,
2008). Observation reveals the formation of
Miocene-Pliocene Kankar/palaeosol, recycling of
palaeosol and development of Holocene-Recent soil
(RAMKUMAR et al., 2019). A major structural trend
namely the tectonic line (e.g., SANTOSH et al., 2014;
RAMKUMAR et al,, 2016, 2017) traverses near Manama-
durai and the deltahead of this river is located east
of this line, similar to the east coast deltas of India.
The basin experiences semihumid to semiarid
climate, and receives an annual rainfall of 952 mm.
A notable feature of this basin is that it experiences
short-duration, and high-intensity rainfall like the
Peninsular River basins (RAMKUMAR et al., 2019) and
is also susceptible to flooding.

Geomorphologically, the western side of the VRB is
characterized by structural hills and valley complexes,
an older alluvial plain, and bajadas (Fig. 2). The central
elevated terrain includes pediplain, moderately
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dissected hills, residual hills, valley fill, and pe-
diments. The lower part includes Eastern coastal
plain, which is comprised of an older deltaic plain,
beach ridge-swale complex, tidal flats, and numerous
tanks. Most of which are man-made since historic-
archaeological times and are currently well connected
by a canal network and in use.

Methods and materials

The study includes mapping and sampling
the trunk and major tributaries of the Vaigai River
from the point of origin to the point of confluence,
covering a stretch of about 258 km. It is followed by
collecting stream bed sediment samples from
different locations in the Vaigai River trunk channel
(Fig. 1). Data on field scale geology, structure,
channel morphology and cross-section, landuse,
vegetation, and soil characteristics were also
collected from the field. These data were supple-
mented with thematic maps on geology, structure
(source: Geological Survey of India Map), drainage
(source: mapped from toposheets from SOI), rain-
fall (sources: IMD and www.indiawaterportal.org),
are used for corroboration with the interpretations
made on the granulometric and other data.

Textural analysis

Sediment samples were collected from the main
channel or trunk channel. Locales of successive
sampling varied between 3-12 km depending on
sediment availability and accessibility. A total of 53
samples were collected and analysed for the present
study. At each site, after collecting geographic
coordinates through GPS, sediments were collected
using a 10 cm x 20 cm PVC pipe, ensuring uniform
sample size. Approximately 1 kg of sample was
collected from each site, packed in an airtight PVC
bag, labelled and transported to the laboratory.
The sediments underwent laboratory analysis, and
the computation of textural parameters was under-
taken using the methodologies detailed in RAMKUMAR
et al. (2000a) and RAMKUMAR (2001, 2007). In the
laboratory, the samples were air dried, thoroughly
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Fig. 1. Location of the study area; showing the location of selected 53 sediment samples from catchment to confluence along with lithology.
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Fig. 2. Geomorpology. Vaigai Basin is characterized by a western mountainous terrain with structural hills and valley complexes, an
older alluvial plain, and bajadas. The central elevated terrain includes a pediplain, moderately dissected hills, residual hills, valley fill,
and pediments. In the lower part of the basin lies the Eastern coastal plain, which is comprised of an older deltaic plain, beach ridge-

swale complex, tidal flats, and numerous tanks.
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mixed, homogenized, cone and quartered to obtain
approximately 50 gm of sediment subsample.
Large shell fragments, organic material, or pebbles,
if present, were removed. These subsamples were
transferred to a pre-cleaned glass beaker. The
samples were cleaned through three stages of
treatments by hydrogenperoxide, 10% v/v HCl and
quasi-distilled water. This process aims to remove
organic matter, shell calcite and other conta-
minants from the samples. These subsamples were
then dried in an air-oven overnight at 60° C and
weighed and dry-sieved in an automated sieve-
shaker with ASTM testsieve sets of ¥ ¢ intervals
(INGRAM, 1970) for about 20min. The separated size
classes of sediments were then weighed and
tabulated. These data were converted into %4 ¢
intervals with a computer algorithm (RAMKUMAR et
al,, 2000; RamkumMAR, 2001, 2007), and then cu-
mulative percent according to ¢ interval were
calculated and plotted in a semi-log graph sheet for
generating requisite data to computethe graphic
mean (Mz), standard deviation (SD), skewness (SK)
and kurtosis (KG). Furthermore, the input data
required for several bivariate and other discri-
minant plots (discussed in the later section) were
also obtained from the cumulative percent of the
sediment samples.

Heavy mineral analysis

The method of MANGE & MAURER (1992) was
followed to separate and prepare the heavy mineral
samples. Heavy minerals (density > 2.9) were
extracted from the -1 ¢ to 4 ¢ (Coarse sand to fine sand)
size fraction using tetrabromoethane (Br,CHCHBTr,,
density 2.89 gm/cc). Out of the total 53 samples
analysed, only 38 of them contained both light and
heavy mineral assemblages. The heavy minerals
were then identified under a microscope (Leica
DM2700P application suite version 4.13.0) and the
percentage of particles of various minerals was
calculated. In addition, heavy mineral separated
from 6 samples, located at various regions of the
river channel from source to confluence are chosen
for examination under a Scanning Electron Microscope
(Carl Zeiss EVO18 scanning electron microscope)
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fitted with energy dispersive spectrometer (EDS)
for micromorphology and chemical mapping (SEM-
EDS) of selected grains.

Results
Textural properties

On a basin scale, the studied samples are mode-
rately sorted (0.87), finely skewed (0.24), platy-
kurtic (0.84), and coarse sands (0.625). Within this
general character, the grain size (Mz) varies from
fine sand to pebble (-2.03 to 3), sorting (SD) varies
from very well sorted (0.16) to extremely poorly
sorted (4.38), skewness (SK) varies from strongly
fine skewed (2.07) to strongly coarse skewed (-4.42)
and the kurtosis (KG) varies from very Leptokurtic
(2.39) to very platykurtic (-2.7).

Among the 53 sediment samples studied for
granulometry, the majority of the samples fall
within the coarse sand, few samples in the field of
medium sand and only a four veering away from this
range and falls in the field of fine sand, very coarse
sand and pebble. Spatially also this character is
observable in the absolute value curve of mean size
(Fig. 3a) with little aberrations. The linear trendline
(R?=0.0159) also shows the monotony of grain size
while the polynomial trendline (R?=0.1819) shows
an inflexion towards very coarse sand at the middle
of the basin while the origin and confluence
portions show the dominance of coarse-medium
sand characters.

The standard deviation (SD) is the measure of
scattered sediment grain sizes from the mean and
is utilized traditionally to assess the sorting cha-
racter of the sediments and indirectly the energy,
nature of sediment source, influx and settling con-
ditions. Most of the samples show a moderately
well sorted nature with subordinate populations as
moderately sorted and only a very few (<5) show a
very well sorted nature and very poorly or extremely
poorly sorted character. Similar to the mean size chara-
cteristics, the sorting of the sediments also shows
monotonous nature from origin to confluence, as in-
dicated by the linear trendline (R?= 0.0025; Fig. 3b)
and the polynomial trendline (R?2= 0.0679; Fig. 3b)
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which also shows an inflexion from moderately
sorted to moderately well sorted nature at the
middle of the basin and deflections toward poor
sorting at the origin and confluence portions of the
basin.

The skewness (SK) accounts the symmetry of
the sediment size distribution with reference to the
central tendency. A dominant proportion of the
samples show a strongly fine skewed nature and a
few within the range of nearly symmetrical at the
confluence, except three samples indicating a
strongly coarse skewed nature. Similar to the linear
trendlines of mean size and standard deviation, the
trendline of skewness also falls within a narrow
range from origin to confluence (R?= 0.0736; Fig. 3¢).
Nevertheless, the deflection of the polynomial
trendline (R?= 0.1094; Fig. 3c) does not mimic
other granulometric parameters as it shows de-
flection towards coarse skewed nature near the
confluence.

Kurtosis (KG) is the indicator of the sorting
character of the grain size distribution concerning
the endsizes of the grain size range. Quite akin to
the other parameters, the occurrence of a narrow
range of platykurtic to mesokurtic nature for
most of the samples could be discerned from the
absolute value curve of the kurtosis in Figure 3d.
This curve is superimposed on the general trend,
showing a clear linear change (R*= 0.0753) from
leptokurtic (origin) to very platykurtic (confluence)
nature (Fig. 3d). Additionally, an initial deflection
from mesokurtic to leptokurtic is followed by
relatively featureless domination of platykurtic
nature through out the basin, culminates at deflec-
tion towards very platykurtic near the confluence.
This trend is reflected in the polynomial trendline
(R?=0.1146; Fig. 3d).

Environmental setting and processes

The discriminant lines proposed by FRIEDMAN
(1967) and MoioLa & WEISER (1968) were depicted
in two distinct diagrams utilizing Mz and SD as
variables, as illustrated in Figure 4A and SD and SK
(Fig. 4b) to classify the dominant proportion of the
samples in the river field, except for few in the MZ-
SD (Fig. 4a) and very few in the SK-SD (Fig. 4b).
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Fig. 3. Downstream trends of the textural parameters of the
Vaigai River. a. Absolute value curve of mean size; b. Sorting of
most of the sediments shows moderately sorted; c. A dominant
proportion of the samples show strongly fine skewed nature;
d. Curve of Kurtosis varies from leptokurtic (origin) to very

platykurtic.

Stewart’s Discriminant diagram of standard de-
viation (SD) and Median (Md) values in ¢ scale for
use in interpretation of dominant depositional
process/energy conditions (STEWART, 1958) shows the
majority of the samples falling in the river process
field as a closely spaced cluster, with no samples
fall near wave process (yet within the river field),
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Moiola and Weiser (1968)
Friedman (1967)
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then, one sample in slow deposition from quite a
water field and a few others far away from all the
fields (Fig. 4c). Plotting the Mz and SD data on a dis-
criminant diagram (Fig. 4d) after GLAISTER & NELSON
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Fig. 4. Discriminant diagrams of environments, energy, transport
and depositional processes. a. Diagrams based on Mz and SD;
b. SD and SK; c. Stewart’s Discriminant diagram of standard
deviation (SD) and Median (Md) showing most of the samples
were deposited by river process except few samples; d. Plotting
the Mz and SD data on a discriminant diagram after Glaister and
Nelson (1974), show that most of the samples fall within the delta
front and point bar and few are in the mature beach and two in
the alluvial fan environment fields; e. The CM plot of transport
mode/process exhibits all the samples above the maximum grain

size transported by graded suspension.

(1974), shows that most of the samples fall within
the delta front and point bar, a few are in the mature
beach and two in the alluvial fan environment fields.
The CM plot (Fig. 4e) of the transport mode/process
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exhibits all the samples above the maximum grain
size transported by graded suspension. Within this
field, transport the primarily occurred via suspen-
sion with rolling for most samples, while a fewer
samples were transported through a combination
of rolling and suspension.

Heavy mineral occurrence and distribution

Among the 53 samples processed for heavy
mineral separation, only 38 samples contained
heavy minerals. Individual grains were counted to in-
vestigate the mineral abundance, and subsequently,
the percentage of the heavy minerals was computed
(Fig. 5). The heavy minerals recognised are horn-
blende, zircon, magnetite, andalusite, biotite,
tourmaline, kyanite, muscovite, augite, rutile, pale
brown hypersthene, ilmenite, sphene, sillimanite,
staurolite, epidote, limonite, monazite, and a variety
of garnets including almandine, pyrope, spessartine,
and grossular (as shown in Figs. 6 & 7). Hornblende
content ranges from 23% to 74%, garnet from 10 %
to 44.5 % and magnetite from 2.5% to 50%. The
occurrence of other minerals is as follows: epidote
(0.0% to 12.5%), staurolite (0.0% to 5%), rutile
(0.0% to 2%), monazite (0.0% to 5%), ilmenite
(0.0% to 2.5%), zircon (0.0% to 2.5%), mica (0.0%
to 3%), limonite (0.0% to 1.5%), sillimanite (0.0%
to 3%) and tourmaline (0.0% to 1%) (Table 1).
Overall the heavy mineral population is higher in
the upper Vaigai Basin and lowest in the lower
Vaigai Basin. Most of the samples possess a higher
proportion of hornblende followed by garnet and
magnetite. Their proportions in each sample and
variation from origin to confluence are shown in the

R? =0.2458

Figure 8. The proportions of the heavy mineral oc-
currences in these samples vary from a minimum of
0.00% to a maximum of 44.26% and a mean value
of 12.51. Spatially, higher abundance of heavy mine-
rals occupied the middle part of the basin and lower
proportions at the confluence are observed. On a
linear trend, a gradual reduction (R?= 0.0552) from
source to confluence (Fig. 5) is depicted by the distri-
bution pattern of the heavy minerals. The oc-
currence of a higher proportion in the upper part of
the basin (44.6%), lower near the catchment and
lowest near the confluence are depicted by the poly-
nomial trend line (R?= 0.2548). Morphologically, the
heavy mineral grains exhibit a variety of shapes from
angular to rounded. Data on relative proportions of an-
gular, subangular, subrounded and rounded heavy
mineral grains of individual samples are presented
in Figs. 8a-d. From these figures, occurrences of ubi-
quitous, almost equal proportions of angular (Fig. 8a)
and subangular (Fig. 8b) heavy mineral grains, domina-
tion of sub-rounded (Fig. 8c) grains in the upper
part of the basin and domination of rounded (Fig. 8d)
grains in the lower part of the basin are perceptible.
The mean values of each of the morphological
categories revealed a decreasing trend of subangular
(37%) >angular (25%) > rounded (21%) > subrounded
(18%). Within this general trend, sudden increases
in relative proportions of angular and subangular
grains in proximity to the confluences of tributaries,
dam exit points, etc, and sudden changes in relative
proportions of sub-rounded grains in the upper part
of the basin and rounded grains in the lower part of
the basin occur. Nevertheless, the number of samples
that contain above average % of all these morpho-
logical grains are in the ranges of 16-17, uniformly.

0% of Heavy mineral

R?=0.0552

Jehi

- & ™ w

© e
2 &

3
a
45

Upper

Middle Lower

Fig. 5. Occurrence of relative proportions of heavy mineral for selected 38 samples.
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Fig. 6. Images of selected heavy mineral types A) Garnet Group of Hessonite B) Magnetite C) Hypersthene with inclusions
D) Andalusite E) Biotite F) Sillimanite G) Zircon with cleavages H) Tourmaline I) Fractured Zircon
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Fig. 7. A) Pyrope B) llmenite C) IImenite D) Hornblende E) Sphene F) Hypersthene G) Pyrope H) Hessonite 1) Sphene J) Sillimanite K)
Magnetite L) Andalusite M) Andalusite N) Rutile O) Almandine P) Hornblende
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Table 1. The recognised heavy minerals and their propotions in percentage.
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Fig. 8. Percentage of morphological variations of selected heavy minerals such as a- angular, b- subangular, c- subrounded, d- rounded.

Micromorphology and EDAX mapping

A total of 6 samples were examined under SEM
and geochemically mapped by EDAX. The morpho-
logical variations observed under SEM are pre-
sented in Fig. 9. The element percentages in the
Upper Vaigai Basin show variation in the following
order: O > Si> Al > Fe>Ca>Mg,C>Si>0>Al>Mg
> Ca >Fe, O > Si > Fe > Ti > Al > Mg >Ca > K. In the
Lower Vaigai Basin, the element percentages follow
this sequence: O > C >Si > Al>Mg>Ti, O >Si>Fe >
Al > Mg >Ti>Ca> Na, C > Si > O > Al > Mg >Ca> Fe
(Fig. 10).
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Discussion

Downstream variations of depositional
environmental conditions

The sediment grain size and textural parameters
are commonly utilized for characterising the sedi-
mentary environments (INMAN, 1952; TRIPATHI & HOTa,
2013; SAveM et al,, 2021, 2023). The control of grain
size distribution is influenced by various factors,
including source composition, weathering, climate,
and hydrodynamic alterations (RaMkUMAR et al.,
2022a; AMALAN et al,, 2018; GUNASINGHE et al., 2021;
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Fig. 9. SEM images showing Sub-angular and Sub-rounded Grains B) Sub-rounded With Smoothened Edge C) Irregular Ridges
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Fig. 10. EDAX mapping of the elements and their percentages of selected heavy minerals showing variations in the Upper Vaigai Basin

(4, B, C) and Lower Vaigai Basin (D, E, F)
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PERERA et al,, 2023). FrRIEDMAN (1967) introduced
graphic measurements specifically, the simple sorting
measure, and the simple skewness measure, aiming
to differentiate between beach, dune, and river sedi-
ments. PASSEGA (1957, 1964) and PaAssEGA & BYRAMJEE
(1969) have endeavoured to establish the connection
between textural characteristics and depositional
processes, focusing on the relationships between
specific sizes and the most probable depositional
mechanism to classify clastic sediments by sub-
dividing them into types indicative of their genesis
(RAMKUMAR et al., 2000); discriminate one from
the other (FERRELL et al., 1998; RaMKkUMAR, 2001) or
document the downstream variations (RAMKUMAR et
al,, 2015) and relate those variations with specific
environmental parameters (RAMKUMAR & SUGANTHA,
2013) and geomorphic setting etc.

The studied sediment samples of the Vaigai River
channel range from fine sand (3) to pebble (-2.03),
with a standard deviation of 0.76. The Udden-Went-
worth size class is classified based on an interval of
0.5 in the ¢ scale and a standard deviation of 0.76
represents a shift of more than one size class, which
is considered abnormal, especially in a low-gradient,
ephemeral river channel with reduced flow condi-
tions. The graphic mean size of the sediments is
influenced by multiple factors, including the source
of sediment supply, the depositional environment,
and the average kinetic energy of the agents
responsible for sediment deposition (KHAN et al,,
2024). The Vaigai river runs on a antecedent valley,
which is currently experiences resurgence from the
catchment region (Juni et al., 2022). As a result of
which newly exhumed sediments are exccesively
supplied from the tributaries to the trunk channels-
a quantity that could it be transported completely
to the downstream region owing to the dwindling
flow conitions (DINGLE et al,, 2016). These two observa-
tions signify the prevailing tectonic & presumed
climatic control over the sediment transport-
depositional condition within a river channel
(RaMKUMAR et al.,, 2015). This inference gave further
support by the occurrence of vast swasts of sand-
sheet that covering the entire channel (Fig. 11), a
phenomena also observed in other rivers in
peninsular India (RAMKUMAR et al,, 2015, 2025). The
observed variation of more than one size class in a
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monotonous river channel suggests changes in
environmental and energy conditions, which need
to be identified (RAMKUMAR et al.,, 2015).

Unequivocally, all the samples collected from
origin to confluence represent a riverine character
in all the discriminant diagrams (Figs. 4a, b) with
little/negligible variations. The absence of any
estuarine and/or marine signatures in these sedi-
ments might imply a significant supply of sediments
from the source that could not be reprocessed at a rate
of supply to get estuarine and/or marine signature
(RAMKUMAR et al., 2001) or additionally, recycling of
alluvial sediments within the river basin by fresh,
spatially varying zones of exhumation/erosion
(RamkuMAR et al., 2019). Notable exceptions are two
or three samples that fall in the field of Alluvial fan
(Fig. 4d) and these samples fall away in other
environmental discrimination (Fig. 4b) and energy
discrimination diagrams (Fig. 4c), reinforcing the
interpretation of the fresh cycle of exhumation of
the source area and supply of sediments.

The VRB has a unique hook-like morphology and
the river runs on an antecedent valley (RAMKUMAR et
al,, 2019). Occurrences of topographically higher
regions, mainly in the western and northwestern
areas, and along with their association with freshly
emerging cliffs, reactivated slides and alluvial fans,
suggest an episodic supply of fresh sediments to
the trunk river, which in turn runs on its own
paleoalluvial valley-fill (RamMkumMar et al., 2019).
While occurrences of monotonous and/or almost
indistinct proportional distributions of rounded,
sub-rounded, sub-angular and angular grains may
suggest ongoing mixing of freshly supplied se-
diments with that of recycled paleoalluvial valley-
fill sediments in the trunk river, domination of
sub-rounded grains in the upstream and rounded
grains in the downstream clearly attest to the
downstream differentiation of fluvial activity, which
attempts, albeit unsuccessfully, to imprint its own
fluvial textural maturity. The discriminant diagram
of GLAISTER & NELSON (1974) testifies to this inter-
pretation wherein all the samples fall within the
delta field. However, a vaguely discernible trend
of sediments that show progressive textural ma-
turity from alluvial fan to mature beach (Fig. 4d) is
observed.
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Fig. 11. Field Verification. A) sand deposits within the channel B) Thick sand deposits on the bank of the river channel C) meandering

channel D) Location of thick sand hump as a result sand mining activity E) Vaigai Dam F) Thick sand deposits on the channel bank

within the confluence of Vaigai river G) Near estuary of the river H) construction across the river channel I) Bedrock channel with

pebbles and cobbles deposits.

Examination of the modes of transport of the
sediments with the help of the discriminant
diagram (Fig. 4e) of PasseGa (1957), monopolytic
confinement of all the samples except one above
the C-S field (maximum grain size transported
by graded suspension), and distribution of all except
few within suspension with rolling and subordi-
nate number of samples in rolling in suspension
unequivocally, suggest supply of sediments from
older sources (i.e., availability of older sediment
layers, paleosols, thick weathering profiles in the
source region), transport of the sediments from
the source regions only during episodic, signifi-
cant peak flows and transport of available sedi-
ment en masse. This inference concurs with the on-
going high-intensity; short-duration monsoonal flow
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conditions that characterise the VRB. The Vaigai
River is a monsoon-fed one and prone to flooding
since geological-historic times (RAMKUMAR et al.,
2019, 2021, 2022a), and source regions of the sedi-
ments are episodically eroded during flooding and
the sediment supplied to the rivers move as sand-
sheets (Fig. 11). Downstream transport of these
sediments is episodic, and each flooding event
brings in fresh sediment and adds to the already
deposited sediments within the channel. Thus, except
the extreme catastrophic flood events, sediment
transport in the Vaigai River system is punctuated, and
the transport mode is rolling-suspension (Fig. 4e).
[t signifies the partial reworking of the sediments
and prevalent punctuated/episodic transport
mechanism/event.
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Together, a weak transport-sorting capacity of
the river system, which in turn functioned only
during monsoon extremes, sourcing of fluvial
sediments from its own paleoalluvial fill and
minimal - noticeable quantities of fresh cycle of sedi-
ments from basin margin-alluvial fans, a feeble-
distinct basin-scale distinction/differentiation of
grain morphology as the characters of the Vaigai
River system can be interpreted.

Minor variations in sample characteristics may
be related to the changes in the riverbed characte-
ristics which in turn may have been under the
influences of changing climatic/landuse characte-
ristics, anthropogenic interventions such as the
construction of roads and buildings/bridges/dams
etc (MALINI & Rao, 2004; PicHuka & RouLo, 2024;
Das etal,, 2021). Study of sediment size and textural
parameters serves the purpose of correlating the
different sediment types and their respective de-
position environments (INMAN, 1952) and it aidsin
distinguish between natural and anthropogenic
processes operating within an environment. This
characteristic is not unique to the river in question
but can be observed in other comparable at their
mature-stages (for example, the Godavari and the
Krishna Rivers; RamkuMAR 2001, 2007), quite ob-
livious to this simplified nature, the nuances and
subtle differences as a result of myriad factors are as
described herein.

The inclusive graphic standard deviation is a
measure of the average dispersion of the distri-
bution around the mean and is indicative of the
level of sorting in sediments. The sorting ranges
from extremely poorly sorted (4.38) to very well
sorted (0.16), showing a significant variation. The
sorting of sediment is moderately well sorted, with
a standard deviation (0.71) higher than the mini-
mum interval of 0.35, indicating a shift in the sorting
class. However, there is a considerable variation
in sorting characters, ranging from extremely poorly
sorted to very well sorted, as indicated by the
average. The observed moderately sorting nature
could be ascribed to the incorporation of sediments
featuring diverse grain sizes, possibly resulting
from the reworking of beach ridges or via allu-
vial processes. This occurrence might be influenced
by the consistent prevalence of strong wave
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convergence throughout the year (GANDHI, 2017).
The skewness values also show a significant
variation, ranging from strongly fine skewed to
strongly coarse skewed, with a standard deviation
of 1.03, suggests a shift of one skewness class
interval. The graphic kurtosis (KG) indicates a depar-
ture from normality and a wide variation, ranging
from very leptokurtic to very platykurtic. The grand
average of KG is platykurtic, and the minimum
value of kurtosis is very platykurtic, suggesting
that certain forces other than normal depositional
conditions may have influenced the observed se-
diment characteristics. The platykurtic characteris-
tics observed in the sediment samples indicate the
maturity of the sand, where the variations in sorting
values result from the continuous addition of finer
and coarser materials in different proportions.
The changes in the sorting values are attributed to
the ongoing influx of finer and coarser materials in
varying proportions. Changes in the flow charac-
teristics of the deposition medium can be deduced
from variations in kurtosis values and specifically,
exceptionally high or low kurtosis values indicate
that a portion of the sediment has been sorted in
different locations with a high-energy environ-
ment. Moreover, the kurtosis values provide in-
sights into the maturity of sands by indicating the
prevalence of rounded fine-grained particles with
a platykurtic or mesokurtic nature (BAIYEGUNHI et al.,
2017). The lower standard deviation values sug-
gest well-sorted samples under low-energy depo-
sitional conditions (Lopez, 2017; YuN et al.,, 2023;
PERERA et al., 2023). The observed wide variation
in the studied textural parameters is unexpected in
a monsoon-fed fluvial system with reduced flow con-
ditions in a low-gradient landscape, prompted an in-
vestigation into downstream variations. The analy-
sis took into account linear and polynomial patterns
in the context of natural trends and perturbations,
particularly concerning the locations of anthropo-
genic intervention. The downstream pattern of Mz,
as depicted by the linear trend (Fig. 3a) demon-
strates a gradual transition from fine sand to pebble,
as could be observed elsewhere in a fluvial environ-
ment. However, there are many aberrations, as in-
dicated by the polynomial trend as well as the abso-
lute value curve. Inclusive graphic skewness serves
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as a measure of the frequency distribution, provi-
ding insight into the position of the mean with re-
spect to the median. Most important, it is geome-
trically independent of the sorting of the samples.

Toward downstream, the proportion of angular
grains in heavy minerals in the overall sediments
shows a decreasing trend (Fig. 8a) concomitant
with an increase in the proportion of rounded grains
(Fig. 8d). Along deltaic shorelines, heavy mineral
concentration may decrease in the transport direc-
tion. This phenomenon is frequently observed in a
situations where a reduction in sediment load in the
accelerated erosion of deltaic cusps, consequent
formation of placer lags, and lateral distribution
of the selectively entrained heavy mineral-poor
sediment fraction (FRiHY & KoMAR, 1991; Li & KoMAR,
1992; GARZANTI et al., 2002; RESENTINI et al., 2018).
The rounding behaviour of various heavy minerals
exhibits significant differences. The general con-
sensus is that the roundness of grains is primarily
attributed to the abrasion of grain margins, which
occurs over extended periods due to transporta-
tion or reworking by the transporting medium
(RusstLL, 1939). Nevertheless, the precise charac-
teristics and duration of transportation and re-
working necessary to generate rounded grains
of different minerals remain inadequately com-
prehended (ZoLEIKHAEI et al., 2016). In a recent
study conducted by GARzANTI et al. (2015), it was
observed that minerals with metastable properties,
such as pyroxene, amphibole, magnetite, ilme-
nite, epidote, and garnet, experience minimal
rounding in fluvial and littoral environments.
These studies have established that when compar-
ed to aeolian environments, the rounding of sand
grains is relatively minimally influenced by the
processes of fluvial transport and littoral reworking
(RESENTINI et al., 2018).

The fluctuations in grain size population can be
attributed to the influence of both natural and man-
made obstacles, such as meanders, check dams and
bridges, situated along the course of the river (ARUN et
al,, 2019) and sand mining (RAMKUMAR et al.,, 2015).
LENz1 & ComiTi (2003) described the profile of a grain
size distribution adjustment of trapped sediments
in a mountain river (Italian Alps) stabilized by a
sequence of boulder check dams. They reported that
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the drop height of check dams, the flow depth, and
the step spacing of the dams affect scouring
dynamics in a complex way. Their finding about the
effect of check dams on grain size distribution
adjustment of sediments confirmed the results
previously obtained in laboratory tests. The grain
size distribution of the sediments deposited behind
the check dams depends on the type of sediments
transported and the performance of the check dams
in capturing the sediments. It is worth noting that
sediment trapping by river dams can have adverse
effects on the downstream channels and deltas
(HassALINI & NAMEGHI, 2009). Sand mining results in
significant environmental problems that are sum-
marized by numerous researchers including, but
not limited to, BULL & ScoTT (1974); SANDECKI (1989);
KONDOLF & SwANSON (1993); KoNDoLF(1997); MAc-
FARLANE & MITCHELL (2003); HEMALATHA et al. (2005);
SHAJI & ANILKUAR (2014); BHATTACHARYA et al. (2019);
Zou et al. (2019); HACKNEY et al. (2020); RENTIER &
CAMMERAAT (2022).

Provenance

Heavy mineral assemblages can be used for
demarcating the probable sources from which they
have been derived. The fluvial sediments originate
from a range of parent rocks and undergo compo-
sitional changes due to multiple environmental
processes. These processes include chemical weather-
ing, selective physical breakdown, and hydro-
dynamic sorting during transportation and deposi-
tion. The analysis of river sediments in tracing
studies can offer a distinctive signature of a region’s
geological characteristics and its geomorphological
history (as demonstrated by MILLIMAN & SYVITSKI,
1992; HEROY et al., 2003; Robpaz et al., 2005; PIPER et
al, 2006; YANG et al., 2009; GARzANTI et al., 2007,
2010, 2015; JaMEs et al., 2023). The composition of
heavy minerals in river sediment can undergo
alterations due to a multitude of factors throughout
the processes of formation, transportation, deposi-
tion, and subsequent changes such as lithological
variations, hydrodynamic sorting, weathering, mecha-
nical wear, and diagenesis (MORTON & HALLSWORTH,
1999; MoRrToN et al., 2005; MORTON & HALLSWORTH,
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2007; KrIPPNER et al., 2015; ZHANG et al.,, 2015). The
minerals namely, hornblende, garnet, magnetite,
epidote, rutile, monazite, ilmenite, zircon, staurolite,
hypersthene, tourmaline, limonite, sillimanite,
constitute the heavy mineral population of the
studied samples. These mineral reflect the diverse
lithology of the study area, which comprises
charnockites, magmatic complexes, the peninsular
gneissic complex, and khondalite rocks (YELLAPPA &
Rao, 2008). Zircon, rutile, and hornblende, key
indicators of provenance, display varying degrees of
rounding, etching, and overgrowths, suggesting
transport history and recycling processes (GANDH],
2017). The rounded and sub-rounded grains of rutile
suggest extensive transportation and or reworked
nature, whereas the sub-angular grains of rutile
indicate a probable origin from nearby sources,
particularly khondalite and charnockites (Naipu et al.,
2019). Hornblende, is indicative of metamorphic pro-
venance, is associated with charnockite and retro-
grade charnockites (MALLIK, 1987). The presence of
hypersthene, garnet, chlorite, feldspar, and other
heavy minerals further suggests derivation from
peninsular gneiss, charnockites, migmatite, basic
dykes, and schists (SANTOSH et al., 2017; Gao et al.,
2021). Additionally, magnetite in river sands occurs
as both liberated grains and complex intergrowths
with silicate gangue minerals (RAHMAN et al., 2016).
The southern part of the basin, dominated by Neo-
proterozoic charnockite and metasedimentary rocks
such as Mg-Al granulites, garnet-biotite-sillimanite
gneiss, quartzites, and cal-silicates, serves as a major
source for these minerals.

Climate

The sediment supply from hill slope can exhibit
significant spatial variations, which are attributed
to different erosion processes or distinct lithology.
These variations directly impact the bedload ratio
and the size of particles transported within the river
network, consequently influencing the equilibrium
between sediment load and river carrying capacity.
In recent years, numerous researchers have as-
serted that sediment flux, particularly the balance
between bedload and carrying capacity, plays a
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crucial role in determining the rate and mode of
fluvial incision into bedrock (SKLAR & DIETRICH, 1998,
2001; Howarp, 1998; HaNncock et al., 1998; WHIPPLE
& TUCKER, 2002; ATTAL & LavE, 2006; SCHERLER et al.,
2017; YANITES, 2018; SKLAR et al., 2020; TuROWSKI,
2021).The sediment originating from bedrock on
hill slopes undergo exposure to corrosive waters
and temperature fluctuations, contribute to the
reduction in particle sizes through processes such
as mineral dissolution and fracturing. The annual
mean rainfall of the VRB is about 952mm (RAMKUMAR
et al,, 2019). The flow of water and temperature
variations on hill slope is influenced by climate
conditions. Therefore, climatically driven dif-
ferences in chemical and physical weathering might
have played a role in regulating the reduction of
sediment sizes during the journey from bedrock
to the stream channel. Warm and wet conditions
tend to accelerate chemical weathering, resulting in
the delivery of relatively fine-grained sediments to
the channel, as chemical processes tend to dis-
aggregate rock at the scale of individual mineral
grains. In contrast, landscapes featuring more re-
sistant bedrock, colder climates, lower biomass, and
faster uplift rates are prone toproviding coarser
sediments to the channels.

CONCLUSIONS

- The channel bed sediments of the Vaigai River
were sourced from their own antecedent valley fill
and the transport-sorting capacity of the river system
was weak and functioned effectively only during
monsoon extremes. This has resulted, in a feeble-
distinct basin-scale distinction/differentiation of
grain morphology. Histotric-archaeological anthro-
pogenic habitation and landuse change and changing
climatic conditions may have contributed to these
sediment characteristics.

- Prevalent tectono-climatic conditions, ongoing
landuse changes and anthropogenic pressures/in-
terventions into the natural fluvial system result in
aberrations in the general downstream variations
of textural parameters, heavy mineral distributions,
etc. The heavy mineral signatures imply the proven-
ance characteristics, recycling of older sediments
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and selective winnowing of prevailing transport
characteristics mixing of fresh sediment influx into
the stream channel sediments, perhaps as an indi-
cation of anthropogenic impact on the natural flu-
vial system.

- Though the heavy mineral compositions of the
studied riverbed sediment samples show affinities
with the lithologies that occur in the catchment, the
lack of definitive and or significant, relationship, in
association with the general increase in the round-
ness of heavy mineral grains could be construed as
the result of sediment recycling, which in turn could
be related with the dwindling influences of river
flow-weak sediment transport mechanism, etc.

- The study has also documented the changing
nature of fluvial system which is inhabitated from
pre-historic times and is under anthropogenic and
climate change pressuires which in turn result in its
subdued/mixed expressions on sediment texture
and heavy mineral distribution.
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Pe3ume

Jlenno3vunoHe cpeJHe, NOPEKJIO U
YTHULAj KJIMMe HA TeKCTypHe
KapaKTepUCTHKe U AUCTPUOYLHjY
TelIKUX MUHepaJay ce JUMEeHTUMa
peyHor KopuTa peke Vaigai,
jyrosanagHa Unauja

CsuB peke Vaigai Hastasu ce usmeby 9°15’ u 10°20°
ceBepHe reorpadcke mwupune u 77°10° u 79°15°
HCTOYHe reorpadcke Ay»KHHe, U IIOKpPUBa Je/I0Be
okpyra Theni, Dindigul, Madurai, Sivagangai u Rama-
nathapuram. Peka u3Bupe Ha maHuHU Periya
Pothigai y 3anmajHom ['aTuMa Ha HaIMOPCKOj BUCHH
oz oko 1200 m u Tede Ha Ay>KUHU oA oKO 270 km.
JluToJsioliKY, MOApPYyYje caMBa obyxBaTa rpaHaT-
OUOTUT-CUJIMMAaHUTCKe r'HajceBe, paHaT-OMOTUTCKE
rHajceBe, KBapLUTe U KaJIK-CUJIUKAaTHE CTEeHE, Koje
YyHe jy>KHU Jeo CAvBa. 3amaJiHU Jeo MoApyyja
MoKa3yje KapaKTepUCTUYHE reoJI0LIKe 0COOEHOCTH,
ca JABe pasJMuUTe, UCTAaKHyTe Ipyle TrHajceBa:
XOpHO6J/1IeH1a-6HOTUTCKE U OPTOIMMPOKCEH-OMOTUTCKE
rHajceBe, IpY YyeMy je IpBU 6oraT ca KBapLoM, a
Ipyru ¢engcnatoM. C Apyre cTpaHe, UCTOYHHU €0
CJIMBAa Ce CacTOju Of THajceBa Ca XeTeporeHo
pacniopeheHUM KBapL,oM U CEPHjOM KaJIK-CUJIMKAT-
HUX CTeHa.

CefMMeHTH pedyHOT KopuTa peke Vaigai Boze
MOPEKJIO U3 peYHe J0JIMHE, a KallaLUTeT CUcTeMa 3a
TPaAHCHOPT U COPTUPaKE 6HO je caab u PyHKLHO-
HHUCao je epHUKACHO CaMO TOKOM MOHCYHCKUX eKCTpe-
MeHUx yciaoBa. OBo je moBesio 0 caabe W jacHO
yO4YJbHBe pasjiuKe y MopdOJIOTHjU 3pHA HA HUBOY
cvBa. cTopujcKo-apxeoJIoIKO aHTPOIIOTeHO Hace-
JbaBame, IpOMeHa yrnoTpede 3eM/bUILTA U IPOMEH-
JbUBU KJINMAaTCKH YCJIOBU MOIJIH Cy JONPUHETH OBUM
KapaKTepuCTHKaMa cefjuMeHaTa. TEKTOHCKHU U KJIU-
MaTCKU YCJIOBH, TPEHYTHe NpPOMeHe y yInoTpe6u
3eMJbHULITA K aHTPOIIOT€HU YTUIIA] HA PeYHU CUCTEM
JI0BO/le [10 O/ICTYIakba Y TEKCTYPHUM IapaMeTpruMa,
pacnojiesid TeIWKUX MHHepasa UTA. [Ipucyctso
TeIKUX MUHepaJia yKa3yje Ha aHTPOINOreH! YTUIIA]
Ha [PUPOJIHU PEYHU CHUCTEM, IOPEKJIO MaTepHjaa,
pefileno3uLMjy CTapUjux cefuMMeHaTa U IMPUJIUB
MaTepHjajia y ce[JUMeHTe pedyHor koputa. Mehy 53
y30pKa Koju cy obpaheHU 3a cemapanujy TEUIKHUX
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MHUHepaJsa, caMmo 38 y30paka je caZip:ajio TellKe
MuHepaJie. [lojeqrHayHa 3pHA Cy 6pojaHa Kako 6U ce
HCTPaXKUJa 3aCTyIJb€HOCT MUHepasa, a 3aTUM je
M3padyHaT NpOoIleHAT TEeUIKUX MHUHepasa. [Ipeno-
3HATH TELIKH MUHEPAIH Cy XOPHOJIEH/a, IUPKOH,
MarHeTHUT, aHJAQ/Iy3UT, GUOTHUT, TYPMAJIMH, KHjaHUT,
MYCKOBHT, ayT'UT, pyTHWJI, 6Jieo cMehu xunepcTeH,
WJIMEHUT, cHeH, CUIMMAHUT, CTAyPOJIUT, E€NUJOT,
JINMOHHUT, MOHAL[UT W Pa3JIMYUTE BPCTe TPaHATAa,
YKJby4yjyhu ajMaHZWH, THUPOI, CIECAPTHH U TPO-
cynap. Mako cactaB TelIKUX MUHepasia U3 y3opaka
ceZlMMeHaTa pe4Hor KOpUTa NoKasyje CIMYHOCTH ca
JINTOJIOLIKUM CacTaBOM CJIMBa, HeJoCTaTak JAedu-
HUTHUBHE W/WIM 3HA4YajHe NMOBE3aHOCTH, Y KOMOU-
Hall1ju ca ONIUTUM MOPACTOM 3a06/beHOCTH 3pHA
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TeLIKUX MUHEepaJia, MOXe ce TYMAYUTH Kao pe3y/aTaT
pezienosuuyje ceiIMMeHaTa, IITO 64 3ay3BpaT MOIJIO
OWUTH I0BE3AHO Ca CMalkeHHUM yTHIajeM TOKa peKe —
C1abUM MeXaHU3MOM TPaHCIOpTa ceuMeHaTa UTH.
UcTpaxkrBame je Takohe JJOKYMEHTOBAJIO IpoMe-
HbMBY IPUPOJY PEYHOT CUCTEMA KOjU je HACe/beH joL
O/ IPAaUCTOPHjCKUX BpeMeHa U KOjH je o[ yTULdjeM
aHTponoreHux GpakTopa M KJIUMATCKHUX MPOMEH],
LITO je 3ay3BpaT pe3y/ITUPaJio lberOBUM pasIUuyu-
THUM TEKCTYPHHUM KapaKTepUCTUKaMa U pacrnoiesioM
TEeLIKUX MUHepaJIa.

Manuscript received October 12, 2024
Revised manuscript accepted January 24, 2025

Geol. an. Balk. poluos., 2025, 86 (1),145-170



