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ABSTRACT

A geochemical study of surface sediment samples distributed in the Noyyal River basin in 
western Tamil Nadu was conducted for major oxides, parent rock source, and the extent of 
weathering. The Al2O3/TiO2 ratio of the samples ranged from (4.5–18) during monsoon and 
(3.94–32.14) during summer and fell in the category of mafic and intermediate igneous rocks 
during both seasons. The samples exhibited PIA with an average value of 64.80 during mon-
soon and 66.36 during summer. CIA values of the samples averaged 61.48 during monsoon 
and 62.35 during summer. The CIA vs. PIA, CIA vs. K/Na, and CIA vs. Al/Na for the studied 
samples for both seasons show low to intermediate silicate weathering in almost all locations. 
ICV values of samples averaged 5.1 during monsoon and 5.8 during summer suggesting that 
rock-forming minerals like plagioclase and alkali-feldspar are more prevalent and fewer clay 
minerals are present. The A-CN-K plot shows the weathering tendency towards muscovite 
and illite, and the A-C-N plot shows the parent rocks' plagioclases are low to intermediately 
weathered and the sediments gradually reduce albite and are enriched in weathering of anor-
thite parent material. The A-CNK-FM shows all the sediment samples lying below the feldspar 
region, indicating garnet and biotite presence.

INTRODUCTION

Rivers carry and deposit sediments from various sourc-
es, including geological formations that weather under 
various climatic and physiographic conditions [1]. The 
geochemistry of sediments relates to studying the chem-
ical content, distribution, and processes that impact sed-
iments. Numerous variables, such as the composition of 
the provenance, the temperature, the duration and energy 
of sediment movement, and the redox conditions in the 
depositional environment, have a significant impact on 
the geochemical composition of sediments [2]. Several 
factors, including the lithology of the watershed region, 

the temperature, the terrain, the flora, and the land use of 
the watershed region, all enhance the geochemistry of riv-
er sediments [3]. The sediment composition is also affect-
ed by the meteorological conditions that lead to weather-
ing and erosion [4]. The physical and chemical weathering 
of the parent rocks influences river-borne sediments' tex-
ture, mineralogy, and geochemistry. Clay minerals like 
kaolinite and smectite are produced by varying degrees 
of chemical weathering, while sediments dominated by 
gibbsite and kaolinite are produced by strong chemical 
weathering. Sediments with illite and chlorite predomi-
nate result from physical weathering [1].
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Precipitation and co-precipitation, adsorption on Fe, Mn 
oxides, Al-hydroxides (gibbsite), kaolinite, organic matter 
surfaces, and human activities are other factors that impact 
trace elements [5]. Strong chemical weathering attaches 
cations like Cs, Ba, and Rb to the weathering profile and by 
adsorption onto clays, selectively removes cations like Ca, 
Na, and Sr from the weathering profile [6]. Clays and heavy 
minerals have higher concentrations of trace elements than 
silts and sands [7]. Elements usually appear in sediments 
as phosphates, hydroxides, carbonates, silicates, sulfides, 
sulfates, coupled ions, organometallic compounds, and ox-
ides [8]. Applying chemical weathering indices reflects the 
strength of chemical weathering processes and quantifies 
the extent of soil and river sediment depletion in mobile vs 
immobile components as a result of weathering [9]. Chem-
ical weathering indices, also known as indicators of mod-
ification, are often used to describe weathering profiles. 
Chemical weathering indices condense a sample's overall 
main element oxide chemistry into a single value. 

Noyyal River in the southwest region of Tamil Nadu originates 
from the Velliangiri mountain ranges and is a major tributary 
of the Cauvery River. It flows through several villages in the 
districts of Karur, Tirupur, Erode, and Coimbatore before 
joining the Cauvery River near Noyyal in the Karur district 
(Fig. 1) [10]. The 180 km long river basin has a total area of 
3,500 sq. km. The watershed has an agricultural area of 1,800 
sq. km, and its populations in urban and rural areas are 1000 
and 120 people per sq. km [10]. Rainfall in the basin varies 

greatly throughout the year; during the southwest monsoon, it 
receives over 3000 mm of intense rain, while during the north-
east monsoon, it receives 600 mm. Pre-monsoon precipitation 
averages between 100 and 300 mm in April and May [10]. The 
geological formations of the Noyyal River basin include a wide 
range, from the ancient Archean crystalline rocks to the more 
recent alluvium deposits. Colluvial formations are seen on the 
western edge of the Coimbatore district [11]. The Noyyal ba-
sin has various soil types, ranging from shallow red non-cal-
careous soils to deep grey calcareous soils [12]. Basic and 
ultra-mafic rocks, garnet-sillimanite graphite gneiss, granite, 
charnockite, fissile hornblende biotite gneiss, and hornblende 
biotite gneiss cover the Noyyal River basin [13]. In the basin, 
there is a lack of knowledge on the features of the sediments, 
the weathering, and the origin of the surface sediments. Hence 
this study will aid in understanding the sediment geochemis-
try of the basin. Therefore the objective of the study is to pro-
vide an interpretation of the principal oxides geochemistry, 
the degree of weathering, and the provenance of the surface 
sediments in the basin of the Noyyal River.

MATERIALS AND METHODOLOGY

Sampling and Analysis
When selecting the sample areas, consideration was given 
to the industrial activity and land use along the river. These 
sample locations were chosen according to the area type (ur-
ban/ rural). A total of 20 sediment samples, 10 during mon-
soon (November 2021) (Fig. 1) and 10 during summer (May 

Figure 1. Study area and Sediment sample location (monsoon and summer).
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2022) (Fig. 1), were collected using a shovel from the Noyyal 
River basin. At each sampling location, ~1kg of sediment 
samples were obtained from a depth of 5cm by removing the 
top layer with the shovel and stored in zip-lock bags at 4°C 
in the laboratory until further analysis. For analysis, 0.5g of 
sediment sample was digested in a mixture of concentrat-
ed HNO3 and HCl (5:2, v:v) using a Microwave-assisted 
extraction/digestion for soil/sediment (CEM MARS 6) re-
action system. The major elements were analyzed using In-
ductively Coupled Plasma – Optical Emission Spectroscopy 
(ICP-OES) (Make: Thermo Fisher Scientific, USA) (Model: 
iCAP 7400 Duo). Analysis was repeated thrice with an aver-
age error percentage of less than 1% was considered.

Determination of Weathering Intensity
The assessment of weathering intensity in sediments often 
relies on widely employed weathering indices, including 
the Plagioclase Index of Alteration (PIA), Chemical Index 
of Alteration (CIA), and Index of Compositional Varia-
tion (ICV). These indices play a pivotal role in character-
izing the extent of weathering and are particularly essen-
tial in determining the nature of lithological changes in 
sediments [14].

The extent of weathering in the source rock is often mea-
sured using PIA values [15]. The PIA can be computed us-
ing Eq.1 [14, 15].

 (1)

Plagioclase and K-feldspars' gradual alteration to clay min-
erals may be quantified using the CIA [16]. The CIA can be 
computed using Eq.2 [14, 16].

 
(2)

ICV suggested by Cox et al. [17], can be used to calculate 
the chemical composition of the sample's non-quartz com-
ponents using Eq.3 [18].

 (3)

RESULTS AND DISCUSSION

Major Oxides Geochemistry
This study analyzed major elements (Ti, Al, Fe, Mg, Mn, 
Ca, Na, and K) and represented them as ppm in Tables 1, 2. 
The significant oxides in the sediment sample compositions 

Figure 2. Al2O3 (wt%) and TiO2 (wt%) ratio of the study area (a) monsoon and (b) summer.

(a) (b)

Table 1. Major elements of monsoon samples (ppm)

Name Ti Al Fe Mg Mn Ca Na K

Sadivayal 2090.23 9238.89 32452.01 9229.28 206.78 4801.93 159.82 3478.10

Alandurai 1288.92 7203.48 33596.01 5101.04 278.73 2424.60 8.54 1899.73

Sulur Stream 998.13 11823.19 46170.78 13197.64 498.46 5625.00 239.82 2937.21

Samalpuram Lake 2040.71 8183.77 39949.88 27585.79 258.01 4283.85 171.44 3223.42

Moolikulam 679.53 10495.65 38703.93 7818.81 357.30 4111.15 105.73 2102.67

Kodumanal 1918.44 11072.31 48298.01 13955.53 332.33 5625.00 959.11 4170.25

Kuppuchipalayam 810.11 10137.44 29443.03 11790.01 355.02 4673.33 1193.04 2251.38

Orathupalayam Dam 457.23 5688.40 21047.97 9120.58 556.95 5921.00 265.59 1171.18

Kodumudi 905.44 9765.59 34298.31 10108.69 462.70 5406.44 203.82 1686.72

Noyyal 486.53 3278.83 19924.56 4883.14 127.12 4321.00 157.96 668.46
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are listed in Tables 3, 4. The calculated concentration is giv-
en as wt%. The major oxides (%) during monsoon consists 
of TiO2 (0.08–0.35), Al2O3 (0.62–2.23), Fe2O3 (2.85–6.91), 
MgO (0.81–4.57), MnO (0.02–0.07), CaO (0.34–0.83), 
Na2O (0.001–0.16), K2O (0.08–0.50), and during summer 
TiO2 (0.07–0.42), Al2O3 (0.36–2.69), Fe2O3 (2.99–6.34), 
MgO (0.53–2.72), MnO (0.01–0.06), CaO (0.20–0.84), 
Na2O (0.01–0.06), and K2O (0.09–0.52). Due to chemical 

weathering that occurred during the transit of clastic mate-
rial, Ca2+, Na+, and K+ ions were lost, as shown by the low 
amounts of CaO, Na2O, and K2O in the samples.

The K2O/Al2O3 ratio is a useful indicator for determining the 
amount of clay and feldspar in the siliciclastic sample [19]. The 
K2O/Al2O3 ratio ranges from 0.16 to 0.31 for clay minerals and 
from 0.3 to 0.9 for feldspar [17]. In the present study, the silici-
clastic sediments have a higher value of K2O/Al2O3 which rang-

Table 2. Major elements of summer samples (ppm)

Name Ti Al Fe Mg Mn Ca Na K

Sadivayal 1197.17 5906.08 23663.62 4247.41 236.59 2836.67 137.78 1585.32

Alandurai 389.86 11889.21 38471.38 5553.56 374.67 3844.00 199.55 1799.57

Kuniyamuthur Anaicut 1313.33 9775.39 34532.62 5992.21 312.79 2741.37 309.35 2112.96

Perur Lake 470.95 1924.38 20929.23 3225.83 163.69 4481.13 290.88 717.42

Vellalore Lake 1870.82 6434.34 32626.02 10988.59 253.77 5632.00 266.81 2857.75

Sulur Stream 2101.67 8070.52 40666.00 16384.57 165.19 5982.00 432.03 2482.11

Samalpuram Lake 2530.42 11062.16 33329.15 6932.39 427.12 1443.96 51.07 4319.05

Moolikulam 499.68 8845.35 37068.61 6301.31 106.99 2208.90 146.48 1937.76

Koolipalayam Reservoir 1668.48 14214.82 44366.55 16159.83 311.43 5485.00 367.89 3661.48

Palayakottai 704.19 3180.26 29336.92 6445.71 255.33 2358.00 411.91 924.01

Table 3. Major oxide (wt%) and weathering indices of monsoon samples

Location TiO2 Al2O3 Fe2O3 MgO MnO CaO Na2O K2O CIA PIA ICV

Sadivayal 0.35 1.75 4.64 1.53 0.03 0.67 0.02 0.42 61.08 65.67 4.39

Alandurai 0.22 1.36 4.80 0.85 0.04 0.34 0.00 0.23 70.51 76.89 4.75

Sulur Stream 0.17 2.23 6.60 2.19 0.06 0.79 0.03 0.35 65.57 69.65 4.56

Samalpuram Lake 0.34 1.55 5.71 4.57 0.03 0.60 0.02 0.39 60.47 65.04 7.55

Moolikulam 0.11 1.98 5.53 1.30 0.05 0.58 0.01 0.25 70.18 74.58 3.95

Kodumanal 0.32 2.09 6.91 2.31 0.04 0.79 0.13 0.50 59.59 63.44 5.26

Kuppuchipalayam 0.14 1.92 4.21 1.96 0.05 0.65 0.16 0.27 63.82 66.87 3.88

Orathupalayam Dam 0.08 1.07 3.01 1.51 0.07 0.83 0.04 0.14 51.67 51.93 5.28

Kodumudi 0.15 1.85 4.90 1.68 0.06 0.76 0.03 0.20 65.15 67.69 4.22

Noyyal 0.08 0.62 2.85 0.81 0.02 0.60 0.02 0.08 46.72 46.27 7.20

Table 4. Major oxide (wt%) and weathering indices of summer samples

Location TiO2 Al2O3 Fe2O3 MgO MnO CaO Na2O K2O CIA PIA ICV

Sadivayal 0.20 1.12 3.38 0.70 0.03 0.40 0.02 0.19 64.79 69.00 4.41

Alandurai 0.07 2.25 5.50 0.92 0.05 0.54 0.03 0.22 74.19 78.23 3.26

Kuniyamuthur Anaicut 0.22 1.85 4.94 0.99 0.04 0.38 0.04 0.25 73.10 78.92 3.72

Perur Lake 0.08 0.36 2.99 0.53 0.02 0.63 0.04 0.09 32.57 29.38 12.04

Vellalore Lake 0.31 1.22 4.66 1.82 0.03 0.79 0.04 0.34 51.00 51.40 6.58

Sulur Stream 0.35 1.52 5.81 2.72 0.02 0.84 0.06 0.30 56.08 57.79 6.62

Samalpuram Lake 0.42 2.09 4.77 1.15 0.06 0.20 0.01 0.52 74.14 88.26 3.41

Moolikulam 0.08 1.67 5.30 1.04 0.01 0.31 0.02 0.23 74.83 81.39 4.19

Koolipalayam Reservoir 0.28 2.69 6.34 2.68 0.04 0.77 0.05 0.44 68.10 73.32 3.95

Palayakottai 0.12 0.60 4.19 1.07 0.03 0.33 0.06 0.11 54.74 55.95 9.84
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es between 0.11–0.24 during monsoon and 0.10–0.28 during 
summer suggesting that most of the sediments contain more 
clay minerals that range from 0.16 to 0.31 due to consequences 
of intense weathering in a warm and humid climate [19].

Parent Rock Type
A stable composition allows for the preservation of both 
Al and Ti throughout the weathering process of the par-

ent rock. As a result, the ratios of Al2O3/TiO2 are typically 
constant with the parent rocks [20]. Al2O3/TiO2 >21 de-
notes felsic rocks, Al2O3/TiO2 in the range of 8–21 shows 
intermediate igneous rocks, and Al2O3/TiO2 <8 suggests 
mafic rocks, according to the threshold established by the 
ratios of Al2O3/TiO2 [21]. The Al2O3/TiO2 ratio of the sam-
ple locations ranged from (4.5–18) during monsoon with 
an average of 10.06 and (3.94–32.14) during summer with 

Figure 3. (i) The plot of the CIA against PIA (a) monsoon and (b) summer; (ii) The binary plot of CIA against K/Na (a) monsoon 
and (b) summer; (iii) The binary plot of CIA against Al/Na (a) monsoon and (b) summer.

(a) (b)

(i)

(ii)

(iii)

(i)

(ii)

(iii)
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an average of 9.94. Most of the samples were mafic and 
intermediate igneous rocks during both seasons (Fig. 2). 
Intermediate igneous rocks are formed when magma with 
moderate silica cools and solidifies. This magma is formed 
by a variety of processes occurring inside the Earth, in-
cluding partial melting, fractional crystallization, and the 
mixing of different magmas [22]. Mafic rocks are the result 
of the process of magma cooling and solidifying, which 
occurs when the magma contains a significant amount of 
magnesium and iron. Mafic magma could form through 
two primary mechanisms; Partial melting and fractional 
crystallization [23].

Paleo Weathering
The highest PIA value (100) denotes entirely altered ma-
terials like kaolinite and gibbsite and unweathered pla-
gioclase is indicated when 50% of the maximum PIA val-
ue is reached [14]. The samples exhibit the range of PIA 
values from 46.27–76.89 with an average value of 64.80 
during monsoon and 29.38–88.26 with an average value 
of 66.36 during summer, illustrating the weathering char-
acteristics of the parent rocks. Sediment CIA values are 
a vital measure of the degree of weathering in the prov-
enance. CIA of fresh feldspar and unweathered igneous 
rocks typically fall within the range of 40 to 50, and resid-
ual rocks that have been significantly affected by weather-
ing have values that are more proximate to 100 [16]. CIA 
values of the samples ranged from 46.72–70.51 with an 
average value of 61.48 during monsoon and 32.57–74.83 
with an average value of 62.35 during summer is seen as 
a representation of low to intermediate degree of weath-
ering (Fig. 3i). PIA and CIA assess the contrast between 
weathering occurring in the origin and distant transpor-
tation. Despite experiencing some degree of weathering at 
the origin, the sediments may not have traveled a signifi-
cant distance before being deposited [24]. The CIA vs. K/
Na (Fig. 3ii) and CIA vs. Al/Na (Fig. 3iii) for the studied 
samples for both seasons show low to intermediate silicate 
weathering in almost all locations.

ICV values below 1 signify a higher proportion of clay min-
erals. Conversely, values exceeding 1 show the existence of 
minerals found in rocks, such as plagioclase, alkali-feld-
spar, and pyroxenes [17]. ICV values of samples ranged 
from 4.39–7.55 with an average value of 5.10 during mon-
soon and 3.26–12.04 with an average value of 5.80 during 
summer (Table 2a, b). The average ICV score suggests that 
rock-forming minerals like plagioclase and alkali-feldspar 
are more prevalent and fewer clay minerals are present. This 
is due to the geology of the region which is dominated by 
ultramafic rocks and also gneiss and granite [13].

The A-CN-K plot (Al2O3-(CaO* + Na2O)-K2O) is a depend-
able measure for evaluating weathering patterns [25]. The 
weathering tendency tends to be around the A-vertex and 
toward muscovite and illite (Fig. 4) due to the metasoma-
tism of potassium [15]. The increased concentrations of 
Al2O3 and Fe2O3 in all the samples indicate the existence of 
aluminum silicate minerals such as muscovite [26]. Nearly 
every sample in the core of the A–CN–K ternary diagram is 
above the feldspar join line, indicating plagioclase with CIA 
values ranging from (46–70) during monsoon and (32–74) 
during summer. The CIA values were >50 (UCC ~50) in 
almost all samples indicating low to moderate chemical 
weathering.

The A-C-N diagram was used to depict the molar propor-
tions of (Al2O3-K2O), CaO*, and Na2O to observe the pla-
gioclase weathering pattern in the sediments. All samples 
in the (A–C–N) triangle plot have a distribution field close 
to the A apex, which may be due to the impact of signifi-
cant weathering. The majority of the sediments in the study 
show a single line for the plagioclase weathering trend, in-
dicating that the parent rocks' plagioclases are low to inter-
mediately weathered. The sediments display a linear trend 
with high CaO values and are enriched in Al2O3 suggesting 
that the sediments gradually reduce albite and are enriched 
in the weathering of anorthite parent material (Fig. 5). The 
PIA values of the sediment samples ranged from (46–77) 
during monsoon and (29–88) during summer. 

Figure 4. A-CN-K ternary diagram of the study area (a) monsoon and (b) summer.

(a) (a)
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In the A-CNK-FM (Al2O3 - (CaO + Na2O + K2O) - 
(Fe2O3 + MgO)) diagram all the sediment samples lie 
below the feldspar region indicating the presence of gar-
net and biotite in the study area (Fig. 6). Gneiss domi-
nates the Noyyal basin's subsurface, reaching its maxi-
mum in the center. The southern and southeast regions 
of Noyyal are home to charnockite and on the eastern 
edge basic rock are found. Patches of pink granite may 
be observed in the western, southwestern, and south-
east sections. The basin is also encompassed by several 
types of rocks, including basic and ultra-mafic rocks, 
garnet-sillimanite graphite gneiss, granite, charnockite, 
fissile hornblende biotite gneiss, and hornblende bio-
tite gneiss [13]. The A-CNK-FM diagram provides ev-
idence of the existence of these minerals in the studied 
sediment samples indicating that the underlying rock 
formations are mostly composed of igneous and meta-
morphic rocks.

CONCLUSION

The surface sediment of the Noyyal River basin was geo-
chemically analyzed to understand the major oxide geo-
chemistry, weathering intensity, and provenance. Based 
on the findings and the subsequent discussion of the cur-
rent study, the following conclusions may be drawn:

• Major element data suggests that the major sources of 
sediments were mafic and intermediate igneous rocks.

• The CIA and PIA values, CIA and K/Na values, and the 
sediments' CIA and Al/Na values suggest low to inter-
mediate silicate weathering in the sample locations. 

• The average ICV score suggests that rock-forming min-
erals like plagioclase and alkali-feldspar are more prev-
alent and fewer clay minerals are present.

• The A-CN-K plot shows that the weathering tendency 
tends to be around the A-vertex and toward muscovite 

Figure 6. A-CNK-FM ternary diagram of the study area (a) monsoon and (b) summer.

(a) (a)

Figure 5. A-C-N ternary diagram of the study area (a) monsoon and (b) summer.

(a) (a)
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and illite. All the samples are above the feldspar join 
line, indicating plagioclase with CIA values >50.

• The A-C-N plot shows a single line for the plagioclase 
weathering trend, indicating that the parent rocks' 
plagioclases are low to intermediately weathered. The 
sediments display a linear trend with high CaO values 
and are enriched in Al2O3 suggesting that the sediments 
gradually reduce albite and are enriched in the weather-
ing of anorthite parent material 

• The A-CNK-FM shows all the sediment samples lie be-
low the feldspar region indicating the presence of gar-
net and biotite and provides evidence of the existence 
of these minerals indicating that the underlying rock 
formations are mostly composed of igneous and meta-
morphic rocks.

The Noyyal River basin illustrates the intricate interaction 
between natural and human-induced processes that con-
trol the mobility and accumulation of surface material. The 
transportation of surface material in the Noyyal River basin 
from its provenance to its sink is an intricate process that is 
affected by geological, hydrological, land use, climate, and 
human variables. Comprehending this process is crucial for 
efficient river basin management and reducing the conse-
quences of sediment-related problems such as inundation, 
deterioration of water quality, and accumulation of sedi-
ment in reservoirs.

ACKNOWLEDGEMENTS
Augustine Crispin thanks the Management and Dean 
(CET), SRM Institute of Science and Technology, Kat-
tankulathur, and Directorate of Research, SRMIST, for 
their financial support through a Doctoral Research 
Fellowship. Authors acknowledge Centre for Research 
in Environment, Sustainability Advocacy and Climate 
CHange (REACH), SRMIST, Kattankulathur. The authors 
also would like to acknowledge Central Research Facility 
IIT (ISM) – Dhanbad for providing the instrumentation 
facilities.

DATA AVAILABILITY STATEMENT
The author confirm that the data that supports the findings 
of this study are available within the article. Raw data that 
support the finding of this study are available from the cor-
responding author, upon reasonable request.

CONFLICT OF INTEREST
The author declared no potential conflicts of interest with 
respect to the research, authorship, and/or publication of 
this article.

USE OF AI FOR WRITING ASSISTANCE
Not declared.

ETHICS
There are no ethical issues with the publication of this man-
uscript.

REFERENCES

[1] S. S. Babu, V. P. Rao, N. Satyasree, R. V. Ramana, 
M. R. Mohan, and S. Sawant, "Mineralogy and geo-
chemistry of the sediments in rivers along the east 
coast of India: Inferences on weathering and prove-
nance," Journal of Earth System Science, Vol. 130(2), 
Article 60, 2021. [CrossRef]

[2] H. Dypvik, and N. B. Harris, "Geochemical facies 
analysis of fine-grained siliciclastics using Th/U, Zr/
Rb and (Zr+Rb)/Sr ratios," Chemical Geology, Vol. 
181, pp. 131-146, 2001. [CrossRef]

[3] I. A. Mir, A. A. Bhat, M. Sreeprabash, V. Sridhar, 
and K. V. Maruthi, "Surface sediment geochemis-
try for understanding the recent sedimentary en-
vironment in northwestern Karnataka, south In-
dia," Geosciences Journal, Vol. 26(6), pp. 669-683, 
2022. [CrossRef]

[4] J. N. Pattan, I. A. Mir, G. Parthiban, S. G. Kurapur-
kar, V. M. Matta, P. D. Naidu, and S. W. A. Naqvi, 
"Coupling between suboxic condition in sediments 
of the western Bay of Bengal and southwest mon-
soon intensification: A geochemical study," Chemi-
cal Geology, Vol. 343, pp. 55-66, 2013. [CrossRef]

[5] C. Maharana, D. Srivastava, and J. K. Tripathi, "Geo-
chemistry of sediments of the Peninsular rivers of 
the Ganga basin and its implication to weathering, 
sedimentary processes and provenance," Chemical 
Geology, Vol. 483, pp. 1-20, 2018. [CrossRef]

[6] M. Roddaz, J. Viers, S. Brusset, P. Baby, C. Bou-
cayrand, and G. Hérail, "Controls on weathering 
and provenance in the Amazonian foreland basin: 
Insights from major and trace element geochemistry 
of Neogene Amazonian sediments," Chemical Geol-
ogy, Vol. 226(1-2), pp. 31-65, 2006. [CrossRef]

[7] M. He, H. Zheng, P. D. Clift, R. Tada, W. Wu, and C. 
Luo, "Geochemistry of fine-grained sediments in the 
Yangtze River and the implications for provenance 
and chemical weathering in East Asia," Progress in 
Earth and Planetary Science, Vol. 2(1), Article 32, 
2015. [CrossRef]

[8] M. Subramanian, J. Muthumanickam, S. Karthikey-
an, V. Senapathi, P. M. Viswanathan, S. Sekar, and 
C. Sabarathinam, "Elemental geochemistry of sur-
face sediments from Manakudy estuary, south-west 
coast of India: Inferences to sources of elements and 
their accumulation," Geological Journal, Vol. 56(5), 
pp. 2360-2378, 2021. [CrossRef]

[9] W. Nadłonek, and I. Bojakowska, "Variability of 
chemical weathering indices in modern sediments 
of the vistula and odra rivers (Poland)," Applied 
Ecology and Environmental Research, Vol. 16(3), 
pp. 2453-2473, 2018. [CrossRef]

[10] A. Crispin, and P. Parthasarathy, "Seasonal influence 
on microplastics in the sediments of a non-perenni-
al river - Noyyal, Tamil Nadu, India," Environmen-
tal Science and Pollution Research, Vol. 30(43), pp. 
97712-97722, 2023. [CrossRef]

159 Environ Res Tec, Vol. 8, Issue. 1, pp. 152-160, March 2025

https://doi.org/10.1007/s12040-020-01551-5
https://doi.org/10.1016/S0009-2541(01)00278-9
https://doi.org/10.1007/s12303-022-0011-4
https://doi.org/10.1016/j.chemgeo.2013.02.011
https://doi.org/10.1016/j.chemgeo.2018.02.019
https://doi.org/10.1016/j.chemgeo.2005.08.010
https://doi.org/10.1186/s40645-015-0061-6
https://doi.org/10.1002/gj.4125
https://doi.org/10.15666/aeer/1603_24532473
https://doi.org/10.1007/s11356-023-29393-w


[11] K. P. Kom, B. Gurugnanam, and V. Sunitha, "De-
lineation of groundwater potential zones using GIS 
and AHP techniques in Coimbatore district, South 
India," International Journal of Energy and Water 
Resources, 2022. [CrossRef]

[12] B. Jay, and P. Arulraj, "A decision support system for 
identifying an optimal cropping pattern in noyyal 
river basin, Tamilnadu Energy Efficiency of Build-
ings View project Noyyal river basin View project," 
2010.

[13] D. Karunanidhi, P. Aravinthasamy, T. Subramani, 
R. Chandrajith, N. Janardhana Raju, and I. M. H. 
R. Antunes, "Provincial and seasonal influences on 
heavy metals in the Noyyal River of South India and 
their human health hazards," Environmental Re-
search, Vol. 204, 2022. [CrossRef]

[14] B. J. Saikia, S. R. Goswami, R. Borthakur, I. B. Roy, 
and R. R. Borah, "Spectroscopic Characterization 
and Quantitative Estimation of Natural Weathering 
of Silicates in Sediments of Dikrong River, India," 
Journal of Modern Physics, Vol. 06(11), pp. 1631-
1641, 2015. [CrossRef]

[15] C. M. Fedo, H. Wayne Nesbitt, and G. M. Young, 
"Unraveling the effects of potassium metasoma-
tism in sedimentary rocks and paleosols, with 
implications for paleoweathering conditions and 
provenance," Geology, Vol. 23(10), Article 921, 
1995. [CrossRef]

[16] H.W. Nesbitt and G.M. Young, "Early Proterozoic 
climates and plate motions inferred from major ele-
ment chemistry of lutites," Nature, Vol. 299, pp. 715-
717, 1982. [CrossRef]

[17] R. Cox, D. R. Lowe, and R. L. Cullers', "The influence 
of sediment recycling and basement composition on 
evolution of mudrock chemistry in the southwest-
ern United States," 1995. [CrossRef]

[18] R. L. Cullers and V. N. Podkovyrov, "The source 
and origin of terrigenous sedimentary rocks in the 
Mesoproterozoic Ui group, southeastern Russia," 
Precambrian Research, Vol. 117(3-4), pp. 157-183, 
2002. [CrossRef]

[19] R. K. Priya, V. C. Tewari, and R. K. Ranjan, "Per-

mo-Carboniferous Climate Change: Geochemical 
Evidences from Lower Gondwana Glacial Sedi-
ments, Rangit Valley, Sikkim Lesser Himalaya, In-
dia," Journal of Climate Change, Vol. 7(1), pp. 1-11, 
2021. [CrossRef]

[20] J. Li, H. Gui, L. Chen, P. Fang, G. Li, and R. Li, "Geo-
chemical characteristics, palaeoenvironment, and 
provenance of marine mudstone in Shanxi Forma-
tion of Huaibei Coalfield, southern North China 
Plate," Geological Journal, Vol. 56(6), pp. 3064-3080, 
2021. [CrossRef]

[21] K.-I. Hayashi, H. Fujisawa, H. D. Holland, and H. 
Ohmoto, "Geochemistry of ∼1.9 Ga sedimentary 
rocks from northeastern Labrador, Canada," Geo-
chimica et Cosmochimica Acta, Vol. 61(19), pp. 
4115-4137, 1997. [CrossRef]

[22] C. Annen, J. D. Blundy, and R. S. J. Sparks, "The 
genesis of intermediate and silicic magmas in deep 
crustal Hot Zones," Journal of Petrology, Vol. 47(3), 
pp. 505-539, 2006. [CrossRef]

[23] H. E. Huppert, R. Stephen, and J. Sparks, "Cooling 
and contamination of mafic and ultramafic magmas 
during ascent through continental crust," Earth and 
Planetary Science Letters, Vol. 74(4), pp. 371-386, 
1985. [CrossRef]

[24] P. D. Roy, M. Caballero, R. Lozano, and W. Smykatz-
Kloss, "Geochemistry of late quaternary sediments 
from Tecocomulco lake, central Mexico: Implication 
to chemical weathering and provenance," Chemie 
der Erde, Vol. 68(4), pp. 383-393, 2008. [CrossRef]

[25] J. E. Ogala, "Depositional conditions of the Upper 
Cretaceous shales from the Anambra Basin, SE Ni-
geria: Constraints from mineralogy and geochem-
istry," Journal of African Earth Sciences, Vol. 196, 
Article 104670, 2022. [CrossRef]

[26] R. K. Priya, V. Tewari, and R. Ranjan, "Geochemical 
and Petrological Studies of Permo-Carboniferous 
Sandstones from the Rangit Pebble-Slate Forma-
tion, Sikkim Lesser Himalaya, India: Implication 
for Provenance, Tectonic Setting, and Paleoclimate," 
Türkiye Jeoloji Bülteni / Geological Bulletin of Tur-
key, Vol. 64, pp. 129–142, 2020. [CrossRef]

Environ Res Tec, Vol. 8, Issue. 1, pp. 152-160, March 2025 160

https://doi.org/10.1007/s42108-022-00188-y
https://doi.org/10.1016/j.envres.2021.111998
https://doi.org/10.4236/jmp.2015.611164
https://doi.org/10.1130/0091-7613(1995)023<0921:UTEOPM>2.3.CO;2
https://doi.org/10.1038/299715a0
https://doi.org/10.1016/0016-7037(95)00185-9
https://doi.org/10.1016/S0301-9268(02)00079-7
https://doi.org/10.3233/JCC210001
https://doi.org/10.1002/gj.4092
https://doi.org/10.1016/S0016-7037(97)00214-7
https://doi.org/10.1093/petrology/egi084
https://doi.org/10.1016/S0012-821X(85)80009-1
https://doi.org/10.1016/j.chemer.2008.04.001
https://doi.org/10.1016/j.jafrearsci.2022.104670
https://doi.org/10.25288/tjb.731580

