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ABSTRACT 

The Schuppen Belt, a part of the Indo-Burma Ranges is basically comprised of molasses of Tertiary 

age. This tectono–stratigraphic belt is restricted by two major thrust faults, namely Disang and Naga. 

In the southern part of the Naga Hills a significant part is occupied by Surma–Tipam Transitional 

Sequences (STTS). This study deals with the petrography, provenance, and tectonic setting of the 

STTS sandstones. The sandstones are classified as arkose and arkosic wacke types. The major 

contribution of detritus has been observed from the recycled orogen, dissected arc, transitional 

continental and basement uplift. The geochemistry data reveals that the sandstones were derived from a 

collisional setting of an active continental margin. The low degree of chemical maturity indicates that the 

sandstones were deposited in an arid climatic condition. The diagenetic signatures observed in these 

sandstones such as, point, long and concavo-convex grain boundary, albitization, crushing and 

squashing of quartz grains, warping of mica around detrital grains, and bending of mica suggest early to 

a late stage deep burial diagenesis. 

 

KEYWORDS: Petrography, Provenance, Diagenesis, Tectonic setting, Surma-Tipam 

Transitional Sequences, Naga-Hills 

 

INTRODUCTION 
Naga Hills, the northern extension of 

Indo – Burma Wedge occupies a 

significant part of the Assam-Arakan 

Basin. Stratigraphically it consists of 

Tertiary sediments, Cretaceous 

Ophiolites, Precambrian metasediments 

and limestone clasts (Table 1). The 

region is divided into three 

morphotectonic belts having NE – SW 

trend, from east to west namely: 

Schuppen Belt, Inner Fold Belt, and 

Ophiolite Belt (Ghose et al. 1987). The 

Schuppen Belt is characterized by 

sediments ranging from Oligocene to 

Recent in age (Evans, 1964). The belt 

consists a narrow lineament of multiple 

thrust slices. Besides its two bounding 

thrusts i.e. Naga Thrust and Disang 

Thrust two other prominent thrusts of 

the belt are Chumliyanchen and 

Pephima. The Inner Fold Belt, bounded 

by Disang Thrust and Ophiolite Belt is 

characterized by Disang – Barail 

Transitional Sequence and Disang Group. 

This study is focused on the Neogene 

Surma – Tipam Transitional Sequences 

(STTS) exposed in the southwestern 

part of the Schuppen belt in the 

Dimapur District. The Surma – Tipam Transitional 

Sequence of the study area possess a 

heterogeneous lithology resembling both Surma 

and Tipam group of rocks (Borgohain & 

Pandey, 2016). The argillaceous lithology of 

TABLE 1:Tertiary succession of Nagaland (Modified after Mathur and Evans, 1964; 
DGM, 1978; Ghose et al., 2010). 

Age Group Lithology 

Outer and 
Intermediate Hills 

Eastern High Hills 

Recent - 
Pleistocene 

 Alluvium and high-
level terraces 

 

Dihing Boulder beds 

--------Unconformity-------- 

Mio-Pliocene Dupitila Namsang Beds  

--------Unconformity-------- 

 
Miocene 

Tipam Girujan Clay 
Tipam Sandstone 

 

Surma UpperBhuban/(STTS?) 
LowerBhuban 

 

 --------Unconformity-------- 

 
Oligocene 

 
Barail 

Renji Tikak 
Parbat 

Jopi / Phokphur 
FormationTuffaceous 
shale, sandstone, 
greywacke,grit and 
conglomerate. Minor 
limestoneand 
carbonaceous matter 

Jenam Baragolai 

Laisong Naogaon 

UpperCretaceous-
Eocene 

 
Disang 

Upper Shale/slate/phyllite 
with calcareous lenses 
in basal sections 

Lower Metamorphosed 
sediments with phyllite 

--------Fault/Thrust-------- 

https://doi.org/10.51710/jias.v40iII.304
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sequence becomes rich in 

arenaceous content incorporated 

to the younger arenaceous 

Tipam Sandstone Formation. 

The sequence offers a local 

gradational passage between 

Surma and Tipam group of 

rocks instead of representing a  

typical Bhuban Formation in the 

study area. 

 

The chemical composition 

of clastic sediments is a key to 

understand the provenance, 

tectonic setting, maturity, and 

weathering of the source region 

(Armstrong-Altrin et al., 2013; 

Basu, 2020). Numerous studies 

addressed the provenance of clastic 

sediments based on geochemistry data (Ramos-

Vázquez et al., 2017; Armstrong-Altrin et al., 2021, 

2022; Madhavaraju et al., 2021; Singh et al., 2023). 

The aim of this study is to infer the 

provenance, tectonic setting and diagenetic 

signatures of sandstones in the Surma – Tipam 

transitional sequences. This study investigated the 

maturity, provenance, transport processes and 

diagenetic history of sandstones. Composition of 

sandstones helps in deciphering the nature of 

petrographic province and tectonic regime that 

prevailed during sedimentation (Tawfik et al., 

2018).  It also explains the denudation history of 

sediments besides changes that occurred during its 

deposition. The present investigation is expected 

to help the ongoing research activities focusing on 

provenance studies. 

 

STUDY AREA 
The study area forms a part of the Belt of 

Schuppen that lies in the western margin of 

Nagaland (Fig 1 a). Besides well developed Surma –

Tipam Transitional Sequences (Fig. 2), Tipam 

Sandstone Formation of the Tipam Group of Rocks 

and Namsang Beds of the Dupitila Group are the 

major lithological units observed in the study area. 

The Naga thrust is the major structural feature that 

passes through the area.  

The area is bounded by the latitudes 

25
°
45´00´´N - 25

°
49´00´´N and longitudes 

93
°
46´00´´E - 93

°
50´00´´E of the topographic 

sheet no. 83G/13 of the Survey of India (Fig. 1 

b). It covers almost five km distance along the NH 

29 from Chumukedima town towards Kohima in 

Dimapur District.  

 

MATERIALS AND METHODS 

Twenty-four thin sections of 

representative sandstone samples from the  

Fig (1a). Morphotectonic belts of Naga Hills after 

Ghose et al. (1987) (b). Geological map of the Study 

Area showing sample locations 

 

Fig 2: Vertical Profile section showing STT Ssandstones 
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Neogene STTS were accomplished using 

Leica DM LP petrological microscope in the 

Department of Earth Science, Assam University, 

Silchar. The thin sections were prepared at the 

department of Geological Sciences, Gauhati 

University. Along with thin-section study modal 

analysis were also carried out. More than 400 

grains were counted in each thin section 

following Gazzi-Dickinson method (Table 2). The 

data on modal composition were recalculated to 

100% and the sandstones were classified by 

following the scheme suggested by Dott (1964) 

and Pettijohn et al. (1987). In this scheme quartz, 

feldspars and rock fragments are considered as 

the three poles of the triangle. The demarcation 

between arenite and wacke has been considered 

at 15% ( Pettijohn et al., 1987). In addition, the 

QtFL (total quartz-feldspar-lithic fragments) and 

QmFLt (monocrystalline quartz- feldspar-lithic 

fragments + polycrystalline quartz) diagrams of 

Dickinson et al. (1983) were used to discriminate 

tectonic provenance of the Neogene sandstones. 

To identify the heavy fractions in 

sandstones heavy mineral analysis was done by 

density separation technique suggested by Folk 

(1980) and Middleton (2003). Separation was 

done using the heavy liquid bromoform. 

X-ray fluorescence (XRF) spectrometry 

was employed to determine the major element 

compositions of the sandstones. Approximately 25 

gm of each powdered siliciclastic rock samples was 

analyzed using PANalytical AXIOS Sequential X-

ray Fluorescence Spectrometer and 

Bruker S4 Poinner Spectrometer at 

Sophisticated Analytical Instrument 

Facility (SAIF), Gauhati University and 

IIT Roorkee, respectively. 

 

RESULTS AND DISCUSSION 

PETROGRAPHY 
The framework grains of STTS 

are mainly composed of quartz, 

feldspars and rock fragments. Other 

minerals include muscovite, biotite, 

chlorite, glauconite and heavy minerals. 

The cementing materials are dominated 

by silica, iron - oxide and calcite (Table 

2). 

According to the classification 

scheme of Pettijohn et al. (1987), these 

sandstones dominantly represents arkose 

and arkosic wacke types (Fig. 3). 

Among the framework grains quartz is 

the most dominant variety. It includes 

monocrystalline undulatory non – 

undulatory, polycrystalline quartz grains.  

Feldspars are the second most 

dominating framework grains of STTS 

sandstones. Among feldspars, plagioclase 

dominates over k-feldspar. K-feldspars include 

orthoclase, microcline and sanidine. Orthoclase 

dominates over the others. Feldspars grains 

possess sub-rounded to angular outlines. Rock 

fragments are composed of all three varieties, i.e. 

sedimentary, metamorphic and igneous. Shale, 

siltstone and sandstones are the common varieties 

of sedimentary rock fragments. While physillite 

and volcanic rock fragment characterize the 

metamorphic and igneous varieties, respectively. 

Among micas muscovite and biotite are the 

dominating varieties. Some flakes of chlorite, 

glauconite and illite are also observed in fine-

grained samples. Matrix is mainly composed of 

TABLE 2: Modal composition of STTS sandstones; (Qmt: Monocrystalline quartz, 

Qpt: Polycrystalline quartz) 

Sample 
No 

Quartz Qmt Qpt Feldspar Mica Rock 
fragment 

Matrix Cement 

RP11 21.2 15.2 7 20.5 3 2.4 25.2 5 

RP12 30 21.2 8.8 20.1 7.5 2.1 12.9 20.5 

RP18 32.3 22.6 9.7 18.4 5.9 6.9 25 9.9 

RP19 33.6 24.3 9.3 15 13.4 7.7 6.1 23.5 

RP20 40.5 24.4 16.6 28.6 5.3 0.6 7.1 11 

RP21 25 10.8 14.2 15.2 9.2 5.1 30.2 15.3 

RP23 21.9 14 7.9 20.2 7.2 3.1 36.2 9.8 

RP24 24.7 14.6 10.1 21 6 5.3 27.5 15.5 

RP25 24.5 16.4 8.1 18.3 7.5 7 7.5 38 

RP26 34 29.3 4.7 15 3 5 2 40 

RP28 27.8 21 6.8 22 8.8 7.8 5.4 26.3 

RP29 37.1 25.8 11.3 24.7 6.47 8.07 9.07 16.5 

RP30 30.6 23.6 6.9 17.2 2.1 8.1 8.5 32.8 

RP31 30.6 19 11.6 28.1 6.6 13.2 6.6 13.2 

RP32 31.7 17.6 14.1 28.8 6.8 11.2 7.2 10.4 

RP33 31 19.8 11.2 28.1 6.1 12.8 6.7 13.4 

RP 34 33 19.5 13.5 26.1 8.3 10.6 6.1 14 

RP35 34.7 18 16.7 27.3 7.2 11.7 8.3 10.8 

RP36 31.9 19.7 11.3 28.5 8.2 11.4 7.9 12.1 

RP37 33.6 19.4 14.2 24.3 7.9 12.1 7.7 14.4 

RP38 30.7 16.2 14.5 28.2 6.7 12.8 6.8 14.8 

RP42 29.9 16 13.9 18.5 2.6 7.3 9.3 30.6 

RP45 29 21.2 7.8 21.1 8.5 8 11.9 21.5 

RP 46 30 21.7 8.3 20.4 9.1 6.2 12.1 22.2 

Fig 3: Classification of STTS sandstones after 

Pettijohn et al. (1987) 
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sericite and chert. Different types of grain contacts 

such as point, long, rare concavo–convex, sutured 

and isolated or floating grains of STTS sandstones 

depicts different degrees of compaction. 

 

TECTONIC PROVENANCE 
Petrographic and geochemistry data have 

been widely used in various studies to understand 

the nature of the tectonic provenance of clastic 

sediments and rocks (Verma and Armstrong-Altrin, 

2013, 2016; Verma et al., 2016; Bessa et al., 2021; 

Bela et al., 2023). In this study, both of the 

mentioned approaches have been utilized to 

understand the nature of the tectonic provenance of 

STTS sandstone. In order to interpret the tectonic 

setting of STTS, the triangular plots of QmFLt and 

QtFLt after Dickinson et al. (1983) and Dickinson 

and Suczek (1979) were used. On these diagrams 

the sandstones show a mixed contribution of 

dissected arc, basement uplift, transitional 

continental and recycle orogen, indicating an active 

tectonic setting in the source area (Fig 4). 

 

HEAVY MINERALS 

 

The nature of heavy mineral suites of 

STTS sandstones reflects intermingling of 

various provenance of the sedimentary sequence. 

The heavy mineral suite constitutes opaque and 

non – opaque varieties. Non – opaque varieties 

dominate over the opaque varieties. The 

percentage of opaque and non – opaque heavy 

minerals is graphically represented in Fig. 5 a. The 

opaque grains assumed to be iron oxide. The non–

opaque transparent varieties include tourmaline, 

rutile, zircon, kyanite, sillimanite, sphene, 

dolomite, hornblende, phlogopite, clinohumite, 

humite, chondrodite, scapolite, staurolite, 

cordierite, garnet, xenotime, vesuvianite, epidote, 

zoisite, clinozoisite, hedenbergite, apatite and 

chloritoid (Fig. 6). Among the non – opaque 

varieties zircon, tourmaline, rutile, garnet, 

staurolite, chondrodite, humite and epidote 

dominate over the others. Most of the 

zircon grains possess subhedral to rounded 

shape. Twinned staurolite and epidote 

grains are not common. Among the 

tourmaline varieties schorlite dominates 

over dravite. Anatase and brookite two 

varieties of rutile are also observed in 

studied STTS sandstones. Though most of 

the garnets are subhedral to rounded in 

shape, some fine-grained euhedral grains are 

also observed. 

 

MINERALOGICAL MATURITY 
The mineralogical maturity of 

sandstone can be depicted on the basis of 

the presence of stable and unstable 

constituents, i.e. increasing percentage of stable 

constituents such as quartz, chert etc. indicates 

higher degree mineralogical maturity and 

increasing percentage of unstable constituents such 

Fig 4: QtFLt and QmFLt after Dickinson and Suczek (1979) 

and Dickinson et al. (1983) showing the tectonic provenance 

of STTS sandstones. 

 

Fig 5 a: Graphical representation of heavy 

minerals distribution in the STTS sandstones (b): 

Graphical representation zircon tourmaline and 

rutile distributions in the STTS sandstones 
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a

s feldspars and rock fragments, suggesting lower 

degree of mineralogical maturity (Folk 1980). 

Besides these ZTR index of heavy minerals is 

also a good indicator of mineralogical maturity. 

The average ZTR index of STTS is found to be 

20.9 % depicting mineralogically an immature 

nature. The presence of higher percentage of 

feldspar and rock fragments of sandstone further 

supports the immature to sub-mature nature of the 

sandstones. 

 

PROVENANCE 

Heavy mineral constituents can lead us 

to understand the nature of the tectonic 

provenance of sandstones. On the basis of 

occurrences of heavy minerals in STTS, the 

following four assemblages are identified along 

with their source rock characteristics. 

(i) Humite – Clinohumite – Chondrodite – 

Phlogopite – Scapolite – Wollastonite – 

Sphene – Tourmaline (Dravite) –

Vesuvianite – Epidote – Brookite – Iron 

oxide, which characterizes a contact 

dolomitic marble and scarn source rocks. 

(ii) Zircon – Tourmaline (Schorlite) – Sphene – 

Apatite – Hornblende – Hedenbergite is an 

indicative of granite and granitoid sources. 

(iii)  Tourmaline (Schorlite) – Kyanite – 

Sillimanite – Staurolite – Hornblende – 

Hedenbergite – Rutile – Anatase – Garnet 

signifying a regionally metamorphosed 

source terrain. 

(iv) Tourmaline (Scorlite and Dravite) – Garnet – 

Xenotime indicates pegmatitic source. 

 

(v) Rounded reworked grains of Zircon – 

Tourmaline – Rutile – Dolomite etc. indicate 

a sedimentary source terrain. 

 

MAJOR ELEMENT CONCENTRATIONS  

A total of ten representing sandstone 

samples were analyzed for major element 

concentrations (Table 3). The SiO2 concentration 

of the sandstones varies between 38 and 68 wt. %, 

with an average of 58 wt. %. The SiO2/Al2O3 

ratio of STTS sandstone is relatively high. The 

lower level of chemical maturity of the sediments 

is reflected by the binary plot of 

Al2O3+K2O+Na2O against SiO2 (Suttner and 

Dutta, 1986). The major elements can provide 

information about the climatic condition that 

prevailed during the deposition of sediments. The 

bivariate plot of Al2O3+K2O+Na2O against SiO2 

suggest an arid climatic condition for the STTS 

sandstones (Fig. 7 a). 

Source 

rock composition 

has a significant 

contribution to the 

chemical attributes 

of clastic rocks. 

Besides this, 

secondary processes 

like chemical 

weathering and 

diagenesis of clastic rocks like sandstone; shale 

etc. also have an effect on the chemical 

composition. It is also influenced by the nature of 

sedimentary processes that prevail in the 

depositional basin and the nature of transporting 

processes that occur from the source region to the 

depositional basin (Dickinson and Suczek, 1979). 

The geochemical composition of clastic rocks is a 

function of provenance, weathering, transportation 

and diagenesis (Mustafa, R. K., and Tobia, 2020). 

Condie et al. (1992) attempted to decipher the 

provenance characteristics using geochemical 

attributes of sandstones. The tectonic environment 

and type of provenance also can be interpreted 

from the major element geochemistry of a clastic 

sediments (Armstrong-Altrin 2015; Migani et al. 

2015; Odoma et al. 2015; Zaid 2016, Kafy and 

Tobia, 2022). Accordingly, bivariate plot of Na2O 

against K2O after Crook (1974) suggests the 

derivation of STTS sandstones from a quartz rich 

TABLE 3:Major element concentrations of STTS sandstones (in wt. %) 

S No SiO2 Al2O3 Fe2O3 MnO MgO CaO Na2O K2O TiO2 P2O5 Total 

P4 68.61 13.7 4.91 0.04 3.240 2.15 1.71 2.94 0.60 0.14 98.04 

P5 49.45 6.28 3.10 0.10 2.605 14.3 1.48 1.49 0.56 0.16 79.525 

P6 38.08 6.79 5.17 0.15 2.689 20.1 1.21 2.20 0.39 0.23 77.009 

P7 64.55 9.72 4.26 0.03 3.540 1.72 1.75 2.09 0.56 0.15 88.37 

P8 65.16 9.99 4.61 0.04 3.849 2.01 1.74 2.10 0.58 0.16 90.239 

P9 51.29 9.28 7.22 0.05 4.156 2.47 1.44 1.61 0.69 0.15 78.356 

P10 64.63 10.2 4.27 0.04 1.978 0.93 1.75 2.24 0.52 0.15 86.708 

P14 72.49  8.48 5.86 0.08 0.50        2.76 2.20 2.30 0.70 0.14 93.21 

P15 72.40 13.01        4.45 0.07 0.60 1.84      2.17 2.13 0.45 0.16 97.28 

Fig 6: Different heavy minerals observed in STTS 

sandstones 
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source (Fig. 7 b). In order to discriminate 

provenance, Roser and Korsch (1988) diagram has 

been used (Fig. 7 c). This diagram was 

constructed based on two discriminant functions 

namely DF1 and DF2, where DF1 = ( 

1.773*TiO2) + (0.607*Al2O3) + (0.760*Fe2O3) + ( 

1.500*MgO) + (0.616*CaO) + (0.509*Na2O) + ( 

1.224*K2O) + ( 9.090) and DF2 = (0.445*TiO2) 

+ (0.070*Al2O3) + ( 0.250*Fe2O3) + ( 

1.142*MgO) + (0.438*CaO) + (1.475*Na2O) + 

(1.426*K2O) + ( 6.861). This diagram reveals 

mostly a quartzose sedimentary provenance for the 

studied sandstones.  

The major elements geochemistry of 

sandstones can elucidate the tectonic setting of a 

sedimentary basin (Crook, 1974; Middleton, 

1960). Siever (1979) and Roser and Korsch 

(1986) successfully related the proportion of 

detrital components to the bulk chemical 

composition of sedimentary suites that in turn 

reflect the tectonic setting of the basin. Bhatia 

(1983) developed a bivariate plot of 

Fe2O3+MgO versus K2O/Na2O wt. % to 

decipher the tectonic provenance of sandstones. 

Winchester and Max (1989) used the major 

elements as a geochemical tectonic indicator of 

immature sediments. However, in the present 

study, tectonic discrimination diagrams of Verma 

and Armstrong (2013) and Roser and Korsch 

(1986) are preferred to understand the tectonic 

provenance of the STTS sandstones. Since the 

adjusted concentrations of SiO2 is higher than 62 

wt.%, the high silica diagram of Verma and 

Armstrong (2013) is applied.  

The multidimensional plot for high-silica 

{(SiO2)adj = > 63% - ≤ 95%} clastic sediments of 

Verma and Armstrong(2013) involves two 

discriminant functions, i.e., DF1 and DF2, where 

DF1( Arc–Rift–Col ) m1 = (-0.263 x 

In(TiO2/SiO2)adj)+ (0.604 x In(Al2O3/SiO2)adj) + (-

1.725 x In(Fe2O3 
t/SiO2)adj)+ (0.660 x 

In(MnO/SiO2)adj)+ (2.191 x In(MgO/SiO2)adj) 

Fig 7(a): The bivariate plot of Al2O3+K2O+Na2O against SiO2 (Suttner and Dutta, 1986) suggesting an arid 

climatic condition forthe STTS sandstones, (b): Bivariate plot of Na2O against K2O after Crook (1974) 

suggests derivation of sediments from a quartz rich source, (c): Bivariate plot after Roser and Korsch (1988), 

(d): High-silica multidimensional diagram for the classification of tectonic settings (after Verma and 

Armstrong-Altrin, 2013), (e): Bivariate plot of K2O/Na2O vs. SiO2 (Roser and Korsch, 1986) suggests an 

active continental margin setting for the STTS sandstones. 
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+(0.144 x In(CaO/SiO2)adj)+ (-1.304 x In(Na2O/ 

SiO2)adj) + (0.054 x In(K2O/ SiO2)adj)+ (-0.330 x 

In(P2O5/ SiO2)adj) + 1.588 and DF2 (Arc-Rift-Col)m1=(-

1.196 x In(TiO2/SiO2)adj)+ (1.064 x 

In(Al2O3/SiO2)adj) + 0.303 x In(Fe2O3 
t/SiO2)adj)+ 

(0.436 x In(MnO/SiO2)adj)+ (0.838 x 

In(MgO/SiO2)adj) +(-0.407 x In(CaO/SiO2)adj)+ 

(1.021 x In(Na2O/ SiO2)adj) + (-1.706 x In(K2O/ 

SiO2)adj)+ (-0.126 x In(P2O5/SiO2)adj) – 1.068. The 

diagram reveals a collisional tectonic setting for the 

STTS sandstones (Fig. 7d). On the other hand, the 

K2O/Na2O vs. SiO2 plot of Roser and Korsch 

(1986) suggested an active continental margin for 

the sandstones (Fig. 7 e). 

 

DIAGENESIS 
A series of diagenetic signatures involving 

mineralogical and textural attributes are observed 

in STTS sequence of the study area. These 

diagenetic signatures are grouped into early, 

intermediate and late stages (deep burial diagenesis 

and incipient metamorphism after Borak and 

Friedman, 1981). Precipitation and deposition of 

cement (silica, calcium carbonate and iron) is one 

of the processes of early diagenetic changes (Fig. 

8 a). Replacement of silica cement (quartz 

overgrowth) by the carbonate cement was followed 

by iron - oxide precipitation depicting a typical 

order of cementation (Burley et al., 1985). The 

sedimentary sequences of the study area possess 

an eogenetic assemblage of authigenic carbonate, 

chlorite, glauconite, feldspar and quartz (Fig. 8 b 

and 8c). These authigenic growths are commonly 

seen on quartz and feldspars (Fig. 8 c). Sporadic 

occurrence of ‘quartz islands’ depict near complete 

replacement of quartz by matrix (Fig. 8 d). Presence 

of pseudo - matrix signifies post depositional 

degradation of feldspars (Fig. 8 d). On the other 

hand, presence of euhedral feldspars points either 

towards authigenic growth during deep burial 

phase or volcanic derivation (Fig. 8 d). 

Process of albitization is a common 

diagenetic phenomenon observed in STTS 

sandstones. It occurs along the plane of 

weakness through hydrous reaction in which An-

rich plagioclase is albitized first and followed by 

An-poor plagioclase (Ramseyer et al., 1992). 

Untwinned or slightly twinned cloudy feldspars 

(Fig. 8 d) in STTS sandstones bear small bleb 

like features that extinct differently than the 

grain. Such feldspar grains have been attributed 

to albitization process (Pittman, 1988). In addition, 

plagioclase grains showing discontinuous twin 

lamellae related to partial dissolution followed by 

authigenic albite infilling (Gold, 1987) resembling 

perthite texture. Presence of unaltered fresh 

plagioclase and albitized plagioclase in STTS is 

an indicator of albitization process. Nucleation of 

authigenic feldspar crystals on the surface of 

detrital feldspars and the recrystallization of 

detrital plagioclase feldspars could be the reason 

for albitization (Michalik, 1998). Dissolution and 

replacement of feldspars are the processes of 

formation of authigenic chlorite and glauconite 

which observed in some of the samples belonging 

to the lower part of the stratigraphic sequence. 

The authigenesis of chlorite could be the source 

of Fe cement. 

Presence of calcareous cement and 

carbonate rock fragments in STTS sandstones 

indicates a depositional setting above the 

Carbonate Compensation Depth (CCD). 

Fig 8 (a): Thin-section photograph showing typical 

order of cementation i.e. replacement of silica cement 

(red arrow) by the carbonate cement (CCa) which was 

followed by iron - oxide precipitation (CFe), (b): Thin-

section photograph showing authigenic growth of 

glauconite (red arrow) and chlorite (blue arrow) as 

cement types, (c): Thin-section photograph showing 

growth of neo-quartz (yellow circle marked), authigenic 

growth of albite (red arrow), perthitic texture due to 

albitization (blue arrow), (d): Thin-section photograph 

showing formation of quartz by thenear complete 

replacement of detrital quartz by matrix (red arrow), 

pseudomatrix (blue arrow), fracture in quartz (yellow 

arrow), (e): Thin-section photograph showing different 

grain contacts: sutured contact (red arrow), concavo-

convex contact (blue arrow), long contact (yellow 

arrow) and point contact (green arrow), (f): Kink 

bending and warping of mica around the detrital quartz 

grain 
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Devitrification of the volcanic glasses is considered 

to be one of the sources of authigenic quartz. 

Different phases of dissolution may have provided 

pore-waters with necessary components, which 

were essential for the authigenic growth of silica 

and carbonate phases (Merino, 1975 and Surdam & 

Boles, 1979). In the initial stage of burial, the 

diagenesis of detrital grains results changes in 

pore-water chemistry and the reaction of 

amorphous material and less stable detritus (Curtis, 

1978).  
The grain-to-grain boundaries of STTS 

sandstones (Fig. 8 e) show different stages of 

diagenesis. The concavo-convex and sutured grain-

to-grain boundaries are the result of intermediate 

burial diagenesis. In the intermediate stage of 

diagenesis the grain-to-grain interlocks are 

formed by the dissolution of silica at the point 

of grain contact. Taylor (1950) suggested that the 

point contacts of grains are the result of two 

operating processes – (i) solid flow and 

solution and (ii) redeposition (interstitial 

transport of dissolved material). The compound 

grains are the result of increasing intensity of 

diagenesis that leads to the imposition of self-

boundaries between two adjacent grains in close 

optical orientation (Dapples, 1979). The straight-

line grain boundaries are the result of mobility 

of constituent chemical components. Under the 

continuous process of dip burial diagenetic 

evolution, the three-dimensional network of these 

straight-line boundaries results in the formation of 

the triple-junctions (Ahmad et al., 2006). Features 

like fracturing of detrital quartz (Fig. 8 d), crushing 

and squashing of detrital grains, wrappings of 

mica flakes around quartz grains (Fig. 8 f), 

pressure solutions effect and matrix are some 

indicator of increasing depth of burial (Burley et al., 

1985). In addition, other signatures of deep burial 

diagenesis in the sediments of the study area 

include recrystallization / reconstitution of matrix 

and kink bending in mica (Fig. 8 f). 

Devitrification of volcanic glass leading to 

development of chert like microcrystalline 

aggregates, and alteration of volcanic glass into 

silica and clay minerals further indicate that the 

diagenetic processes possibly operated in a sealed 

environment (Pettijohn et al., 1987). 

 

CONCLUSION 
The STTS sandstones are very fine to 

medium- grained, sub- angular to angular, 

moderately to moderately well sorted. Dominating 

framework grains of these sandstones are quartz, 

feldspar, rock-fragments and micas. Different 

types of quartz that were found in STTS 

sandstones are polycrystalline undulatory, 

monocrystalline, recrystallized metamorphic and 

detrital quartz. The STTS sandstones are 

dominantly of arkose and arkosic wacke types. 

The mineralogical composition of 

sandstones reveals that their source being a 

mixed provenance including plutonic basement, 

granitic intrusive, sedimentary and 

metasedimentary rocks. Further this inference is 

supported by the different provenance 

discriminating plots based on major elemental 

data.  

Tectonic provenance discriminating 

diagrams (Qt-F-Lt and Qm-F-Lt) depict transitional 

continental, basement upliftment, dissected arc, 

and recycled orogen provenance. The tectonic 

discriminating plots using major elemental data 

reveals an active continental margin setting for the 

sandstones. A complex metamorphic basement 

and granitic intrusive sources, and an uplifted 

terrain like Mishimi Hills of Southern Himalaya 

and also Naga-Ophiolite Belt, Indo-Burma Range 

and prior to the Miocene sedimentary rocks of 

the region are considered as the most probable 

source rocks for STTS sandstones. 

Diagenetic signatures observed in STTS 

belong to three different stages of diagenesis i.e. 

early, intermediate and late stages. Different types 

of grain boundaries suggest the early cementation 

and less compaction of the sandstone. The 

cementation process of the sandstone appears to 

be initiated by Fe cementation followed by silica 

cement and in some of the samples it is further 

followed by the calcite crystallization. 

Precipitation and deposition of silica, 

epitaxial growth of mica around detrital quartz 

grains, near complete replacement of quartz by 

matrix and degradation of feldspars are some of 

the indications of early diagenetic changes of the 

STTS sandstone. Presence of euhedral authigenic 

albite represents albitization process that occurs 

during the burial diagenesis or intermediate stage 

of diagenesis. Kink bending of mica, warping of 

mica around quartz grains, crushing and squashing 

of detrital grains are indicative of deep burial 

diagenesis of sandstones. 
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ABSTRACT 

Sub-surface Kallankurichi gryphaea limestone formation is observed between Archaean 

and Quaternary outcrops.  Petrographic observation reveals that mega fossils are absent and it 

contains abundant skeletal fragments of pelecypods, gastropods, foraminifera, bryozoa, and 

symbiotic algae. X-ray diffraction (XRD) analyses reveal the mineralogical components of both 

carbonate and clay minerals. Carbonate minerals include calcite, siderite, witherite, malachite, 

smithsonite, and rhodochrosite. Clay minerals detected are kaolin, montmorillonite, and 

palygorskite. Major element composition represents predominance of CaO, SiO2, Al2O3, and Fe2O3 

oxides, while MgO, MnO, Na2O, K2O, TiO2, and P2O5 oxides are depleted. Statistical analyses of 

correlation coefficient, principal component analysis, and cluster analysis represent the 

geochemical affinities and aerial distribution similarities among major elements. Palaeoclimate 

inferred through biotic proxies, major element geochemistry, and clay minerals represents arid and 

semi-arid climate. 

 

KEYWORD: Kallankuruchi, Petrography, Major elements, XRD, Statistical analysis, 

Palaeoclimate,   

 

INTRODUCTION 

Marine transgressions of the Indo-Pacific 

Sea during the Upper Cretaceous period have 

occupied the continental area centered on Ariyalur 

town, Tamil Nadu, India. These transgressions and 

regressions have caused for the formation of 

Uttatur, Trichinopoly, Ariyalur, and Niniyur groups 

of various sedimentary rocks and the preservation 

of many marine invertebrate groups of fossils 

(Krishnan, 1982). Hence, this area has been 

reported as a Cretaceous fossil heritage site with a 

field museum or Cretaceous Park of Tamil Nadu 

(Udayanapillai et al., 2020). Numerous authors 

have focused their research on the Upper 

Cretaceous Formation of Trichinopoly in various 

aspects (Blanford, 1862; Krishnan, 1982; 

Ramasamy et al, 1991; Ayyasamy et al, 1992; 

Banerji, 1996; Govindan et al, 1996; Madhavaraju 

etal,1999, 2021; Sundaram Reddy A, N. et al,2013; 

Goswamy et al, 2013; Babu, 2017; Nagendra and 

Nallappareddy, 2017; Nagendra et al., 2011,2018; 

Ramkumar et al, 2018; Udayananpillai et al, 2020). 

Due to the widespread occurrence of Cretaceous 

limestone outcrops, many cement companies, like 

Dalmia, Chettinadu, Ramco, India cement, Gracim, 

Ultratech, Tancem, etc., have established their 

mining activities in and around the Ariyalur area. 

Kallankurichi is one of the important 

limestone formations in the Ariyalur stage or 

group. It occurs as a S-type outcrop that extends 

from Periakuruchi village in the north and 

Pudupalayam village in the south. The northern 

band of the Kallankurichi limestone formation 

occurs as a surface outcrop, whereas the southern 

band occurs as a subsurface outcrop. A faulted 

structure can be observed in the ‘S’ type band of 

Kallankurichi limestone formation from the 

Pudupalayam mine area. There are several 

limestone mines in the Kallankurichi formation. 

Figure 1. Location map of the study area 

https://doi.org/10.51710/jias.v40iII.309
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But still now no research has been carried out on 

the gryphaea limestone bed of the Pudupalayam 

Chettinadu mine, located in the terminal part of the 

Kallankurichi ‘S’ band limestone outcrop. In order 

to fulfil this gap, an attempt has been made to study 

the field observation, petrological observation, 

distribution of major elements, depositional 

environment and palaeoclimate 

 

STUDY AREA 

The area under investigation Pudupalayam 

Chettinadu limestone mine is located at 7 km from 

Ariyalur town, near the Ariyalur-Tiruchirappalli 

state highway. Proposed mine area lies at the 

latitude 11.10072° N and longitude 79.15059° E. 

The area has been well connected with Tanjore, 

Trichy, and Ariyalur town by state highway road 

networks. Physiography of the area is almost flat 

with an elevation range of 62 m above M.S.L. 

Coleroon and Maruthaiyar rivers are running from 

the southern side to the study area (Fig. 1) 

 

GEOLOGICAL SETTING 

The geological outcrop map of Ariyalur 

district (Nagendra et al., 2011) is shown in (Fig. 2). 

Post-Archaean/Archaean hard basement rocks 

consist of granite, granitic gneiss, and charnockite. 

The basement rocks are unconformably overlain 

either by the Upper Gondwana Formation or 

directly rest on Upper Cretaceous group of rocks 

which consist of Uttatur, Trichinopoly, Ariyalur, 

and Niniyur stages (Krishnan, 1982). Later, over all 

established entire sequential stratigraphy of Upper 

Cretaceous rocks of Trichinopoly have been 

published (Sundaram et al., 2001; Nagendra et al., 

2002; Udayanapillai et al., 2020) (Table 1). 

Ariyalur stage consists of several formations. The 

lowermost formation is Sillakudi sandstone. It is 

overlain by the Kallankurichi limestone formation 

with an unconformity and is followed by  

Table 1. Litho-stratigraphy of the Ariyalur Group (Sastry et al., 
1972) 

Era Stage Formation Lithology 

Tertiary  Cuddalore  Red Sandstone 

 
U

p
p

er
 C

re
ta

ce
o

u
s 

Niniyur 
Nanniyur 

Arenaceous 
Limestone 

Athanakuruchi Limestone 

Ariyalur 

Sendurai 
Arenaceous 
Limestone 

Ottakovil 
Arenaceous 
Limestone 

Kallamedu Sandstone 

Kallankurichi 

Arenaceous 
Limestone 

Gryphaea 
Limestone 

Arenaceous 
Limestone 

Ferruginous 
Gryphaea 
Limestone 

Conglomerate 

Sillakudi  Sandstone 

 
Trichinopoly 

Kunnam Shale 

Paravai 
Arenaceous 
limestone 

Sathanur Shale 

Kollakanattham 
Clay, 

Arenaceous 
Sandstone 

Anaipadi Red Sandstone 

Garudamangalam 
Argillaceous 
limestone 

 
Uttatur  

Maruvathur  Clay and shale 

Karai  Shale 

Dalmiapuram 
formation 

Marl bedded 
argillaceous 

l.stone 

Bedded 
limestone 

Coralline algal 
limestone 

Shale 
Calcareous 
Grey Shale 

Conglomerate_unconformity 

Upper 
Gondwana 

 Therani  

Variegated 
clay 

Purple 
sandstone 

Conglomerate-Unconformity 

Archean  Charnockite and granitic gneiss 

Figure 2. The Geological map of the Ariyalur 

district (modified after Nagendra et al., 2011). 
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Kallamedu, Ottakovil, and Sendurai 

calcareous sandstone formations (Table 2). 

Kallankurichi limestone outcrop is bordered by the 

formation of the Sillakudi sandstone outcrop in the 

west, Kallamedu, Ottakovil and Sendurai outcrops 

in the eastern side, and Archaean outcrop in the 

south. The study area Pudupalayam Chettinadu 

mine is located at the southern terminal part of the 

‘S, band’ type Kallankurichi limestone outcrop.   

 

METHODOLOGY 

Intensive fieldwork was 

undertaken in January 2020 to 

investigate the nature of the 

Pudupalayam Chettinadu mines. 

Nature of the Gryphaea limestone 

outcrop and its other lithological 

associations were carefully studied 

with available literatures concerning 

the geology and geochemistry of 

gryphaea limestone. Gryphaea 

limestone is the typical characteristic 

bed in the Kallankurichi formation 

(Ramasamy et al., 2012; Nagendra et 

al., 2018; Ramkumar et al., 2020). Ten 

gryphaea limestone samples were 

collected at the interval of 1 foot 

between the occurrence of limestone 

profile (5-10 m) in the vertical mine 

profile section. Thickness of beds and 

intervals were measured. Then, the 

collected samples were properly 

packed and labelled with GPS co-

ordination. While collecting samples, 

megascopic characters of limestone 

samples were also observed in the 

field. Then limestones thin sections 

were prepared at Suchitra polishing unit, in 

Chennai. In addition, limestone samples were 

analysed for major oxides through an XRF 

instrument (X-Ray Fluorescence spectroscopy) at 

the laboratory of the National Centre for Earth 

Science Studies (NCESS), Thiruvananthapuram. 

Three representative samples were selected for clay 

mineral analysis by an X-ray Diffraction (XRD) 

method at University Scientific Instrumentation 

Centre (USIC), Department of Physics, Alagappa 

University, Karaikudi. Photomicrographs of thin 

sections were taken from the laboratory at 

Department of Geology, University of Madras, 

Chennai. 

 

FIELD OBSERVATION 

Entire mine section shows Archaean, 

Upper Cretaceous, Sub-Recent and Recent outcrops 

from the bottom to the top of the mine. Lower-most 

Archaean granitic gneiss outcrop can be observed 

at the depth of 30 m in the mine area. Kallankurichi 

limestone of Ariyalur stage un-conformably rest on 

same stage Cretaceous bed of the Sillakudi 

sandstone formation which occurs at a depth from 

11m to 26 m. A conglomerate bed of 0.5m 

thickness separates the Sillakudi sandstone 

formation and Kallankurichi limestone formation 

(Table2). Gryphaea limestone bed occurs between 

4.5 metres and 9.5 metres depth with a thickness of 

5 m. Gryphaea limestone bed is followed by marl, 

chert, calcrete and black soil of Quaternary age. 

Gryphaea limestone collected from the 

Pudupalayam mine show grey, pale yellow and 

ferruginous colour without mega fossils. It is highly 

compacted and indurated. Compaction and 

indurations are mainly made by CaCO3 mineral 

grains with a very few detrital grains. Entire litho-

profile section of the Pudupalayam Chettinadu 

mine section is shown in the field photographs and 

table (Fig. 3; Table 2).  

PETROLOGICAL OBSERVATION 

Table 2.  Stratigraphy of the Ariyalur stage at Pudupalayam Chettinadu 
mine 

Age  Stage Formation 
Lithology 

 

Depth    
from 

Top in 
metres 

Thickness 
in metres 

Recent   Top soil/ Red 
soil/ Black soil 

0 to 
0.5 

0.5 

Holocene – 
Pleistocene 

(or) Sub - 
Recent 

  

Calcrete 
0.5 to 

1.5 
1 

 

 

U
p

p
er

 C
re

ta
ce

o
u

s 

A
ri

ya
lu

r 

K
al

la
n

ku
ri

ch
i 

Arenaceous 
Limestone 

1.5 to 
4.5 

3 

Gryphaea 
Limestone 

4.5 to 
9.5 

5 (study 
area) 

Arenaceous 
Limestone 

9.5 to  
12.5 

3 

Ferruginous 
Gryphaea 
Limestone 

12.5 to 
22.5 

10 

Conglomerate 
- 

Unconformity 

22.5 to 
23 

0.5 

Sillakudi Sillakudi 
sandstone 
formation 

Below 
23 

∞
 

Figure 3. Field photograph of Pudupalayam mine 

section 
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 Petrographically Maastrichtian limestones 

were classified as packstone/grainstone facies or as 

wackestone and mudstone facies (Nagendra et al., 

2011). Classification of limestone has been 

proposed by Dunham (1962) and Folk (1968). 

Dunham has classified the limestone as mudstone, 

wackestone, and packstone, based on the fabric of 

the rock. Folk (1968) has classified the limestone 

as autochthonous and allochthonous limestones, 

based on grain and cement types. A revised 

classification was proposed by Wright (1997), 

based on the diagenetic pattern. Gryphaea 

limestone beds of Pudupalayam is a mud based 

biogenic limestone, as per the classification of 

Wright (1997). Despite large mega-fossils are 

being absent in the limestone, it contains numerous 

desmodont gryphaea group shell fragments of 

pelecypods, gastropods, micro-faunal distribution 

of foraminifera, bryozoa and algal mats. These 

biogenic materials are preserved in the 

ferruginous or calcified micritic or micro-

sparitic calcite matrix.  Rich iron content 

in the biogenic limestone indicates shallow 

and high energy conditions of the sea 

(Nagendra et al., 2011). Such similar 

condition may be existed in the study area.  

Shell fragments and algal mats have 

caused for the formation of ferruginous 

micritic calcite matrix, during diagenesis 

and lithification. The uniserial foraminifera 

Nodosaria with lime mud clast 

preservation was also observed in the 

ferruginous micritic calcite matrix. Some 

thin section photomicrograph shows 

parallel algal mats preservation with 

micritic calcite and lime mud clast. In 

general, carbonate microfacies of 

Pudupalayam gryphaea limestone indicates 

that these limestones were formed in a 

continental marginal platform. Such 

similar reports have already been reported 

in the other areas of the Kallankurichi 

formation (Nagendra et al., 2011). 

Photomicrographs of gryphaea limestone 

samples of the Pudupalayam mine are given in 

(Fig. 4 a-f). 

 

X-RAY DIFFRACTION ANALYSIS 

Numerous researchers have applied 

XRD technique for the identification of 

minerals in sediments and sedimentary rocks 

(Carrol 1970; Deer et al., 1979; Mitra 1989; 

Kile and Dennis, 2000; Jimenez-Espinosa and 

Jimenoz-Millan, 2003; Udayanapillai et al., 

2015; Perumal and Udayanapillai, 2020; 

Armstrong-Altrin et al., 2021, 2022; Ramos-

Vázquez et al., 2022; Udayanapillai et al., 

2022). Based on high angle XRD mineral 

analysis (2 theta 0-80 degree), d spacing values 

and their relative intensities of powdered 

gryphaea limestone samples reveals the presence of 

minerals of calcite, siderite, witherite, malachite, 

smithsonite, azurite and rhodochrosite. Low angle 

XRD Clay mineralogy (2 theta 0-30 degree) 

Figure 4 (a-f). Photomicrographs of gryphaea limestone of 

pudupalayam Chettinadu mine. a) Photomicrograph shows equal 

preservation of Bryozoa and more white lime mud clast in the 

ferruginous micritic calcite matrix. b) Photomicrograph shows 

preservation of uniserial chambered foraminifera Nodosaria with 

algal mats, gryphaea group shell fragments and also possesses 

more white lime mud clast preservation in the ferruginous 

micritic calcite matrix. c) Photomicrograph shows parallel algal 

mats preservation with micritic calcite and lime mud clast. d) 

Photomicrograph shows full of bryozoan colony within 

ferruginous micritic calcite matrix. e) Photomicrograph shows 

pelecypod shell fragments, Polyphora-Bryozoa and lime mud 

clast preservation in the micritic calcite matrix. f) 

Photomicrograph shows a large Polyphora-Bryozoa with zooecia 

rimmed by micritic calcite and lime mud clast in the ferruginous 

micritic calcite matrix. 

Figure 5a. XRD diffractogram pattern of the 

gryphaea limestone samples (all minerals) of 

Pudupalayam Chettinadu mine 
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analysis of powdered gryphaea limestone samples 

indicates the presence of clay minerals of kaolin, 

montmorillonite, and palygorskite. Mineralogy of 

gryphaea limestone with d spacing values and their 

intensities are given in Figure 5 a-b and Table 3.  

 

GEOCHEMICAL OBSERVATION 

Major element concentrations of gryphaea 

limestones from the Pudupalayam mine, shows a 

more or less similar distribution trend (Table 4; 

Fig. 6). Distribution of CaO, SiO2, Al2O3, Fe2O3, 

and LOI shows higher concentration, which is 

above 1%, whereas other major oxides, viz.  MgO, 

MnO, Na2O, K2O, TiO2, and P2O5 are below 1%. 

Average distributions of major element 

concentrations of samples are taken into 

consideration for geochemical discussion, as they 

show similar distribution trend. 

Average SiO2 concentration of gryphaea 

limestone is 6.56, whereas the average 

concentration of Al2O3 is 2.05. Al2O3 concentration 

may generally be attributed to a good mixture of 

transported flux and limited SiO2 may be due to 

less concentration of detrital unaltered quartz and 

feldspar contents (Ramasamy et al., 2007; Cox et 

al., 1995; Udayanapillai and Ganesamurthy, 

2013; Ekoa Bessa et al., 2021a,b; Madhavaraju et 

al., 2021; Sopie et al., 2023). Gryphaea limestone 

represents less SiO2/Al2O3 ratio (3.22), which 

indicates that the detrital concentration of quartz 

and feldspar is limited in the samples. Al2O3 is 

used as a proxy for clay content in limestone. 

K2O/Al2O3 ratio of sediment can be used as an 

indicator of the original composition 

(Udayanapillai and Ganesamurthy, 2013; Anaya-

Gregorio et al., 2018; Tawfik et al., 2018). 

K2O/Al2O3 ratio of clay minerals and feldspar are 

different (0.00 to 0.3; 0.3 to 0.9) respectively 

(Cox et al., 1995;). Average K2O/Al2O3 ratio in 

limestones is 0.16, which is close to the limit of 

the clay mineral range. It indicates that kaolinite, 

montmorillonite, and illite may be the dominant 

clay minerals in the limestone samples (Fig. 7a). 

Average CaO contents shows 55.58%, 

whereas MgO content represents 0.54%. Lesser  

Table 3.  The clay and general mineralogy of Limestone samples of 
Chettinadu mine 

S. 
no. 

Minerals D-
Space 
values  

A° 

Name of the 
mineral 

Chemical Composition 

1 Clay 
minerals 

3.95 Kaolinite Al₄[Si₄O₁₀] (OH)₃ 

2  15.26 Montmorillonite Al₂ [Si₄O₁₀] (OH)₂ .nH₂O 

3  3.42 Kaolinite Al₄[Si₄O₁₀] (OH)₃ 

4  4.31 Palygorskite Mg₃H₂Si₈O₂₂(H₂O).2H₂O 

     

5 Other 
minerals 

3.09 Calcite CaCO₃ 

6  2.53 Azurite Cu₃(CO₃)₂ (OH)₂ 

7  2.12 Siderite FeCO₃ 

8  1.89 Calcite CaCO₃ 

9  1.93 Calcite CaCO₃ 

10  1.62 Calcite CaCO₃ 

11  1.53 Rhodochrosite MnCO₃ 

12  1.45 Smithsonite ZnCO₃ 

13  1.43 Smithsonite ZnCO₃ 

14  3.95 Witherite BaCO₃ 

15  2.31 Siderite FeCO₃ 

16  3.43 Calcite CaCO₃ 

17  1.93 Calcite CaCO₃ 

18  1.54 Malachite Cu₂CO₃ (OH)₂ 

Figure 6. Comparison of Major elements distribution 

of Gryphaea Limestone samples of Chettinadu 

Pudupalayam mine 

Figure 7(a). Bivariate plot K2O vs Al2O3 in the 

gryphaea limestone samples (after Mc Queen 2006, 

modified with the standard analytical result of 

minerals analysis from Deer et al., 1978 and 

Udayanapillai et al., 2014), (b). Bivariate plot of 

CaO Vs MgO (after Queen, 2006, modified with 

the standard analytical result of minerals analysis 

from Deer et al., 1978 and Udayanapillai et al., 

2014) 
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Table 5.  Multiple correlation of major element concentrations 

Oxides SiO2 Al2O3 Fe2O3 CaO MgO MnO Na2O K2O TiO2   P2 O5 LOI 

SiO2 0.00                     

Al2O3 0.90 0.00                   

Fe2O3 0.93 0.98 0.00                 

CaO -0.71 -0.74 -0.78 0.00               

MgO 0.40 0.28 0.29 -0.63 0.00             

MnO -0.04 -0.02 0.01 -0.26 0.03 0.00           

Na2O -0.01 0.09 -0.01 -0.04 0.13 -0.58 0.00         

K2O 0.50 0.61 0.57 -0.52 0.41 -0.27 0.34 0.00       

TiO2   0.55 0.53 0.53 -0.68 0.81 0.33 -0.07 0.42 0.00     

P2 O5 0.09 0.07 0.16 0.08 -0.38 0.40 -0.89 -0.34 -0.11 0.00   

LOI -0.50 -0.63 -0.55 0.07 -0.02 0.20 0.04 -0.39 -0.39 -0.19 0.00 

 

concentration of MgO content indicates the absence 

of dolomite mineral content in the limestone 

samples. In general, CaO/MgO ratio in dolomite 

mineral 40:20 (Deer et al., 1978).  Average 

CaO/MgO ratio in limestones of this study is 

102.93. A higher value of the above ratio indicates 

that the samples are high-grade limestone and 

possess more percentage of calcite mineral than the 

other carbonate minerals (Fig. 7b). Bulk rock 

containing more calcite mineral may derived from 

shell fragments of pelecypod, gastropod, 

foraminifera, bryozoa, etc. CaO shows negative 

correlation with SiO2 and Al2O3, which indicates 

the effect of clastic input and detrital dilution of 

carbonate, during deposition (Ali and Wagreich, 

2017). Fe2O3/Al2O3 ratio of limestones show a high 

ratio (4.16), which may be due to the preservation 

of sesquioxide (Fe2O3Al2O3), clay mineral derived 

either from lithogenic sources or from the source of 

burial digenesis of Cretaceous marine invertebrate 

shells, due to marine transgression and regression. 

MnO and Na2O in limestones are low, due to less 

amount of lithogenic concentration. 

 

Titanium oxide is mainly concentrated 

from phyllosilicates (Ramasamy et al., 2007; 

Udayanapillai and Ganesamoorthy, 2013). 

Titanium is relatively immobile (McLennan et al., 

1993; Ramasamy et al., 2007). The samples of the 

area show lower TiO2 (0.16%), which indicates 

lesser concentration of Titanium bearing minerals 

in limestones. P2O5 content shows an average 

concentration of 0.44%. Low P2O5 may be due to 

the presence of a lesser amount of accessory 

mineral phases, such as apatite and monazite 

minerals (Armstrong-Altrin et al., 2018; Chougong 

et al., 2021). 

 

GEO-STATISTICAL EVALUATION 

Advanced statistics of Multiple 

correlations, Principal Component Analysis, and 

Cluster Analysis are carried out for the major 

element concentrations of the gryphaea limestone 

of the Pudupalayam Chettinadu mine.  

Geostatistical software “PAST” is used for the 

statistical analysis. 

 

Table 4:  Data of major element concentrations (in wt. %) of Chettinadu Gryphaea limestones, Puthupalayam   
LOI = Loss of Ignition 

Major element S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8 S-9 S-10 Average  

SiO2 5.13 5.76 8.4 5.6 6.7 5.12 7.3 8.2 5.15 8.3 6.56 

Al2O3 1.5 1.89 2.51 1.76 2.46 1.48 2.7 2.5 1.39 2.4 2.05 

Fe2O3 3.37 6.19 14.1 5.41 13.9 3.74 14.12 13.8 3.72 13.7 9.2 

CaO 60.3 57.4 46.5 56.7 48.4 60.21 56.3 55.4 60.34 54.3 55.58 

MgO 0.47 0.54 0.76 0.6 0.54 0.53 0.44 0.62 0.46 0.46 0.54 

MnO 0.13 0.1 0.13 0.11 0.12 0.11 0.12 0.1 0.12 0.11 0.11 

Na2O 0.01 1.26 0.27 0.26 0.23 0.21 0.25 0.26 0.02 0.26 0.3 

K2O 0.16 0.37 0.42 0.38 0.36 0.35 0.43 0.35 0.3 0.34 0.34 

TiO2 0.16 0.16 0.2 0.16 0.17 0.16 0.17 0.18 0.16 0.15 0.16 

P2 O5 0.56 0.11 0.36 0.38 0.53 0.52 0.53 0.49 0.48 0.53 0.44 

LOI 27.44 26.9 25.99 26.9 26.84 27.32 18.42 18.9 27.3 27.3 25.33 
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MULTIPLE CORRELATIONS 

It is a measure of the degree of 

dependency between the variable with one. Many 

researchers have utilized this technique in various 

studies (Srinivasamoorthy et al., 2010; Kaliammal 

and Udayanapillai, 2018; Udayanapillai et al., 

2022). There are very limited reports have been 

published on applying these techniques in shell 

limestones. Multiple correlations of major elements 

of gryphaea limestone samples of Pudupalayam 

mine are given in Table 5. Multiple diagonally 

symmetrical linear correlation coefficient factor 

numbers of eleven parameters are given in bold 

letters. Correlation matrix represents that CaO 

makes negative relations with SiO2, Al2O3, Fe2O3, 

MgO, MnO, Na2O, K2O, and TiO2 and positive 

relations with P2O5. Further, this relation indicates 

that CaO may be derived from the burial diagenetic 

process of Cretaceous marine invertebrates of 

pelecypods, gastropods, foraminifera, bryozoa, 

coralline algae, and brachiopod, etc. Other oxides 

might have been derived from continental 

lithogenic sources. CaO and P2O5 show positive 

correlations, which indicates both elements were 

derived from a similar source. 

 

PRINCIPAL COMPONENT ANALYSIS 

It is a statistical procedure in which larger 

data can be changed into visualized one and 

analysed by a set of summary indices. It finds the 

direction of the maximal variance of data. It 

examines the magnitude and direction of 

coefficients for the original variables. Many 

researchers have applied Principal Component 

Analysis (PCA) in various geological studies 

(Srivastava et al., 1998; Sridhar et al., 2014; Usman 

et al., 2014; Udayananpillai and Kaliammal, 2016; 

Kuttalingam et al., 2018; Armstrong-Altrin, 2020; 

Ramos Vázquez and Armstrong-Altrin, 2019, 

2021; Udayanapillai et al., 2022; Botello et al., 

2023). PCA is regulated by linearity, the 

significance of mean, covariance, and orthogonal 

axis fitting of data of 

components 

(Udayanapillai et al., 

2022). PCA data reveal 

its Eigen value, 

Percentage of Variance, 

Cumulative Variance, and 

the selected PCA 

components. Eigen value 

1 is considered for the 

selection of PCA 

components (Table 6a 

and b). The canonical 

representation diagrams 

of the PCA components 

are given in Figure 8.  
 Four PCA 

components reveal 90.17% of Cumulative 

Variance. Each PCA component is associated with 

certain major oxides and is provided as follows. 

I  Component - SiO2 + Al2O3 + Fe2O3 + CaO + 

K2O + TiO2   -- 45.25% Variance 

II  Component - MnO+Na2O+P2O5 -- 22.61% 

Variance 

III  Component – MgO +TiO2 --15.20% 

Variance 

IV  Component – LOI -- 7.12% of Variance. 

 First component keeps the position of the 

highest amount of variation in the sample, whereas 

the fourth component has a lesser significance of 

variation. PCA component loading variations are 

Table 6b. Component loading Scores 
LOI = Loss of Ignition 

0 
Axis 

1 
Axis 

2 
Axis 

3 
Axis 

4 
Axis 

5 
Axis 

6 
Axis 

7 
Axis 

8 
Axis 

9 
Axis 
10 

Axis 
11 

SiO2 0.90 0.13 -0.18 0.14 -0.18 -0.18 0.25 0.03 0.00 0.00 0.00 

Al2O3 0.93 0.10 -0.29 0.16 0.10 -0.07 -0.05 -0.06 0.05 0.00 0.00 

Fe2O3 0.92 0.18 -0.25 0.22 0.00 -0.06 -0.03 0.02 -0.03 0.00 0.00 

CaO -0.84 -0.07 -0.36 -0.34 0.03 -0.03 0.16 0.03 0.04 0.00 0.00 

MgO 0.60 -0.24 0.64 -0.28 -0.30 -0.02 0.00 -0.06 0.07 0.00 0.00 

MnO 0.01 0.69 0.55 0.10 0.45 0.00 0.09 -0.02 0.04 0.00 0.00 

Na2O 0.10 -0.93 -0.08 0.15 0.21 -0.18 -0.06 0.07 0.07 0.00 0.00 

K2O 0.71 -0.38 -0.11 -0.04 0.09 0.57 0.07 0.02 0.01 0.00 0.00 

TiO2 0.76 0.10 0.47 -0.39 0.09 -0.09 -0.04 0.11 -0.04 0.00 0.00 

P2O5 -0.08 0.93 -0.26 0.00 -0.18 0.10 -0.10 0.08 0.08 0.00 0.00 

LOI -0.54 -0.13 0.59 0.55 -0.19 0.09 0.04 0.06 0.00 0.00 0.00 

Table 6a.  Principal Component Analysis of geochemical 
data, LOI = Loss of Ignition 

PC Eigenvalue 
% 

variance 
Cumulative 

variance 
Components 

1 4.97798 45.254 45.254 
SiO2+ Al2O3+ 

Fe2O3+ 
CaO+K2O 

2 2.48738 22.613 67.87 
MnO+ 

Na2O+ P2O5 

3 1.67184 15.199 83.06 MgO+ TiO2 

4 0.783383 7.1217 90.19 LOI 

5 0.46488 4.2262 
  

6 0.430687 3.9153 
  

7 0.121338 1.1031 
  

8 0.037837 0.34397 
  

9 0.024683 0.22439 
  

SiO2Al2O3
Fe2O3

CaO

MgO

MnO

Na2O

K2O

TiO2__

P2_O5

LOI
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Figure 8. Canonical representation diagram of 

the PCA analysis. 
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gradually reduced from the first component to the 

fourth component. 

 

CLUSTER ANALYSIS 

 It is a statistical method that is used to 

group similar objects into respective categories. It 

can also be referred to as segmentation analysis. It 

confirms homogeneous and heterogeneous groups 

on a definite set of variables. Relative distance or 

proximity is taken into consideration for groups 

and these groups are called clusters. Cluster 

analysis represents a direct relationship between the 

variables, which function based on correlation 

matrices and the arithmetic average of the 

correlation coefficient (Davis, 1973, Harper, 1999). 

Numerous researchers have applied cluster analysis 

for various geological studies (Srivastava et al, 

1998; Praus, 2007; Udayanapillai and Kaliammal, 

2016; Kuttalingam et al., 2018; Udayanapillai et 

al., 2022). 

 

Cluster analysis is applied here for two 

purposes, such as  

a)  To interpret the ionic similarity between 

major element oxide parameters in the 

samples. 

b)  Similar aerial grouping similarity 

concentration of cluster of the profile 

samples. Dendrogram of Paired group 

cluster method and Wards minimum 

variable cluster methods are used for finding 

out ionic similarity identification and 

finding out the relative distance of similarity 

of the profile samples (Fig. 9 a and b). 

There are two paired groups of ionic clusters of 

major oxide are interpreted, which are as follows. 

S.No Cluster Component 

Similarity 
of 
Correlation 
Coefficient 

1 LOI+P2O5-SiO2 50 

2 TiO2+MnO+Na2O+P2O5+K2O+MgO+Al2O3 10 

The above two ionic clusters represent an average 

relative similarity value of 170. 

 There are two aerial grouping clusters by 

the Wards method or Euclidean method. They 

represent as follows: 

I  Cluster – S8 - S7 + S10 + S5 - S3 -- Relative 

distance --11.2 

II  Cluster – S4 - S2 + S1 + S9 - S6 -- Relative 

distance -- 4.0 

 Above two aerial groups form an average 

relative distance of 13.6. 

 Thus, the relativity of major oxide 

parameters and the profile samples inter-

relationship quality is interpreted by advanced 

geostatistical techniques, such as Multiple 

Correlations, Principal component analysis, and 

Cluster analysis. 

 

PALAEOCLIMATE 

Changes in climate through geological 

time are termed as palaeoclimate. A proxy or many 

numbers of proxies establish the palaeoclimate of 

an area. Stable isotope geochemical characters, tree 

rings analysis, pollen analysis, lake varves, biota or 

fossil evidence, ice cores, geological setting, 

historical documents, geochemical elements, clay 

minerals, etc. are some of the important proxies 

which represent palaeoclimate. Despite many 

proxies being used in the palaeoclimate studies, the 

palaeoclimate of the gryphaea limestone deposit of 

the Pudupalayam Chettinadu mine has been mainly 

interpreted by the proxies of biota, major element 

geochemistry, and clay minerals. 

 

BIOTA PROXIES 

Thin section photomicrograph reveals the 

presence of microfossil bryozoa, foraminifera, algal 

mats, pelecypod, and gastropod shell fragments. 

Bryozoans are chiefly identified by using skeletal 

characteristics, like spines, surface structure, pores, 

and shape and size of the colonies. Bryozoa occur 

both in shallow and moderately deep-water 

deposits (Shrock and Twenhofel, 2005). 

Cheilostomata, Cyclostomata, Ctenostomata 

Bryozoans were almost equally numerous in the 

late Cretaceous (David Jablonski et al., 1997; 

Lidgard et al., 2016).  Bryozoa are dominant 

contributor of CaO in temperate water in marine 

carbonate deposits (Clark and Ligards, 2000). The 

presence of algal mats indicates that symbiotic 

algae live in shallow tropical water. Pelecypod and 

gastropod shell fragments along with microfossils, 

Figure 9(a). Ward method cluster analysis for 

aerial grouping of samples, (b). Paired group 

cluster methods of ionic similarities in the study 

area. 
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foraminifera and bryozoa are preserved in the 

shallow continental shelf marine platform of 

limestone deposits in the tropical climate. Since 

these limestone deposits are subjected to tectonic 

disturbances, mega fossils are damaged into small 

shell fragments. 

 

GEOCHEMICAL PROXIES 

 Geomorphological, sedimentological, and 

biological factors reflect climate changes. 

Evaporite mineral and major element geochemistry 

are the two important proxies used for 

palaeoclimate investigation in the evaporite deposit 

of Tunisia and Rajasthan (Sinha et al., 2006; 

Smykatzkloss and Roy, 2010) and the Pandalkudi 

calcrete profile (Udayanapillai et al., 2021). 

Calcite, dolomite, halite, anhydrite, and gypsum are 

important evaporite minerals that represent proxies 

for the arid environment. Calcite and other 

carbonate minerals in the study area represent 

proxies for arid environment. Despite climate has 

interpreted through geomorphic landforms; 

mineralogical factors are mostly used as proxies to 

establish humid, semi-arid and arid palaeoclimatic 

investigations. 

  

 

Highly soluble major oxides Na2O, MgO, 

K2O, and un-soluble hydrolysate TiO2, Al2O3 and 

Fe2O3 are used as proxies to interpret the 

palaeoclimate studies of the Gryphaea limestone 

profile of the study area. The ratio of 

alkaline/hydrolysate is generally low in the humid 

climate and high in the arid climate (Sinha et al., 

2006; Udayanapillai et al., 2021). Ratio value of 

Na2O/Al2O3 (0.15), Na2O/Fe2O3 (0.03), Na2O/K2O 

(0.88), Na2O/TiO2 (1.8), and CaO/MgO (102.9) of 

the gryphaea limestone profile samples of the study 

area are given in (Table 4) and its ratio plot for 

climate model diagram related to depth are given in 

the diagram (after Udayanapillai et al., 2015, 2021; 

Fig 10). The ratio value of < 0.1, 0.1 to 1, and >1 

are treated as humid, semi-arid, and arid climates 

respectively, Geochemical ratio plots of gryphaea 

limestone samples collected from the study area 

fall on the semi-arid and arid climate prevailing 

during the depositional environment. 

 Aridity is established by Salinization. 

Salinization factor is established by the 

geochemical ratio of Na2O/K2O. When the above 

ratio is greater than 0.01, it represents a semi-arid 

and arid climate (Udayanapillai et al., 2015, 2021). 

The averageNa2O/K2O ratio of the limestones is 

0.88. This range in the profile represents the semi-

aridity or aridity of the depositional environment. 

Calcification character is another factor in 

establishing palaeoclimate. It is established by the 

average geochemical ratio of CaO/MgO. Average 

calcification ratio of the gryphaea limestone profile 

is 102.93. Calcification is generally high in the 

study area which represents an arid environment. 

 Na2O/K2O, Na2O/Al2O3, and Na2O/TiO2 

ratios are high in an arid environment and vice 

versa in a humid environment in limestone deposits 

(Sinha et al., 2006; Udayanapillai et al., 2021). 

Similarly, high ratio values in limestones represent 

an arid and semi-arid climate conditions.  

 

CLAY MINERAL PROXIES 

Limestone possesses regolith clay 

minerals and neo-formed clay minerals which 

represent climate history. Hydrolysis of weathered 

silicate minerals causes for the origin of clay. 

Meteoritic precipitation and the formation of clay 

minerals in the sediments help to interpret the 

palaeoclimate of sediments (Udayanapillai et al., 

2015, 2022). Size, composition of parent material, 

temperature, seasonal rainfall, and time of 

formation of sediments are prime criteria for clay 

mineral composition (Udayanapillai et al., 2015, 

2022). Some of the clay minerals represent the 

climate. Palygorskite and Sepiolite are indicating 

the arid climate. XRD analysis of gryphaea 

limestone shows the presence of clay minerals, 

such as kaolin, montmorillonite, and palygorskite 

which indicates arid and semi-arid climate 

conditions. Palygorskite is a neo-formed clay 

mineral in limestone formation that indicates an 

arid climate (Udayanapillai et al., 2015, 2022). 

Kaolin indicates a semi-arid climate (Udayanapillai 

et al., 2022). Gryphaea limestone of the study area 

represents semi-arid and arid climate conditions, 

during deposition. 

 

CONCLUSION 

Pudupalayam Chettinadu limestone mine 

is located in the southern terminal part of the 

Kallankurichi formation of the Upper Cretaceous 

Ariyalur stage, Tamil Nadu, India. Petrological 

observation represents that the limestone does not 

Figure 10. Ratio plot diagram of limestone 

samples of profile-1 (average) plotted on the 

climate model diagram related to depth proposed 

by (after Smykatz-Kloss and Roy 2010; 

UdayanaPillai et al., 2015). 1) CaO/MgO, 2) 

Na2O/Al2O3, 3) Na2O/K2O, 4) Na2O/TiO2, and 5) 

Na2O/Fe2O3 
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have mega fossils and generally a mud based 

biogenic limestone. However, it contains 

pelecypod, gastropod, shell fragments, microfossil 

groups of foraminifera, bryozoa, and algal mats. 

XRD result indicates the presence of many 

carbonate minerals and a few clay minerals. 

Geochemical results indicate elevated CaO 

concentration, due to the presence of more calcite 

minerals in the samples.  Geostatistical analysis of   

multiple correlations, PCA, and Cluster analysis 

illustrates the geochemical affinities and inter-

relationship between the geochemical elements. 

Palaeoclimate established through proxies of biota, 

geochemical ratio, and clay minerals indicate that 

the gryphaea limestone is formed under arid and 

semi-arid climates. 
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ABSTRACT 

To know the distribution of brackish water Ostracoda and to investigate the 

sediment characteristics, a core (105 cm) has been collected from the Gadilam river estuary 

and it was sub-sampled into 21 samples at 5 cm width regular interval. All the sediment 

samples were analyzed as per standard micropaleontological techniques in order to 

investigate the distribution and occurrence of ostracod fauna. A total of 27 ostracod taxa 

belonging to 16 genera, 12 families, 3 superfamilies and 2 sub-order of the order Podocopida, 

have been identified based on published articles Throughout the core (from top to bottom) 

the calcareous forms were noticed. The ostracod species Kalingella mckenziei and 

Jankeijcythere mckenziei are widely distributed in the core and they outnumbered the rest of 

the species. The faunal assemblages recorded are tropical, brackish to neritic (shallow 

marine) and benthic in nature (Hemicytheridea paiki, Hemicytheridea bhatiai, Jankeijcythere 

mckenziei, Kalingella mckenziei, Neosinocythere dekrooni, Paijenborchellina sp., 

Stigmatocythere indica and Tanella gracilis). In the analyzed core, there is no faunal 

assemblage at the depth between 80-85 and 95-105 cm. The sediment characteristics such as 

calcium carbonate, organic matter and sand-silt-clay ratio also determined and correlated 

with the observed ostracod populations. Based on the detailed study, it is noticed that high 

calcium carbonate and low organic matter of the sediment are congenial for population 

abundance. From the overall distribution of Ostracoda in all the subsamples, siltysand is 

found to an accommodative substrate for the prosperity of Ostracoda. The statistical aspect 

of ostracod carapace-valve ratio has been studied to identify the rate of sedimentation which 

infers a faster rate of deposition of sediments in the Gadilam River estuary. 

 

KEYWORDS: Ostracoda; Gadilam river estuary; Tamil Nadu; Environmental implications; 

Micropalaeontology 

 

INTRODUCTION 

Ostracoda (microscopic, aquatic Crustacea) 

from brackish waters provides a great potential 

for ecological monitoring and 

palaeoenvironmental analyses in different 

environments. This has been studied and stated 

in many articles during recent decades but their 

potential has yet to be fully developed or utilized 

in various studies. The analysis of ostracod 

species distributions, eco-phenotypic variability 

and stable isotopes and trace elements in 

ostracod shells provide valuable information 

about water salinity, temperature and chemistry, 

hydrodynamic conditions, substrate 

characteristics, climate, sea level variations, 

oxygen and nutrients availability (García-

Madrigal et al., 2022). Ostracods are typically 

around 1 mm in size, but varying between 0.2 

and 30 mm, laterally compressed and protected 

by a bivalve-like, chitinous or calcareous shell 

carapace (Barik et al., 2022). Ostracods are 

living in various aquatic environments, including 

fresh, brackish and marine waters. In the oceans, 

they inhabit both the sea floor and the planktonic 

zones. Ecologically ostracods can be part of the 

zooplankton, or (most commonly) they are part 

of the benthos, living on or inside the upper layer 

of the sea floor (Matzke-Karasz and Smith, 

2022). Ostracods can live in an environment in 

with the controlling factors are temperature, 

bottom topography, depth, salinity, dissolved 

oxygen, substrate, food supply and sediment 

organic matter (Puri, 1966). However, the main 

controlling factors governing ostracod 

distribution in estuarine environments and 

continental shelf zones are salinity, water 

temperature and substrate (Yassini and Jones, 

1995). While some ostracod species are sensitive 

to small changes in their environment, others are 

capable of withstanding a wide range of 

https://doi.org/10.51710/jias.v40iII.324
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conditions, even to the extent of 

inhabiting heavily polluted areas. 

The effects of sewage pollution 

and oil spill on coastal ostracod 

fauna has been investigated by 

Eagar (1999, 2000) and 

Mostafawi (2001) from New 

Zealand and Pacific Atoll, 

Persian Gulf (Pacific atoll), 

respectively. These studies show 

that although increasing level of 

pollution result in reduced 

ostracod abundance and 

diversity, some species are 

capable of withstanding quiet 

high levels of contaminations. 

Ostracods are particularly useful 

for the biozonation of marine 

strata on local or regional scales, 

and they are invaluable indicators 

of ancient shorelines, salinities 

and relative sea-floor 

morphology. Marginal marine 

environments like marshy rivers, 

coastal lagoons, deltas, estuaries, 

mangrove islands, salt marshes 

and fluvial marine assemblages 

are characterized by several 

species, which are peculiar to 

these environments. Marginal – 

marine environmental conditions 

challenging physiological problems for most 

organisms, including ostracods, since they may 

have to survive in marked environmental 

changes over very short periods. In general, the 

Ostracods diversity is often low in these habitats, 

although abundance may be remarkably high, 

usually two or three species dominating. 

Ostracods is one of the microfaunal groups with 

increasing usage as biomonitors of stressed 

conditions in recent and Quaternary 

environments (Malard et al., 1996; Mosslacher, 

2000; Anadon et al., 2002; Boomer and 

Eisenhauer, 2002). Coastal zones are very 

sensitive to environmental changes (Ayala-Pérez 

et al., 2021). Though India has a longest 

coastline of about 7,500 km and various 

marginal marine water bodies, the study on 

recent brackish water ostracoda and their 

environmental implications have received 

notable attention. Hence, the present study has 

been initiated with great concern to describe the 

distribution of ostracods in the Gadilam River 

Estuary. 

 

 

 

STUDY AREA  
The study area is characterized by 

gently undulating topography with low relief 

sandstone and laterite hills. A mangrove forest is 

present near the mouth of the Gadilam river at 

Devanampattinam, Cuddalore. Gadilam river 

enters the sedimentary part of the basin from the 

Archaean- sedimentary contact at Thirunavallur 

in Ulundurpet Taluk and traverses via 

Thiruvamur, where Malattar confluence’s the 

main Gadilam before confluence with Bay of 

Bengal. Uppanar, a backwater stream joining 

Gadilam, east of Devanampattinam, near 

Cuddalore. The southern part of the study area is 

drained by Manimutharu and Main Vellar river. 

The study area is also covered by Quaternary 

rocks. Central part of the study area was found to 

have river alluvium derived from Tertiary rocks, 

which comprises of lignite deposit and coastal 

alluvium adjacent to the coast. As it is the 

sedimentary basin, hydraulic boundary was 

extended up to the two river boundaries in the 

south. The study area comprises of two major 

hydrogeologic environments: (a) Recent 

alluvium and (b) sandstones in the lateritic 

terrain.  

Figure 1. Location map of the study area Gadilam River Estuary 



Elumalai, K, Ramachandran, A, Hussain, S. M, and Stephen Pitchaimani, V 

29 

 

PLATE - I

1 2 3

4 5 6

7 8 9

10 11 12

 

PLATE - I 
 (Bar scale equals 100 μm unless specified) 

Fig. 1.   Cytherelloidea leroyi Carapace, left valve external view, Fig. 2.  Cytherelloidea sp1 Carapace, right valve 

external view, Fig. 3. Cytherelloidea sp2 Carapace, right valve external view, Fig. 4.  Hemicytheridea bhatiai x 150 

Carapace, right valve external view, Fig. 5. Hemicytheridea khoslai Carapace, right valve external view, Figs. 6-7 

Hemicytheridea paiki Fig.6- Carapace, left valve external view, Fig.7- Carapace, right valve external view (single  

predation), Fig. 8. Hemicytheridea reticulate Carapace, left valve external view, Figs. 9-10. Neomonoceratina jaini Fig. 9- 

Carapace, left valve external view, Fig.10- Carapace, left valve external view (predated), Figs. 11-12. Jankeijcythere 

mckenziei Fig.11 - Carapace, left valve external view, Fig.12 - Left valve internal view 
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MATERIALS AND METHODS  
In order to fulfill the objective of this 

paper and to study the different 

microenvironmental implications of benthic 

brackish water ostracoda, a fieldwork was 

carried out and a sediment core sample was 

collected from the Gadilam river estuary, 

Cuddalore (Fig. 1). The length of the core was 

105 cm. The core sample is sub-sampled at each 

5 cm interval, for regular 

standard analysis. Thus, a 

total of 21 samples were 

obtained. The 

geographical co-ordinates 

of latitude 11° 24' 18" N 

and longitude 79° 46' 46" 

E were recorded using 

GPS. A mangrove species 

Avicennia marina is 

dominated in the estuary 

area. The other notable 

mangrove species noticed 

in the study area are 

Acanthus ilicifolius, 

Egiceras corniculatum, 

Excoecaria agallocha and 

Rhizopora mucronata. 

The sedimentological 

parameters such as 

CaCO3, organic matter 

and sand-silt-clay ratio 

have been established by 

the standard procedures. 

The CaCO3 content in 

sediments has been 

determined using rapid 

titration method (Piper, 

1947). Organic matter 

content is determined by 

the procedure suggested 

by Gaudette et al. (1974). 

Fine fractions (sand, silt 

and clay) in the samples 

were analysed by the 

pipette method in 

accordance with the 

standard procedure 

adopted by Krumbein and 

Pettijohn (1938). The 

sediment type was 

classified by Trefethen’s 

(1950) classification.  

 

 

 

 

 

 

 

SYSTEMATIC PALEONTOLOGY 
The classification of ostracods proposed 

by Hartmann and Puri (1974) has been followed 

in the present study. In total, 27 ostracod taxa 

belonging to 16 genera, 12 families, 3 

superfamilies and 2 suborders of the order 

Podocopida have been identified from the 

Gadilam river estuary sediments, Tamil Nadu, 

PLATE - II 
 (Bar scale equals 100 μm unless specified) 

Fig. 1. Jankeijcythere sp. Carapace, left valve external view, Figs. 2-3. 

Neosinocythere dekrooni Fig.2- Carapace, left valve external view Fig.3- Carapace, 

right valve external view, Fig. 4. Callistocythere flavidofusca intricatoides Carapace, 

left valve external view, Fig. 5.Tanella gracilis Carapace, right valve external view 

Fig. 6. Hemikrithe peterseni Right valve internal view, Fig. 7.Caudites javana 

Carapace, left valve external view, Fig. 8. Loxoconcha cercinata Carapace, right 

valve external view, Fig. 9. Loxoconcha megapora indica Carapace, left valve 

external view, Fig. 10. Loxoconcha tekkaliensis Carapace, left valve external view, 

Fig. 11. Paijenborchellina prona Left valve internal view, Fig. 12 Paijenborchellina 

sp. Carapace, left valve external view 
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southeast coast of India. A checklist of the ostracod fauna identified in the Gadilam river 

PLATE - III 
 (Bar scale equals 100 μm unless specified) 

Fig. 1. Paijenborchellina sp. cf. P. indoarabica Carapace, right valve external view, Fig. 2. Xestoleberis 

variegate Carapace, left valve external viewFig. 3-4. Kalingella mckenziei, Fig. 3- Carapace, male left 

valve external view, Fig. 4- Carapace, female right valve external view, Fig. 5. Kalingella sp. Carapace, right 

valve external view (Predated), Fig. 6. Propontocypris (Schedopontocypris) bengalensis Carapace, left valve 

external view, Fig. 7. Paracypris sp. Carapace, left valve external view, Fig. 8. Phlyctenophora orientalis 

Carapace, Right valve external view 
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estuary is given below and the SEM 

microphotographs depicting different views are 

presented in Plates I – III. Among these, 3 

species belong to the suborder Platycopa and the 

remaining to suborder Podocopa. The following 

species, namely Basslerites liebaui, 

Jankeijcythere mckenziei, Kalingella mckenziei, 

Neomonoceratina jaini and Propontocypris 

(Schedopontocypris) bengalensis are endemic to 

Indian waters only.  

Checklist of the ostracod fauna 

encountered in the Gadilam river estuary. 

1. Cytherelloidea leroyi 

2. Cytherelloidea sp.1 

3. Cytherelloidea sp.2 

4. Hemicytheridea bhatiai 

5. H. paiki 

6. Hemicytheridea khoslai 

7. H. reticulata 

8. Neomonoceratina jaini 

9. Jankeijcythere mckenziei 

10. Jankeijcythere sp. 

11. Neosinocythere dekrooni 

12. Callistocythere flavidofusca intricatoides 

13. Tanella gracilis 

14. Hemikrithe peterseni 

15. Caudites javana 

16. Loxoconcha cercinata 

17. L. megapora indica 

18. L. tekkaliensis 

19. Paijanborchellina 

prona 

20. P. indoarabica 

21. Paijanborchellina sp. 

22. Xestoleberis 

variegata 

23. Kalingella mckenziei 

24. Kalingella sp. 

25. Paracypris sp. 

26. P.Schedopontocypris) 

bengalensis 

27. Phyctenophora 

orientalis 

 

OSTRACOD 

DISTRIBUTION AND 

POPULATION 

In the Gadilam river 

estuary sediment core, 27 

taxa have been recognized 

from 897 specimens of 

ostracods, picked from 21 

subsamples and are studied in 

detail. Among them, species 

belongs to Cytheracea are 

represented by 95% of the 

population. The minimum ostracods population 

size is 15 nos. in the interval of 40-45 cm and 

maximum population size of 80 specimens are 

noted at the surface, 0-5 cm interval. In the 

sediment core, ostracod population is abundant 

in the middle and top portions, while it is less 

abundant in the bottom section. No ostracod 

species are recorded between 85 - 90 cm and 95 - 

105 cm intervals.  

 

SEDIMENT CHARACTERISTICS  

CALCIUM CARBONATE (CaCO3) 

The source of carbonate content in 

sediments is due to the abundance broken shell 

fragments of molluscs and also due to the 

dilution of biogenic calcite (Ramos-Vázquez and 

Armstrong-Altrin, 2021). Similar observation 

was documented by Sebastian et al. (1990) in the 

Mahe estuary sediments, West Coast of India. 

The association of CaCO3 with sand fractions is 

indicating its association with sand fraction. 

Similarly, Hussain et al. (1997) also observed a 

relationship between CaCO3 and sand fractions 

in the Gulf of Mannar sediments, off Tuticorin.  

Table 1. Distribution of CaCO3 OM, sand, silt, and clay with type of sediments and ostracod 
populations in Gadilam River Estuary, Cuddalore, Tamil Nadu 

Samp. 
No 

Depth 
in cm 

CaCO3 

% 
OM 
% 

Sand 
% 

Silt % 
Clay 

% 
Sediment 

type 
Ostracod 

Population 

1 0-5 5.0 2.30 56.04 29.46 14.50 Siltysand 80 

2 5-10 5.5 1.32 62.03 25.47 12.50 Siltysand 77 

3 10-15 4.5 2.09 61.59 23.91 14.50 Siltysand 66 

4 15-20 5.5 1.73 52.19 45.31 2.50 Siltysand 72 

5 20 -25 4.5 1.40 57.43 34.57 8.00 Siltysand 66 

6 25-30 1.0 1.03 72.72 21.78 5.50 Siltysand 49 

7 30-35 1.0 1.80 61.19 37.81 1.00 Siltysand 39 

8 35-40 2.0 1.41 56.12 43.38 0.50 Siltysand 36 

9 40-45 0.5 1.31 67.79 26.71 5.50 Siltysand 15 

10 45-50 1.5 1.65 68.69 30.31 1.00 Siltysand 66 

11 50-55 1.0 1.76 59.25 39.75 1.00 Siltysand 45 

12 55-60 2.0 1.17 61.88 28.12 10.00 Siltysand 47 

13 60-65 1.0 2.10 55.91 32.59 11.50 Siltysand 41 

14 65-70 2.0 2.28 72.10 15.90 12.00 Siltysand 25 

15 70-75 3.0 1.43 56.33 33.17 10.50 Siltysand 40 

16 75-80 2.5 1.80 69.85 19.65 10.50 Siltysand 22 

17 80-85 3.5 1.01 65.40 21.60 13.00 Siltysand 73 

18 85-90 1.5 1.22 63.15 26.85 10.00 Siltysand 0 

19 90-95 3.0 2.10 68.77 19.73 11.50 Siltysand 38 

20 
95-
100 

1.5 1.50 63.15 35.35 1.50 Siltysand 0 

21 
100-
105 

2.0 1.98 76.02 22.98 1.00 Siltysand 0 

Average 2.6 1.64 63.22 29.26 7.52 

 

 
897 

Maximum 5.5 2.30 76.02 45.31 14.50  

Minimum 0.5 1.01 52.19 15.90 0.50  
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The calcium carbonate percentage in the 

sediment cores ranges from 0.5 to 5.5 % (Table 

1), which is higher particularly in the top portion 

of the core between 0 and 25 cm. The CaCO3 

content in the remaining subsamples is showing 

less percentage compared to top portion of the 

core. Hence, it is inferred that the calcium 

carbonate content of the sediment is one of the 

important parameters, which governs the 

population of Ostracoda, especially its vertical 

distribution. Similarly, the calcium carbonate 

content is directly proportional to the population 

size of the Ostracoda. 

 

ORGANIC MATTER 

 Subba Rao (1960) observed that the 

silty clay materials of the Pennar, Krishna and 

Godavari rivers, are poor in organic matter. In 

the Suddagedda river estuary, sandy sediments 

have been found to be poor in organic matter 

content, while fine-grained materials are rich in 

organic matter (Venkata Rao and Subba Rao, 

1974; Armstrong-Altrin et al., 2015). These 

authors further documented that the sandy types 

are poor in organic matter, while materials 

containing higher amount of clay are rich in 

organic matter. According to Joy and Clark 

(1977), organic carbon being directly related to 

food supply, is one of the major environmental 

parameters, which influence the distribution of 

benthic ostracods. Whatley and Quanhong (1987, 

1988) considered the nature of substrate to be the 

main controlling factor for the abundance of 

ostracod; highest values occur in association 

with medium to coarse-grained sand rich in 

organic debris, and lower values with gravels 

and sands poor in carbonate. From off Tuticorin, 

Gulf of Mannar, Hussain et al. (1997) observed 

that a relative decrease in the organic matter 

content of the sediments favours a maximum 

population of Ostracoda.  

 In the present study, organic matter 

content was determined for all the 21 sub-

samples of core sediments. The analytical 

concentration of organic matter varies from 1.01 

to 2.30 %, in which the lower value is noticed at 

80-85 cm interval and moderately high value 

(2.30 %) is noticed from 0 to 5 cm interval 

(Table 1). The concentration of organic matter is 

relatively high in the bottom and top portions of 

the core. Overall, the organic matter content in 

all the subsamples exhibits lower values. The 

impact of this parameter on the distribution of 

ostracod fauna in all the intervals appears 

insignificant level.    

 

SUBSTRATE AND OSTRACODES 
 Annapurna and Rama Sarma (1982) 

documented that ostracods prefer areas high in 

sand and clay rather than areas rich in silt, in the 

Bimili back waters and the Balacheruvu tidal 

stream. Such a relationship has also been 

observed in the marine marginal water bodies of 

many other localities (Alvarez Zarikian et al., 

2022). 

           The substrate sediment texture has a 

control on the ostracod fauna that can colonize a 

particular sediment type (Brasier, 1980). The 

texture stability of the sediment composing the 

substrate exerts a strong influence on marine 

ostracods, just as it does on brackish water and 

fresh water forms. Smooth shelled forms are 

predominant in fine-grained muds whereas, more 

ornamented forms are being found in coarse-

grained, or in more calcareous sediments 

(Brasier, 1980). 

         In the Bimili backwaters and 

Balacheruvu tidal stream, Annapurna and Rama 

Sarma (1982) have noted that the genus 

Phlyctenophora occurs in forms such as Tanella, 

Loxoconcha, Pajenborchellina and Kalingella 

occur in considerable numbers in the sandy 

areas. Al-Abdul Razzaq et al. (1983) stated that 

ostracoda occur more in fine-grained sediments 

due to the greater quantities of organic material 

in those fractions which provide nutritive 

material. Hussain (1992), noticed in the Gulf of 

Mannar, off Tuticorin, that silty sand has been 

found to be the favourable substrate for the 

ostracod population abundance.  

All the subsamples collected in the 

study area were analyzed for sand, silt and clay 

ratio. The sand content in the core sample varies 

from 52.19 to 76.02 % with an average of 63.22 

%; silt percentage is recorded in ranging from 

15.90 to 45.31 % at an average of 29.26 %. Clay 

Figure 2. Sand, silt and clay ratio plot 

for the Gadilam River estuary sediments 

(after Trefethen, 1950) 
 



Textural characteristics, distribution of ostracoda, core sediments, Cuddalore, Tamil Nadu, southeast coast of India 

34 

 

content has an average of 7.52 % and ranges 

from 0.50 to 14.50 % (Table 1). The relative 

abundance of sand-silt-clay ratio of core sample 

were plotted on a trilinear diagram (Trefethen, 

1950) and its sediment type in the core is 

composed by only silty sand (Fig. 2).  

 

SURFACE ORNAMENTATION AND 

SEDIMENT TEXTURE 

The carapace of few ostracods has 

smooth surface, and devoid of any sculpture. 

However, in many species, the carapaces are 

with simple to complex surface ornamentation. 

Hence, surface ornamentation serves as direct 

evidence for ecological interpretations. 

Although there are research papers on 

taxonomy, systematic studies on internal 

character such as the normal pore system, muscle 

scar pattern and ocular sinuses of these micro 

crustaceans, papers pertaining to surface 

ornamentation of Ostracoda are relatively rare 

(Jones, 1956; Benson, 1961; Hulings and Puri, 

1964; Puri, 1966; Krutak, 1972; Brasier, 1980; 

Annapurna and Rama Sarma, 1982; Vaidya et 

al., 1995; Sridhar et al., 1998 and Hussain et al., 

2002). Hence, an attempt has been made to study 

briefly on the relationship between the sculpture 

in Ostracoda and grain size of the substrate based 

on direct observations by a Scanning Electron 

Microscope (SEM). 

The substrate sediment texture has a 

control on the kind of ostracod fauna that can 

colonise a particular sediment type (Brasier, 

1980). The texture stability of sediment 

comprising the substrate exerts a strong 

influence on marine ostracods. Smooth forms are 

predominant in fine-grained muds, whereas more 

ornamented forms are being found in coarser or 

in more calcareous sediment (Brasier, 1980). 

In the present study, 4 types of ornate 

forms of Ostracoda (including smooth ones) 

have been noticed (Plates I – III). They are 

categorized as follows: Smooth and fragile 

forms: Paracypris sp., Phlyctenophora 

orientalis, P. (Schedopontocypris) bengalensis 

and Xestoleberis variegata; Moderately 

calcified and pitted forms: Hemicytheridea 

bhatiai, H. khoslai, H. paiki, Neomonoceratina 

jaini, Neosinicythere dekrooni, Kalingella 

mckenziei, Kalingella sp., Paijenborchellina 

indoarabica, and Paijenborchellina sp., Fine to 

moderately reticulate and ridged forms: 
Cytherelloidea leroyi, Cytherelloidea sp1., 

Cytherelloidea sp2., Caudites javana, 

Hemicytheridea reticulata, Hemikrithe peterseni, 

Jankeijcythere mckenziei, Jankeijcythere sp., 

Loxoconcha cercinata, L. megapora indica, L. 

tekkaliensis and Tanella gracilis and 

Conspicuously ornate forms (typical box type, 

spinose and nodose etc.): Callistocythere 

flavidofusca intricatoides and Paijenborchellina 

prona. 

The surface sculptures of ostracod 

carapaces have direct relationship with the 

substrate type. Puri (1966) and Malz and Lord 

(1976) are of the opinion that more ornate and 

rather heavily calcified forms are present 

commonly in shallow water high-energy 

environments and inhabit sandy substrates in 

modern seas. In the Bimili backwaters and 

Balacheruvu tidal stream, Annapurna and Rama 

Sarma (1982) noticed that the genus 

Phlyctenophora occurs in sand dominated areas 

and not in muddy areas. They further noticed that 

the moderately ornamented forms like Tanella, 

Loxoconcha, Paijenborchellina and Kalingella 

occur in considerable numbers in sandy areas. 

Vaidya et al. (1995) observed good faunal 

content in the substrates consisting of medium to 

fine-grained sand, whereas poor occurrence was 

noticed in the clean, coarse-grained sand. Sridhar 

et al. (1998) found a greater number of species in 

siltysand and sandy substrates and less in fine-

grained materials.  

 

OSTRACOD CARAPACE –VALVE RATIO 

The application of statistical data on 

Ostracoda, such as juveniles and adults, closed 

and isolated valves, males and females, right and 

left valves, and smooth and ornamented forms, 

etc. Besides colour variation, pyritization and 

predation to interpret the environment of 

deposition, rate of deposition and to assess the 

potentiality of sediments as source rocks for 

hydrocarbons has attained importance, during the 

last five decades. 

Honnappa and Venkatachalapathy 

(1978) studied the carapace-valve ratio to 

interpret the rate of deposition of sediments in 

the Mangalore Harbour area, southwest coast of 

India. They found that the occurrence of open 

valves is much more in number than the closed 

one (ratio being 24:1). According to them, this is 

an indicative of a slow rate of sedimentation in 

more agitating waters. While comparing 

Eocene/Oligocene ostracods from southeastern 

Australia and India for petroleum potential 

indicators, McKenzie and Guha (1987) inferred a 

rapid rate of sedimentation through the presence 

of high percentage of carapaces. Sreenivas et al. 

(1991) found rapid rate of sedimentation in  
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Pulicat lake estuary on the basis of 

occurrence of a greater number of closed 

carapaces. Sridhar (1996) from the Palk Bay, off 

Rameswaram identified the carapace to valve 

ratio to 5:1 indicative of the fairly faster rate of 

sedimentation.   

Hussain and Rajehswara Rao (1996) 

observed a greater number of carapaces than 

open valves along inner shelf sediments, the east 

coast of India. While the number is much less 

from the sediments from off the west coast of 

India. From this observation, they inferred that 

the rate of sedimentation is rapid on the east 

coast, whereas it is slow on the west coast of 

India, which is attributed to a greater number of 

streams/rivers flowing and debouching the 

sediments into the Bay of Bengal. Hussain et al. 

(2002) studied carapace and valve ratio and 

observed faster rate of sedimentation in the inner 

shelf of Gulf of Mannar, off Tuticorin, southeast 

coast of India. They counted four – fold 

occurrence of carapaces to open valves, 

which was attributed to the inflow of 

sediments through Tamirabarani River. 

Faster rate of deposition of the sediments 

favours conversion of organic matter into 

hydrocarbons, in reduced aquatic 

conditions, under optimum temperature 

and pressure. Ganesan and Hussain 

(2010) observed a faster rate of 

sedimentation in Tamiraparni Estuary, 

Punnaikayal, near Tuticorin, Tamil Nadu. 

Scott (2009) has inferred comparatively a 

faster rate of deposition of sediments in 

the Ennore creek, near Chennai. 

Kalaiyarasi (2010) has also noticed a 

very high rate of sedimentation in the 

Mullipallam creek, near Muthupet 

through the carapace and valve ratio of 

Ostracoda.  

In the present work, the ratio 

between the carapaces and open valves 

has been taken into consideration for the 

determination of the rate of 

sedimentation in the study areas. The 

distribution of the carapaces and open 

valves found down core in the study area 

is given in Table 2. From a total of 21 

sub-samples of this core, as many as 897 

ostracod shells were recovered including 

855 specimens are carapaces and 

remaining 42 specimens are open valves.  

 

DISCUSSIONS  

Of the 27 species encountered in 

the study area, only 4 are smooth forms 

while the remaining are either 

moderately calcified, moderately 

reticulate and ridged, pitted or highly ornate 

forms. The Gadilam river estuary is considered 

to be shallow and the substrate is mainly silty-

sand in nature. Certain forms are slightly 

calcified, whereas most of the other forms are 

ornamented with strong reticulations, sinuosity 

and tubercles. These forms are Callistocythere 

flavidofusca intricatoides, Paijenborchellina 

prona, Cytherelloidea leroyi, Cytherelloidea 

sp1., Cytherelloidea sp2., Caudites javana, 

Hemicytheridea reticulata, Hemikrithe peterseni, 

Jankeijcythere mckenziei, Jankeijcythere sp., 

Loxoconcha cercinata, L. megapora indica, L. 

tekkaliensis and Tanella gracilis. The silty-sand 

substrate carrying some organic debris yielded a 

good number of Ostracoda. These sediments also 

contain numerous other micro-organisms such as 

foraminifera and micro gastropods. The present 

material incorporates numerous carapaces and 

few open valves, but there are fewer dimorphic 

Table 2. Distribution of Ostracod Carapaces and open valves in core 
sediments recovered from the Gadilam river estuary 

S.No Species Name Carapace Valve Total 

1 Cytherlloidea leroyi 8 1 9 

2 Cytherlloidea sp.1 3 0 3 

3 Cytherlloidea sp.2 1 0 1 

4 Hemicytheridea bhatiai 98 2 100 

5 Hemicytheridea paiki 35 3 38 

6 Hemicytheridea khoslai 15 0 15 

7 
Hemicytheridea 
reticulata 106 4 110 

8 Neomonoceratina jaini 3 0 3 

9 Jankeijcythere mckenziei 144 5 149 

10 Jankeijcythere sp. 9 1 10 

11 
Neosinocythere 
dekrooni 45 4 49 

12 

Callistocythere 
flavidofusca 
intricatoides 3 0 3 

13 Tanella gracilis 85 7 92 

14 Hemikrithe peterseni 6 1 7 

15 Caudites javana 3 0 3 

16 Loxoconcha cercinata 4 0 4 

17 L.megapora indica 41 4 45 

18 L.tekkaliensis 7 0 7 

19 Paijanborchellina prona 10 1 11 

20 P.indoarabica 4 0 4 

21 Paijanborchellina sp. 2 0 2 

22 Xestoleberis variegata 2 0 2 

23 Kalingella mckenziei 190 8 198 

24 Kalingella sp. 8 0 8 

25 Macrocyprina decora 7 0 7 

26 

Propontocypris 
(Schedopontocypris) 
bengalensis 6 0 6 

27 
Phyctenophora 
orientalis 10 1 11 

Total 855 42 897 
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forms and juveniles. The number of carapaces, 

valves and sex ratio reflect ambient energy 

conditions.   

Most of these species are indicative of 

typical marginal marine brackish water taxa. 

They frequently occur in the mangrove habitats. 

Their distributions in the core samples deduce a 

medium to low energy environmental conditions 

of deposition of sediments. It also reflects in the 

type of sediments deposited. The occurrence of 

taxa such as Cytherelloidea leroyi, 

Paijenborchellina prona, Phlyctenophora 

orientalis, P. (Schedopontocypris) bengalensis 

and Xestoleberis variegata represents shallow 

marine to neritic habitat forms (Zhao and 

Whatley, 1988; 1989a). Their distribution in the 

core may be attributed to the tidal fluctuations 

and deposition of the sediments due to the 

shallow water currents. However, the persistent 

occurrence of T. gracilis in the core indicates 

that this species is considered as cosmopolitan in 

nature (White, 1993; Ganesan and Hussain, 

2010). The spatial distribution of ostracods is 

largely in influenced by the nature of substrate 

besides other environmental factors. Hence it is 

inferred from the microfaunal assessment of the 

shelf region off Chennai–Cuddalore that this area 

experiences well-oxygenated, alkaline, high-

moderate energy conditions within a tropical 

environmental setting (Tabita Symphonia and 

Senthil Nathan, 2021). The statistical analysis is 

the easiest method available to understand the 

ostracod species diversity in an area (Hammer et 

al., 2001; Rajkumar et al., 2020).       

 

CONCLUSIONS 

Among 27 ostracod species identified in 

mangrove areas of Gadilam river estuary, the 

sediment ecological discussion for the following 

nine species namely, H. paiki, H. reticulata, 

Jankeijcythere mckenziei, Kalingella mckenziei, 

Loxoconcha  megapora indica, L. tekkaliensis, 

Neosinocythere dekrooni and Tanella gracilis is 

found that they are typical brackish water 

ostracod fauna occur in fine to medium-grained 

sediments (silty-sand substrate) and they are 

considered as a widespread and abundant 

persistent taxa in the mangrove environments. 

The interpretation on ornamentation of ostracod 

carapace reflects that the forms, which are 

smooth and finely pitted, prefer finer substrate, 

while the highly calcified and ornamented forms 

prefer coarse-grained sediments. 

In the Gadilam river estuary, it is 

observed that the calcium carbonate content of 

the sediment is one of the important parameters, 

which governs the population of Ostracoda, 

especially its vertical distribution. The calcium 

carbonate content is generally found to be 

directly proportional to the population size. The 

organic matter content shows lower values in the 

entire core collected in the Gadilam river 

estuary. The impact of this parameter on the 

distribution of ostracod fauna down the core is 

insignificant level.    

The high numbers of ostracod diversity 

values are noticed in middle portion of the core 

samples, it is also inferred that silty-sand is the 

favorable substrate for the thriving and 

abundance of the fauna. The relatively higher 

diversity index encountered in the samples is 

attributed to the nature of substrate, silty-sand. 

The domination of siltysand sediments in the 

entire core without any textural variations may 

be due to the presence of uniformly more or less 

medium energy environmental conditions of 

deposition of sediments in the mangrove area of 

core collection. 

The distribution of carapaces and open 

valves, in Gadilam River estuary core sediments 

(considering all adults and juveniles together), 

reveals that the carapaces outnumbered open 

valves, which may be concluded that relatively a 

very faster rate of sedimentation prevails in the 

core sample as the carapace to valve ratio is 

20:1. In the core sediments, almost all the 

carapaces are light yellow and white in colour, 

supporting the fact that the sediments were 

deposited under normal oxygenated 

environment. 
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ABSTRACT  
The National Highway-244 is highly susceptible to landslide occurrences, frequently 

resulting in road blockades and causing significant hardships for the local population. These 

landslides pose a threat to human lives, property and the environment, leading to substantial 

losses. In this study, an attempt has been made to carry out landslide susceptibility assessment 

through frequency ratio method along the National Highway-244 utilizing GIS and statistical 

computations. It considers eight parameters, which include topographical (slope, slope aspect, 

slope curvature, hill shade, and relief), anthropogenic (distance to road and distance to river) and 

geological parameters that mostly influence the occurrence of landslides in the area under 

investigation. The present study focuses only along National Highway-244 and data has been 

gathered from field visits and secondary sources. The results of the study inferred that the area 

under investigation falls into different susceptibility zones, namely very high, high, moderate, low, 

and very low, covering approximately 15%, 31%, 27%, 19%, and 8%, respectively of the total 

area. This study reveals that a considerable proportion, around 73%, of the study area falls within 

very high to moderate susceptibility zones. The conclusions drawn from this study hold significant 

implications for stakeholders and also provide valuable insights for future planning and 

infrastructure development, enabling them to make informed decisions. By considering the 

susceptibility zones identified in this study, stakeholders can implement appropriate measures to 

mitigate the impact of landslides, ensuring the safety and stability of the region. 

 

Keywords: Landslide susceptibility, National Highway-244, Frequency ratio, GIS. 

 

INTRODUCTION 

The term landslide in our national language 

has been referred as “Bhuskhalan” where the word 

‘Bhu’ stands for “earth” and the word “skhalan” 

stands for “movement” which undoubtedly 

articulates that it is the movement of earth under the 

influence of gravity. Landslide phenomenon is one of 

the most widely spread natural hazard in India 

particularly in hilly regions and along road networks. 

Every year, India experiences a considerable number 

of landslides events, particularly during rainy 

seasons or incessant rainfall, inflicts huge losses in 

terms of life and property (Singh and Bhat, 2010, 

2011). The problem of landslides is of grave concern, 

especially during monsoon season as it seriously 

affects the livelihood of people by disrupting various 

networks, which are very critical for sustaining daily 

life. Landslide events are primarily triggered by 

heavy precipitation, earthquakes and anthropogenic 

activities (Bhat et al., 2002; Sangra et al., 2017; 

Hussain et al., 2018; Singh et al., 2018). The 

thorough understanding about the frequency, 

character, pattern and size of slope plays a decisive 

role in the effective management of landslide hazard. 

Landslide is one of the most frequent natural 

disasters which resulted in vast amounts of 

destructions (infrastructure, property, and lives) 

around the world. According to Gyawali et al., (2021) 

the highest number of fatalities due to landslides in 

recent years has been reported from China (695) 

followed by Indonesia (465), India (352), Nepal 

(168), Bangladesh (150) and Vietnam (130). An 

estimated 89.6% of all fatalities across the world 

were brought on by landslides triggered by heavy 

rain (Petley, 2008). With regard to understanding, 

evaluating and investigating landslide hazards, this 

concept emphasizes the necessity of anticipating both 

location-based spatial probability and 

time/frequency-based temporal probability (Tien et 

al., 2012; Hussain et al., 2019). 

 

Landslide susceptibility (LS) assessment 

provides a relative estimation of the spatial 

occurrences of landslides in a mapping unit, which 

aids in quantifying the volume or area and the spatial 

likelihood of a landslide event depending on the 

geology of the area. It involves the integration of 

various geospatial data and factors that contribute to 

landslide occurrences. It aims to identify areas with 

a higher potential for landslides, allowing for better 

understanding and management of landslide hazards. 

In landslides susceptibility mapping (LSM), 

frequency ratio method is one of the most widely 

used technique among bivariate statistical 

procedures (Chimidi et al., 2017; Hamza and 

Raghuvanshi, 2017; Girma et al., 2015; Lee and Min, 

https://doi.org/10.51710/jias.v40iII.326
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2001). This approach makes 

use of the relationships 

between the spatial 

distribution of previous 

landslides in the area and that 

of relevant contributory 

factors (Lee, 2005; Pradhan 

and Lee, 2009; Akgun et al., 

2012; Girma et al., 2015; 

Moung-Jin et al., 2014; 

Chimidi et al., 2017). 

Landslide susceptibility 

mapping, a significant 

approach (Chen et al., 2018) 

involves the result of 

combining all factor maps 

based on their weight for 

classifying the 

landslide susceptibility index 

into several susceptibility 

categories. The frequency 

ratio technique for 

landslide susceptibility 

mapping has been employed 

by various authors (Yilmaz, 

2009; Fayez et al., 2018; 

Khan et al., 2019; El Abidine 

and Abdelmansour, 2019) in 

their studies to analyze 

vulnerability and to assess the 

association of different 

factors and landslide occurrences. Several studies 

(Gabet et al., 2004; Kanungo et al., 2006; Guzzetti et 

al., 2007; Alvioli et al., 2014) have focused on 

creating landslide susceptibility maps in 

mountainous regions, including the Himalayas to 

understand the causes of landslides. The frequency 

ratio value greater than one indicates a significant 

correlation of the factor class with landslide 

occurrences, while as the ratio less than one suggests 

a reduced correlation (Lee and Min, 2001; Girma et 

al., 2015; Chimidi et 

al., 2017). Shahabi et 

al., (2012) also 

conducted a landslide 

susceptibility study in 

Iran using variables 

such as slope, slope 

aspect, distance to 

road, distance to 

drainage network, 

distance to fault, land 

use, precipitation, 

elevation and 

geological factor. 

Overall, landslide 

susceptibility 

assessment has 

witnessed significant 

advancements, with 

various models and techniques being employed 

worldwide to understand and predict landslide 

occurrences based on causal factors and their 

associations. The present study attempted to classify 

the study area into different susceptibility categories 

using frequency ratio model. 

 

STUDY AREA 

The present study is confined between 

Batote and Doda sector of the National Highway-244 

(NH-244) which falls in the Outer and Lesser 

Figure 1. Location map of the study area (divaGIS). 

Figure 2. Google Earth image showing landslide locations of the study area (Google earth Pro).                                 
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Himalaya tectonic zones of the northwestern 

Himalaya. The proposed study area covers parts of 

Batote (latitudes 33°07'18.46"N and longitudes-

75°19'17.66"E) and Doda (latitudes 33°08'45.53"N 

and longitudes 75°32'52.81"E) within Ramban and 

Doda districts of Jammu and Kashmir (Figs. 1 and 

2). In this belt, about 90% of the region is made up 

of structural hills, which are mostly inhabited by 

Salkhalas, Jutogh group (Rocks of Panjal Thrust 

zone in J&K which includes Bhimdasa Formation, 

Sincha Formation etc.) and granites. The area is 

characterized by prominent structural units i.e., 

Murree thrust and Panjal thrust. 

 

MATERIALS AND METHODS 
In this study, three sets of key parameters 

(topographical, anthropogenic and geological) that 

influence the origin of landslides were considered for 

analysis. The topographical parameters include 

slope, slope aspect, slope curvature, hill shade, and 

relief. On the other hand, the anthropogenic factors 

considered are the distance to road and the distance 

to river and the third parameter is geology of the 

study area. These parameters were analyzed to 

determine their respective influences on the origin of 

landslides. The methodology employed for landslide 

susceptibility mapping includes GIS and statistical 

calculations involves several key steps. Initially, a 

landslide inventory is prepared by creating polygons 

to represent the precise locations of landslides. These 

layers were transformed into a raster format for each 

factor considered for investigation and layers are 

resampled into uniform pixel size. To facilitate 

analysis, the raster layers are categorized based on 

specific themes and reclassified accordingly. To 

analyze the relationship between landslides and the 

factors, the tabulated 

area tool in the Arc-

GIS toolbox has used 

to obtain a table for 

each factor after 

reclassification. Then 

overlay and clip 

operations are 

employed to calculate 

pixel statistics of 

landslides within each 

class of a particular 

factor. The weight of 

each factor is 

determined based on 

the landslide inventory. 

These weights are then 

used to combine all 

thematic layers, 

resulting in the 

creation of the 

Landslide 

Susceptibility Index 

(LSI) map. Finally, the 

study region is divided into five relative landslide 

susceptibility zones: Very low, low, moderate, high, 

and very high.  

 

LANDSLIDE SUSCEPTIBILITY 

ASSESSMENT USING FREQUENCY RATIO 

METHOD 

The important aspect of landslide 

susceptibility involves the combination of several 

causative factors based on their weight, which are 

determined by various statistical approaches. In 

present study, the frequency ratio (FR) approach has 

been chosen as the primary analysis method for 

conducting a preliminary probabilistic assessment. 

This approach is favored due to its mathematical 

simplicity and relatively quick evaluation time. The 

quantitative relationship between landslide 

occurrences and other causal factors can be described 

as a frequency ratio (Pradhan et al., 2012). The 

frequency ratio value greater than 1 indicates a good 

correlation, while values lower than 1 indicates a low 

correlation (Lee and Min, 2001; Girma et al., 2015; 

Chimidi et al., 2017). The formula used for 

calculating the Frequency Ratio is as follows:  

 

FR= Nl p / N 

         Nlpi / Nl 

 

Where, Nlp = the number of pixels in each 

landslide conditioning factor class; 

N = the total number of pixels in the research region;  

Nl = total number of landslide pixels in the study 

region and  

Nlpi= number of landslide pixels in each landslide 

conditioning factor class.  

 

Figure 3. Landslide inventory of the study area. 
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LANDSLIDE 

INVENTORY 
The 

landslide inventory 

generally refers to a 

comprehensive 

record of land 

sliding events 

within a specific 

area. It includes the 

locations, 

characteristics, and 

attributes of 

individual 

landslides, 

providing valuable 

information for 

landslide 

susceptibility and 

hazard assessment 

studies. This is 

considered as a base 

for determining a 

site's susceptibility 

to landslides. For 

the purpose of forecasting future 

landslides, the data's accuracy greatly 

depends on past and present landslides 

(Reichenbach et al., 2018). The landslide 

inventory (Fig. 3) offers insights into the 

many types of landslides, their failure 

mechanisms, their locations, their 

triggers, as well as their frequency of 

occurrence, density and damage (Van 

Westen et al., 2008). In this study, a 

comprehensive landslide inventory map 

was developed by identifying and 

mapping a total of 150 landsliding events. 

Field visits were conducted to verify the 

accuracy and validity of certain locations 

within the inventory.  
 

RESULTS AND DISCUSSION 

The frequency ratio (FR) is a 

statistical method used to assess the 

relationship between landslide 

occurrences and other causative factors. 

It involves calculating the ratio of the 

frequency of landslides within specific 

categories of a particular factor to the 

frequency of landslides within the entire 

study area. The frequency ratio approach 

is being utilized in this study in order to 

quantify the association between 

landslides and various causal factors (Fig. 

4), aiding in the assessment of landslide 

susceptibility. The frequency ratio values obtained 

for the various conditioning factors are given in 

Tables 1 and 2. The stronger link between the 

parameters and the likelihood of a landslide is 

represented by a higher value of FR (>1). 

 

The results reveal important insights into 

the susceptibility of landslides based on various 

Figure 4 (a-d). Showing conditioning factors of the study area: a) Slope map, b) Aspect map, c) 

Curvature map, and d) Hill shade map. 

 

Figure 4 (e-i). Showing conditioning factors of the study area: e) Relief 

map, f) Distance to road map, g) Distance to river map, h) Geology map, 

and i) Landslide susceptibility zonation map. 
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factors. In slope sub-categories, the highest 

frequency ratio value (3.305) is observed in the range 

of 0-100, indicating the highest possibility of 

landslides (Fig. 4a). The high probability of 

landslides within 0-100 slope range can be attributed 

to poor geological conditions, increased 

anthropogenic activities which effect natural 

drainage system of the area and result soil erosion, 

particularly during incessant rainfall. These factors 

jointly emphasize the highest probability of 

landslides occurrences within 0-100 of slopes in the 

area. On the other hand, the slope sub-categories 500-

600 and >600 exhibit the lowest frequency ratios 

(0.476 and 0.145) respectively indicating low 

possibilities of landslides. Additionally, slope sub-

categories 100-200, 200-300, 300-400, and 400-500 also 

have frequency ratios greater than 1 (2.109, 2.108, 

1.554, and 1.028), suggesting a significant risk of 

landslide occurrences in those areas as well. The 

slope map of the study area inferred that flat regions 

(2.10) have greatest impact on landslide occurrence 

(Fig. 4b). This suggests that areas with flat slopes are 

more susceptible to landslides compared to other 

slope aspects. The north aspect (1.55) suggests that it 

has a notable influence on landslide occurrence 

within the study area. North-facing slopes receive 

less direct sunlight, leading to reduced evaporation 

and potentially increased moisture retention. This 

increased moisture content can contribute to soil 

saturation and reduced stability, making north-facing 

slopes more susceptible to landslides. Similarly, the 

northeast and southeast aspect indicating moderate to 

low impact on 

landslide occurrence. 

The slope curvature 

map indicates highest 

frequency ratio value 

for flat curvature 

(1.11), which suggest 

that it  

has the 

greatest impact on 

landslides (Fig. 4c). 

The absence of slope 

in flat areas can 

contribute to the 

accumulation of water 

and instability of the 

soil, increasing the 

likelihood of 

landslides. The 

convex curvature 

(0.96) on the other 

hand has a lower 

frequency ratio 

compared to flat 

curvature but still 

shows a significant 

impact on landslides 

whereas, convex 

terrain features are characterized by slopes that curve 

outward or away from the observer. These areas may 

experience landslides due to the concentration of 

water and increased erosion along the convex slopes, 

leading to instability. The concave curvature has the 

lowest frequency ratio (0.756) among the three 

curvatures mentioned. However, it still demonstrates 

a moderate impact on landslides. The hill shade 

results inferred that the smaller hill shade range has 

a more pronounced influence on landslide 

occurrence compared to the greater hill shade range 

(Fig. 4d). The relief map of study area suggests that 

areas with low relief have greater influence on 

landslide occurrence due to water accumulation, 

reduced soil stability, and increased pore pressure. In 

contrast, areas with high relief have lower landslide 

susceptibility due to enhanced drainage, reducing the 

chances of landslides (Fig. 4e). The distance to road 

map of the study suggests that farthest distance from 

road (3432-4290 m) with a frequency ratio value 

(1.821) has highest impact on landslide occurrence 

(Fig. 4f). This may be attributed to factors such as 

limited accessibility for maintenance and 

monitoring, potentially leading to increased 

instability. The areas in closer proximity to the road 

indicate the lowest impact on landslide occurrence. 

This may be due to better accessibility, maintenance, 

and monitoring, leading to reduced landslide 

susceptibility compared to areas farther from the 

road. Similarly, the distance to river map of the study 

area suggests that areas in close proximity to the river 

within 0-629 m range are highly susceptible to  

Table 1. The Frequency Ratio (FR) values obtained for slope, Aspect and Curvature parameters  

S. No. Parameters Classes Class 
Pixels 

Class 
Pixels % 

Landslide 
Pixels 

Landslide 
Pixels % 

FR 

 
 
1. 

 
 
Slope 

0-10⁰ 8526 8.220 105 2.487 3.305 

10⁰-20⁰ 16479 15.887 318 7.532 2.109 

20⁰-30⁰ 21187 20.426 409 9.687 2.108 

30⁰-40⁰ 22828 20.008 598 14.164 1.554 

40⁰-50⁰ 19072 18.387 755 17.883 1.028 

50⁰-60⁰  11288 10.882 965 22.856 0.476 

>60⁰  4348 4.192 1072 25.391 0.165 

Total  103728  4222 100 10.745 

 
 
 
 
2. 

 
 
 
 
Aspect 

Flat  15843 15.274 307 7.271 2.100 

North   13062 12.593 342 8.100 1.555 

Northeast    11516 11.102 385 9.119 1.217 

East    9535 9.192 396 9.379 0.980 

Southeast   11565 11.149 441 10.445 1.067 

South    10440 10.065 447 10.587 0.951 

Southwest  9314 8.979 481 11.393 0.788 

West   9309 8.974 645 15.277 0.587 

Northwest    13144 12.672 778 18.427 0.688 

Total   103728  4222 100 9.933 

 
3. 

  
Curvature 

Concave   17450 16.424 917 21.720 0.756 

Flat   65018 61.196 2325 55.069 1.111 

Convex  23777 22.379 980 23.212 0.964 

Total  106245  4222 100 2.831 
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landslides (Fig. 4g). This may be due to river erosion, 

water saturation and high pore pressure which 

decreases slope stability and increased landslide risk 

in these areas. In contrast, the areas farther away 

from the river are less prone to landslides. These 

areas may experience less direct 

influence from river-related 

processes, such as erosion or 

fluctuating water levels, 

resulting in reduced landslide 

susceptibility. The geological 

set-up of the area also plays a 

significant role in landslides. 

The Jutogh group (has a higher 

FR value of 0.0565, followed by 

the Salkhalas with a FR value of 

0.0338, and the granites with a 

FR value of 0.0269 (Fig. 4h). 

Because just a small portion of 

the research region is located in 

the undifferentiated 

lesser Himalayan belt, so it does 

not have a significant impact. 

These observations indicate a 

clear relationship between 

various parameters and 

landslide vulnerability. 
However, it is essential to 

consider these observations 

within the context of the specific 

study area and the limitations of 

the frequency ratio method, as 

landslide susceptibility is 

influenced by various factors 

beyond these parameters such as 

geology, rainfall, anthropogenic 

activities and land cover to gain 

a comprehensive understanding 

of landslide susceptibility. 

 

Landslide 

Susceptibility Index (LSI) is a 

quantitative parameter used in landslide 

susceptibility analysis. It is a numerical value 

assigned to different locations within a study area to 

represent their relative susceptibility to landslides. 

The LSI is typically derived through a combination 

of various factors and variables that contribute to 

landslide occurrence, such as topography, geology, 

slope, land cover, rainfall, and historical landslide 

data. Landslide susceptibility mapping based on the 

LSI allows for the identification and delineation of 

areas with different levels of landslide hazard. The 

creation of a landslide susceptibility map of the study 

area involves dividing the Landslide Susceptibility 

Index (LSI) into distinct classes that define different 

levels of susceptibility. This is achieved by applying 

the following equation to assign each LSI value to a 

specific class representing its susceptibility level. 

LSM Fr = Total sum of (weight* factor map) 

 

The landslide susceptibility index values 

obtained help in the categorization of the area under 

investigation into five zones: very low, low, 

moderate, high, and very high (Fig. 4i). The area 

covered by each class of landslide susceptible map 

using the FR approach is presented in Table 3. The 

results of the study inferred that study area falls into 

five susceptibility zones, namely very high, high, 

moderate, low, and very low. The distribution of 

these classes in terms of the area's percentages has 

been illustrated through a pie chart (Fig. 5a). It 

revealed that the very high and high landslide 

susceptibility zones account for 15% and 31% of the 

total area, respectively. The high-susceptibility zone 

dominates with the highest percentage (31%). 

Significantly, the study reveals that a considerable 

proportion, around 73%, of the study area falls within 

susceptibility zones ranging from very high to 

moderate. The overview of the distribution of 

landslide susceptibility classes and the general 

relationship between landslide likelihood and each 

susceptibility class, emphasizing the significant 

presence of the high-susceptibility zone within the 

Table 2. The Frequency Ratio (FR) values obtained for Hill shade, Relief, Distance to road, Distance 
to river. 

S. No. Parameters Classes Class 
Pixels 

Class 
Pixels 
% 

Landsli
de 
Pixels 

Landslid
e Pixels 
% 

FR 

 
4. 

 
Hill shade 

0-67    8962 8.708 928 22.006 2.527 

67-117  17625 17.125 889 21.081 1.231 

117-162   22010 21.386 764 18.117 0.847 

162-206   26689 25.932 736 17.453 0.673 

Total  102919     4217 100 6.073 

 
 
5. 

 
 
Relief 

695-918   20894 19.666 1112 26.313 1.338 

918-1098  29509 27.774 1423 33.673 1.212 

1098-1273    25133 23.656 1081 25.580 1.081 

1273-1473  19844 18.678 528 12.494 0.669 

1473-1935   10865 10.226 82 1.940 0.190 

Total  106245  4226 100 4.490 

 
 
6. 

 
 
Distance to 
road 

0-858   41127 38.691 1713 40.554 1.048 

858-1716  29740 27.978 923 21.851 0.781 

1716-2574  17347 16.320 614 14.536 0.891 

2574-3432    12291 11.563 555 13.139 1.136 

3432-4290   5791 5.448 419 9.920 1.821 

Total  106296     4224 100 5.677 

 
 
7.  

 
 
Distance to 
river 

0-629   36202 34.058 1871 44.295 1.301 

629-1363   33181 31.216 1461 34.588 1.108 

1363-2371   17895 16.835 383 9.067 0.539 

2371-3714   11181 10.519 401 9.493 0.903 

3714-5350   7837 7.373 108 2.557 0.347 

Total  106296     4224 100 4.197 

 
 
8. 

 
 
Geology 

Undifferentiated 
Lesser 
Himalayan belt 

   23     0    0 0.000 0 

Granite 9143 0.086 246 0.058 0.0269 

Salkhala 63266 0.624 2239 0.530 0.0338 

Jutogh group 30804 0.290 1739 0.412 0.0565 

Total  106296  4224 100 0.1171 
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study area (Fig. 5b) is also established. The landslide 

susceptibility results of the study area have been 

quantified and categorized into different zones, 

indicating varying levels of risk. 

 

 

CONCLUSIONS 
The study utilized eight conditioning 

factors, including slope, slope aspect, slope 

curvature, hill shade, relief, distance from road, 

distance to river, and geology along with landslide 

inventory, to determine the Landslide Susceptibility 

Index (LSI) within a GIS environment. The model 

used in this study predicts the landslide susceptibility 

along the national highway-244 (NH-244) from 

Batote to Doda Road stretch with a reasonable level 

of accuracy. The findings of the present study suggest 

that anthropogenic activities in conjunction with 

factors like slope morphometry, geology, and rainfall 

play a key role influencing landslide occurrences. 

The growing population has led people to unplanned 

activities on slopes which increases the vulnerability 

to landslides. The susceptibility maps derived from 

this study can serve as essential tools for future 

construction projects, aiding in the planning and 

management of the area to mitigate the risk to life 

and property. High and very high susceptibility zones 

require additional attention regarding engineering, 

geological and geotechnical considerations, while 

low susceptibility zones generally present a safer 

environment for construction activities. It is crucial 

to urgently address the risk of landslides particularly 

in high and very high susceptibility locations, to 

prevent disruptions along Batote to Doda highway-

244, which can result in significant inconvenience, 

financial losses, and human casualties. 
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ABSTRACT 

In this study, we report Scanning Electron Microscopy (SEM) images of quartz grains in the 

Acapulco beach, Mexican Pacific. The morphology of quartz grains is angular, sub-angular, sub-

rounded, rounded, and well-rounded. The variations in the morphology of quartz grains are 

indicating both nearby and distance sources. The rounded and well-rounded grains support for a 

long transport distance and a distal source. Microtextures of mechanical and chemical origins are 

identified in quartz grains. The mechanical features include, bulbous edges (ble), elongated 

depression (ed), parallel striations, crater, meandering ridges (mr), arcuate steps, conchoidal 

fractures (cf), v-shaped marks (v-s), and broken grain. These mechanical features indicate the 

combination of fluvial, aeolian, and subaqueous environments. The conchoidal fractures are 

characteristic of crystalline rocks. Arcuate steps and meandering ridges are indicating a high 

wave energy. The striations on grain surfaces are due to collision between two grains, probably 

during an aeolian transport. 

The chemical features include adhered particles (ap), solution pit (sp), silica globule, crystal 

overgrowth (crg), precipitation, and trapped diatoms. The solution pits and precipitation are 

indicating the diagenetic processes in a silica saturated coastal environment. A few grains are 

associated with both mechanical and chemical features, suggesting a dual environment, probably 

littoral and marine. Trapped diatoms identified in quartz grains are Cocconeis guttata and 

coccolith. 

 

Keywords: SEM, sand grains, microtextures, beach sediments, active margin. Pacific Ocean 

 

INTRODUCTION 
Microtextures of quartz grains are one of the 

widely applied techniques to infer the 

palaeoenvironment of a particular region (Machado 

et al. 2016; Ramos-Vázquez et al., 2023; Saha and 

Sinha, 2023). Although microtextures on quartz 

grains are influenced by the medium of transport, 

their types are distinct for the fluvial, littoral, and 

aeolian environments. Hence, the combination of 

different features in a single quartz grain is reliable 

to predict the paleoenvironment (Costa et al., 2019; 

Darshan et al., 2022). In general, the microtextures 

in quartz grains are due to grain-to-grain collision 

during transport, either by wind or water, and their 

types are varying, depends on the energy in the 

depositional environment or medium of transport. 

In fact, rounded and angular quartz grains indicate 

long and short transport distance, respectively 

(Mathur et al. 2009; Armstrong-Altrin, 2020). 

Several authors documented that conchoidal 

fractures, arcuate steps, striations, and linear 

fractures are typical of mechanical origin. 

Similarly, other studies grouped solution pits, 

adhered particles, and trapped diatoms on quartz 

grain surfaces into chemical origin. On the other 

hand, a quartz grain dominated by both chemical 

and mechanical origin are subjected to a 

heterogenous provenance. Hence, differentiating 

the microtexture types on quartz grain surface by 

SEM is a powerful tool to predict the 

palaeoenvironment (Madhavaraju et al. 2021; 

Passchier et al., 2021).  

In Mexico, a very few authors studied the 

microtextures of quartz grains recovered from the 

coastal sediments. Some of them are briefly 

discussed below: Madhavaraju et al. (2021) 

https://doi.org/10.51710/jias.v40iII.328
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analyzed the sand grains in the Gulf of California 

beach and Ramos-Vázquez (2023) described 

various types of microtextures of quartz grains in 

the Puerto Chiapas beach, Mexican Pacific. Others 

discussed the morphology of sands grains 

recovered from dunes, along the Mexican Pacific 

coast (Kasper-Zubillaga 2009; Mejía-Ledezma et 

al., 2020). Recently, Ramos-Vázquez and 

Armstrong-Altrin (2021a, b) and Armstrong-Altrin 

et al. (2021, 2022), studied the palaeoenvironment 

of the Gulf of Mexico coastal region, based on the 

surface features of quartz grains obtained by SEM 

images. However, studies on quartz grain surface 

features from the Mexican Pacific coast is very 

little. In this study, we report the microtextures of 

quartz grains recovered in the Acapulco beach 

sediments in the Mexican Pacific coast, Mexico. 

The objective of this study to identify the 

microtextures and to infer the palaeoenvironment.  

 

STUDY AREA 

The Acapulco beach (16°50´22.52" N and 

99°51´03.12" W) is in the Guerrero State, Mexican 

Pacific coast, southern part of Mexico (Fig. 1). 

About 10 sediment samples were collected in the 

Acapulco beach and ~ 20-30 quartz grains were 

selected for SEM study. In the Guerrero Stata rocks 

are dominated by: (1) granites and granitoids of 

Early Paleocene; (2) volcanic rocks of intermediate 

to acid composition, mostly of Early Tertiary age; 

(3) sedimentary rocks of Mesozoic to Tertiary ages; 

and (4) Quaternary alluvium. Sediments in the 

Acapulo beach are supposed to derive from the 

Guerrero terrane (Verma et al., 2017, 2020). The 

Guerrero terrane is associated with Late Jurassic to 

Early Cretaceous igneous and sedimentary rocks 

considered to be developed in an intra-oceanic 

setting (Ortega-Gutiérrez, et al., 2004). The major 

rivers that discharge relatively near to Acapulco 

beach is Cihuatlán. A warm humid climate prevails 

with an average annual maximum temperature of 

28°C and a minimum of 22°C, whereas during 

summer raining with a variation from 2 to 15mm 

(CONANP, 2003).  

 

METHODOLOGY 

SCANNING ELECTRON MICROSCOPY - 

SEM 

Quartz grains were picked from 10 

sediment samples (~ 2 kg each) under the binocular 

microscope. The quartz grains were treated with 

5% diluted hydrochloric acid solution to remove 

soluble carbonates. The grains were dried at 50° C 

and were coated with thin gold film (Armstrong-

Altrin and Natalhy-Pineda, 2014). The JEOL 

JSM6360LV - SEM equipped with secondary 

electron detector is used to infer microtextures, 

which is located at Instituto de Ciencias del Mar y 

Limnología (ICML), Universidad Nacional 

Autónoma de México (UNAM).  

 

RESULTS  

The different types of microtextures 

identified by SEM are shown in Figures 2 and 3. 

Based on their origin the microtextures are 

classified as Mechanical (Fig. 2) and Chemical 

types (Fig. 3). The morphology of quartz grains in 

the Acapulco beach are classified as angular (Fig. 

2A), sub-angular (Fig. 2B), sub-rounded (Fig. 2C), 

rounded (Fig. 2D and E), and well-rounded (Fig. 

2F and G). 

 

Fig. 1 Simplified geological map of the study 

area showing sample location (Modified after 

Armstrong-Altrin, 2009; CONANP, 2003). (a) Map 

showing location of the Acapulco beach, Mexico; (b) 

Volcanic and sedimentary units are: Ig = intrusive 

igneous rocks; Ige = extrusive igneous rocks 

(andesite); Jss = sedimentary rocks (lower Jurassic); 

Mi = intrusive rocks (Mesozoic); Pz = metamorphic 

rocks (Proterozoic); Qal = alluvium (Quaternary); 

Tiv = volcanic rocks (lower Tertiary); Tivc = 

volcanoclastic rocks (lower Tertiary); Tm = marine 

rocks (Tertiary; sandstone, mudstone); To = 

sandstone and limestone (Oligocene); Tsc = clastic 

rocks (upper Tertiary). 
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MECHANICAL ORIGIN 

The microtextures of mechanical origin 

identified in the quartz grains are listed below: 

well-rounded grains with bulbous edges (Fig. 2F 

and G) (ble), elongated depression (ed) (Fig. 2H), 

parallel striations (2I, J, K, and L), crater (2L), 

meandering ridges (mr) (Fig. 2M), arcuate steps 

(Fig. 2M), conchoidal fractures (cf) (Fig. 2N, O, 

and P), v-shaped marks (v-s) (Fig. 2P, Q, R, and S), 

and broken grain (Fig. 2T).  

 

 

 

CHEMICAL ORIGIN 

Microtextures of chemical origin includes, 

adhered particles (ap) (Fig. 3A, B, and C), solution 

pits (sp) (Fig. 3B, C, D, E, F, and G), silica globule 

(Fig. 3 H), crystal overgrowth (crg) (Fig. 3H, I, J, 

and L), precipitation (Fig. 3K and L), and trapped 

diatoms (Fig. 3 L, M, N, O, and P). 

 

 

 

 

 

 

Fig. 2 Surface microtextures on quartz grains identified by SEM from the Acapulco beach, Mexican Pacific: (A) 

angular grain; (B) sub-angular grain; (C) sub-rounded grain; (D) rounded grain; (E) rounded; (F and G) well-rounded 

grains with bulbous edges (ble); (H) elongated depression (ed); (I, J, K, and L) parallel striations; (L) crater; (M) 

meandering ridges (mr); (M) arcuate steps; (N, O, and P) conchoidal fractures (cf); (P, Q, R, and S) v-shaped marks 

(v-s); (T) broken grain with chemical features 
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DISCUSSION 

PALEOENVIRONMENTAL IMPLICATIONS 

MECHANICAL FEATURES 

The mechanical features identified in the 

Acapulco beach sands are indicating a high energy 

coastal environment. Rounded and sub-rounded 

grains are due to abrasion between two grains 

during transport, especially indicating a longer 

transport distance. The rounded grains with 

bulbous edges are indicating an aeolian transport 

and rolling of grains during saltation (Costa et al. 

2013; Ramos-Vázquez and Armstrong-Altrin, 

2019, 2020; Yhasnar et al., 2023). On the other 

hand, angular and broken quartz grains are 

indicating a short littoral transport. The 

combination of angular and well-rounded grains is 

revealing both proximal and distal sources. The 

parallel (Fig. 2I) and sub-parallel striations (Fig. 2J 

and L) on quartz grain surfaces are due to a 

collision between two grains during transport, 

either by wind or littoral transport. Meandering 

ridges and arcuate steps are indicating a grain to 

grain collision during saltation or suspension in a 

subaqueous coastal marine environment (Hossain 

et al., 2014; 2020). Similarly, meandering ridges 

are also indicating a long-distance transport of 

quartz grains in a fluvial environment 

(Madhavaraju et al., 2022). Meandering ridges may 

convert easily to elongated depressions due to large 

scale abrasion (Fig. 2H). A rare feature crater (Fig. 

2L) identified in a quartz grain is indicating an 

impact between two grains with high energy, 

probably during wind transport. Later the impact 

point in a quartz grain is polished due to abrasion 

by wave action in a coastal environment. The 

conchoidal fractures are widely varying in size, i.e. 

small (Fig. 2K and N) and large (Fig. 2L and P). 

Few authors reported that large size conchoidal 

fractures with depressions of about 20-250 µm in 

size may indicate a glaciofluvial origin as well as a 

crystalline source (Mejía-Ledezma et al. 2020; 

Armstrong-Altrin et al., 2021). Similarly, v-s are 

triangular shaped pits, which are also common in 

the analyzed quartz grains and are varying widely 

in their size and frequency. Some of the v-s are 

large in size and are less in number (Fig. 2S). 

However, relative to large v-s, small size v-s are 

abundant and its distribution is high in a single 

grain (Fig. 2Q, and R; Fig. 3C). The origin of v-s is 

due to gouging and a mechanical collision between 

two grains. In general, v-s are suggesting a high 

energy subaqueous environment. However, other 

studies documented that v-s in quartz grains are 

suggesting both glaciofluvial and fluvial transport 

(Madhavaraju et al., 2009; Hossain et al., 2020). In 

summary, this study reveals the combination of 

microtextures derived by both wind and littoral 

transport.  

 

CHEMICAL FEATURES 

Chemical features are abundant in the 

quartz grains from the Acapulco beach. Adhering 

particles on grain surfaces are common, which are 

mostly fragmented rock pieces or other particles 

such as algae, microplastics, foraminifer, etc. (Fig. 

3A and C). Adhering particles are highly reliable to 

infer the diagenetic characteristics of a particular 

depositional environment, i.e. shallow or deep 

water, marine or fresh water, and glacial or eolian 

(Bónová et al. 2020). Solution pits on quartz grains 

are varying widely in their size and shape, which 

are circular, sub-circular, and irregular in shapes 

(Fig. 3F), some of them are bigger in size, greater 

than 15 μm (Fig. 3G). In addition, few solution pits 

identified are smaller in size, similar to raindrop 

prints (Fig. 3C). Solution pits (Fig. 3B, C, D, E, F, 

and G) and precipitation (Fig. 3K and L) are 

indicating different stages of a diagenetic 

environment or chemical action in a marine 

environment, where water is saturated with silica. 

In fact, sea water acidification can also increase the 

intensity of solution activity in a marine 

environment. The frequency of solution pits is 

depending on the availability of silica solution and 

their time of stay in a particular marine 

environment. Similarly, the intensity of solution 

and precipitation in a marine environment is 

depending on the acidity of sea water, grain 

hardness and corrosion strength. The diagenetic 

features are relatively less in heavy minerals, such 

as magnetite, ilmenite, and zircon (Armstrong-

Altrin, 2020). On the other hand, crystal 

overgrowth in quartz grains is frequently observed 

in many grains (Fig. 3H, I, J, and L), indicating an 

in-situ precipitation and an aquatic diagenetic 

environment. Crystal overgrowth in quartz grains 

are generally represented by halite crystals (Fig. I 

and J), but occasionally are associated with silica 

globules, due to silica precipitation (Fig. 3H).  

In addition to chemical features, trapped 

diatoms are identified in many grains, which are 

well preserved and indicating a nutrient rich sea 

water (Fig. 3L, M, N, O, and P). An elliptically 

shaped diatom called Cocconeis guttata (Hustedt 

and Aleem 1951) is identified in a quartz grain 

surface, in a well-preserved form (Fig. 3O). It is 

interesting to note that the distribution of 

Cocconeis guttata was recorded from the coastal 

waters of England (Hustedt and Aleem 1951) and 

France (Riaux-Gobin, 1991). In 2003, it was 

recorded for the first time from the shallow coastal 

waters of the Gulf of Matías, southwestern Atlantic 
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Ocean (Sar et al., 2003). Similarly, a fragmented 

disc shaped coccolith is identified (Fig. 3P), which 

is a single-celled organism, part of the 

phytoplankton, mostly 5-20 µm in diameter. 

Coccoliths form the part of calcite oozes, which are 

utilized in other studies to reconstruct the past 

climate (Arundhathy et al., 2021). Few quartz 

grains are with both mechanical and chemical 

features: 1) a broken grain with silica globule, 

halite, and solution pit (Fig. 2T) and 2) solution 

pits, adhering particles, and v-s (Fig. 3C), which 

are indicating a dual environment. 

 

CONCLUSIONS 

The morphology of quartz grains varies 

from angular to well-rounded, indicating the 

mixing of grains derived from the nearby and distal 

sources. The well-rounded grains in the Acapulco 

beach reveals that the sediments were partly 

supplied by the dunes and re-distributed along the 

coast by a littoral current. The microtextures on 

quartz grains in the Acapulco beach are classified 

as mechanical and chemical origin. The 

microtextures of mechanical origin includes well-

rounded grains with bulbous edges, elongated 

depression, parallel striations, crater, meandering 

ridges, arcuate steps, conchoidal fractures, and v-

shaped marks. Microtextures of chemical origin are 

represented by adhered particles, solution pits, 

silica globule, crystal overgrowth, precipitation, 

and trapped diatoms. 

V-shaped marks, bulbous edges, and 

meandering ridges are indicating littoral and high-

energy marine depositional environment. Parallel 

striations represent a high energy collision and 

abrasion during aeolian transport. The combination 

of v-s and solution pits in a single grain indicates 

that the grain was suffered by both littoral and a 

subaqueous marine environment (dual 

environment). The differences in surface features 

in quartz grains indicate that the sediments were 

transported to the Acapulco beach by aeolian and 

fluvial activities. Silica globules, solution and 

precipitation in quartz grains reveal a silica 

saturated marine environment. The diatoms like 

Fig. 3 Microtextures on quartz grain surfaces in the Acapulco beach, Mexican Pacific: (A, B, and C) adhered 

particles (ap); (B, C, D, E, F, and G) solution pits (sp); (H) silica globule (sg); (H, I, J, and L) crystal overgrowth 

(crg); (3K and L) precipitation; (L) diatom; (M) diatom; (N) enlarged view of previous image; (O) Diatom 

Cocconeis guttata; (P) Coccolith. 
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Cocconeis guttata and coccolith are also identified 

on quartz grain surfaces.  
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ABSTRACT 

     Size, shape, degree of sorting, and composition of sediments in the river channels are 

controlled by climate, lithology, weathering, sorting, and medium of transportation. The present 

investigation is focused on the grain-size and geochemical analysis of the channel sediments of the 

Orsang and Hiren river basins. Major outcrops in the study area are Archaean granites, granitic 

gneisses, Upper Cretaceous to lower Eocene Deccan Volcanic Basalts (DVB), Quaternary 

sediments and minor proportion of Proterozoic low grade metamorphic rocks. The sediments are 

poorly to moderately sorted, very finely skewed, suggesting its derivation from heterogenous 

sources, while the kurtosis value indicates a high-energy depositional environment. The sediments 

are with gravelly sand texture and the mean grain size is varying from 581.9µm to 1284.2µm. The 

DVB provenance of the Hiren river basin and granitic provenance of the Orsang river basin is 

clearly reflected in the texture and geochemical composition of sediments. The TiO2 and Fe2O3 

contents of sediments from the Hiren river basin are distinctly higher and are comparable to the 

basalts of the Saurashtra region of the Deccan Province. Sediments collected after Orsang and 

Hiren rivers confluence and from Narmada river show higher concentration of felsic sources, 

indicating that Orsang river's sediment supply significantly outweighs Hiren rivers. The arkosic-

litharenite nature points towards less transportation and moderate chemical weathering for the 

Orsang river sediments. The low Chemical Index of Alteration (CIA) values (Avg. 48.45 and 56.99 

for Orsang and Hiren rivers, respectively) and A-CN-K plot also suggest the supply of sediments 

from minimally weathered detritus under a semi-arid condition. 
 

Keywords: Sediments, Grain Size, Orsang River, Provenance, Transportation, Weathering 

 

INTRODUCTION 

River sediments are unconsolidated 

fragments of pre-existing rocks that have undergone 

both mechanical and chemical weathering. Both 

weathering and erosion contribute to the degradation 

of the rocks, but this degradation has different 

impact on different types of rocks (Joshua and 

Oyebanjo, 2010). The size and shape of sand grains 

in the river provide ideal information about 

transportation media (Bui et al., 1989); they also 

provide clues on sediment discharge rates and the 

environment during deposition of sediments (Gray 

and Simões, 2008; Williams, 2012). The distribution 

of sand grains is largely influenced by three key 

processes: sediment movement, sediment 

aggregation, and depositional mechanism (Wai et 

al., 2004). Sediment textures and geochemistry have 

been extensively used to extract information on 

provenance, weathering conditions, tectonics, 

fluvial processes, and paleoclimate conditions 

(Nesbitt and Young, 1982; Bhatia, 1983; McLennan 

et al., 1983; Taylor and McLennan, 1985; 

Wronkiewicz and Condie, 1987; Cullers et al., 1988; 

Fedo et al., 1995; Sharma et al., 2013). In this 

context, grain-size data provide clues to sediment 

provenance, transport history, depositional 

conditions, and classifying sedimentary facies and 

environments, which are largely controlled by the 

nature of the source rock and the transport agent 

(e.g., Folk and Ward, 1957; Friedman, 1979; Singh 

and Rajamani, 2001; Bernabeu et al., 2002; Guti 

errez-Mas et al., 2003; Benavente et al., 2005; 

Garzanti et al., 2011) while geochemical 

characteristics reveal the provenance, nature and 

degree of weathering at the source region of 

sediments, which is controlled by lithology, climate, 

and tectonics (Taylor and McLennan, 1985; Singh, 

2009; Mondal et al., 2012; Hernández-Hinojosa et 

al., 2018). In addition, reworking also affects the 

chemical composition of sediments (McLennan, 

1982; Cox and Lowe, 1995). Several authors have 

investigated the fluvial sediments of Indian rivers to 

understand the source and process controls on the 

geochemistry of sediments (Jain and Tandon, 2003; 

Juyal et al., 2006; Sanyal and Sinha, 2010; Garçon 

and Chauvel, 2014; Maharana et al., 2018). 

However, textural and geochemical studies on the 

fluvial sediments from Orsang and Hiren river 

basins, which are part of west-flowing river system, 

are yet to be studied. Additionally, distinctly 

different spatio-temporal geologic domains are 

traversed by Orsang and Hiren rivers, making them 

strongly suitable for understanding provenance 

control. The data generated in the present study will 

https://doi.org/10.51710/jias.v40iII.310
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help to unravel the effect of weathering, provenance 

and variations in the textural and geochemical 

characteristics of sediments.  

 

STUDY AREA 

The Orsang river is one of the major 

tributaries of the Narmada river, which covers 4000 

km2 and has a total channel length of 135 km. It 

spreads over a geographical area extending from 

approximately 73°26'24" E to 74°20'24" E 

longitudes and 21°57'36" N to 22°35'24" N latitudes 

(Fig. 1). The Orsang river originates in the Aravalli 

Mountain ranges of Madhya Pradesh's Jhabua 

district and travels for about 20 kilometres in a 

south-westerly direction over the wide alluvial plain 

before joining the Narmada river in Chandod, 

Gujarat. The south-flowing Bharaj river enters the 

Orsang river near Jetpur Pavi, and the southwest-

flowing Hiren river joins further downstream at 

Chhota Udepur. The Kevdi-Kundal mountainous 

topography serves as the main water divide, 

separating the two distinct drainage zones. The 

general climatic condition of the study area is a 

moderate subtropical monsoonal climate very 

similar to other north-western peninsular river 

basins (Maharana et al. 2018). The Orsang river 

flows through deformed metamorphic and igneous 

rocks including granite, gneiss, quartzite, schist, 

limestone, phyllite, meta-subgreywacke and slate; 

while Hiren flows through predominantly basaltic 

terrain with few carbonatite patches (Merh, 1995; 

Chamyal et al., 2011; Shah et al., 2021). The 

stratigraphy of the study area ranges from the 

Archean to the Recent, with a gap of Palaeozoic 

rocks as in most of India. The northern and north-

eastern regions of the basins expose the granitic and 

gneissic rocks of the Archean basement and the 

Proterozoic rocks (Champaner group). In the 

southeast region, the basement is covered by post-

Cretaceous sediments and significant volcanic rocks 

(Fig. 2). The post-Cretaceous Intratrappean and 

Infratrappean sediments are exposed as scattered 

inliers, whereas younger volcanic rocks from the 

Deccan Traps and few Tertiary and Quaternary 

lithologies are well represented (Merh, 1995; 

Chamyal et al., 2011).  

SAMPLING AND ANALYTICAL METHODS 

For the study of the textural analysis and 

geochemistry, nine unconsolidated sediment 

samples were collected, i.e. three samples were 

collected from the Orsang and the Hiren river 

channels, two samples were collected after the 

confluence of the Orsang and Hiren rivers, and one 

sample was collected from the Narmada river. The 

sample locations were considered by i) the length of 

the river, ii) equal spacing of sampling site and iii) 

the geology of the basin. The location details are 

given in Table 1. One sample was taken from the 

Narmada river after the confluence of the Orsang 

river into the Narmada river. Such sites have been 

very important for the sample collection, especially 

for the geochemical study. The samples were 

collected after few inches of sediments in the surface 

layer was removed to prevent any contamination. 

Nearly 2 kg of sample was collected in a polythene 

bag and was dried under sunlight. After the removal 

of moisture from the samples, they were processed 

for sieve analysis and geochemistry. Before grain 

size analysis, the samples were treated with cold 

HCl and H2O2 to remove carbonates and organics, 

and then the grain size fractions were measured by 

dry sieving. The British Standard Sieve Analysis 

Method was adapted for the present work. For sieve 

analysis, a representative size of 300 gm from the 

collected samples was obtained by the coning and 

quartering method. Sieve analysis is carried out 

using the eight ASTM sieves, including 4750, 2000, 

1000, 600, 300, 212, 150, 75 microns, and a pan. 

Sediments finer than 75 microns are collected into 

the pan, and 43 microns are assigned to them for 

processing the data through GRADISTAT program. 

The grain size data generated after sieving is listed 

in Table 2. The obtained data is processed in the 

GRADISTAT programme developed by Blott and 

Pye (2001). To measure the Mean, Sorting, 

Skewness and Kurtosis the Arithmetic method is  

Figure 1. Basin Map of the Orsang and Hiren 

rivers. 

Figure 2.  Geological map of the Orsang and 

Hiren river basins showing various lithological 

units. This map is extracted from Geological 

Society of India base map. 
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adopted. Major elements were determined from bulk 

sediment samples by using an ElvaX Plus X-Ray 

Fluorescence (EDXRF) Spectrometer using pressed 

pellets. Pressed pellets were prepared by using 

collapsible aluminium cups. These cups were filled 

with boric acid and a few grams of the finely 

powdered sample and then pressed under a hydraulic 

Table 1. Location details, sample type, textural group and sediment name for channel sediments from study area 
 

Sample 
number 

River 
name 

Locations Latitude (N) 
Longitude 

(E) 
Sample 

Type 
Textural 
Group 

Sediment Name 

1 

Orsang 
River 

Padaliya 22°22'15"  74°3'56"  
Unimodal, 

Poorly 
Sorted 

Gravelly 
Sand 

Very Fine 
Gravelly Coarse 

Sand 

2 Khammapura 22°14'53.0" 73°40'38.0" 
Bimodal, 

Poorly 
Sorted 

Gravelly 
Sand 

Very Fine 
Gravelly Coarse 

Sand 

3 Nagarwada 22°09'57"  73°33'54"  
Unimodal, 

Moderately 
Sorted 

Slightly 
Gravelly 

Sand 

Slightly Fine 
Gravelly Coarse 

Sand 

4 

Hiren 
River 

Morangana 22°10'59"  74°1'18"  
Bimodal, 

Poorly 
Sorted 

Gravelly 
Sand 

Fine Gravelly 
Coarse Sand 

5 Moradungari 22°8'54"  73°52'30"  
Unimodal, 

Moderately 
Sorted 

Gravelly 
Sand 

Very Fine 
Gravelly Coarse 

Sand 

6 Garda 22°5'55"  73°37'41"  
Unimodal, 

Poorly 
Sorted 

Gravelly 
Sand 

Fine Gravelly 
Coarse Sand 

7 
Orsang 
River 
(after 

conflue
nce of 
above 
two 

basins) 

Paramgam 22°01'42"  73°28'23"  
Unimodal, 

Poorly 
Sorted 

Gravelly 
Sand 

Very Fine 
Gravelly Coarse 

Sand 

8 
Karnal 

Chanod 
Bridge 

21°59'10"  73°28'40"  
Unimodal, 

Moderately 
Sorted 

Slightly 
Gravelly 

Sand 

Slightly Very 
Fine Gravelly 
Coarse Sand 

9 
Narmad
a River 

Seturam 
Bridge 

21°57'27"  73°26'17"  
Unimodal, 

Moderately 
Well Sorted 

Gravelly 
Sand 

Fine Gravelly 
Coarse Sand 

Table 2: Basin wise grain size data generated after sieving of 300 gm sediment sample. 

   Orsang River basin Hiren River basin 
Orsang River  

(After confluence) 
Narmad
a River 

Sample 
No. 

1 2 3 4 5 6 7 8 9 

 Locatio
n 

Padaliya 
Khammap

ura 
Nagarwa

da 
Moranga

na 
Moradung

ari  
Garda 

Paramga
m 

Karnali 
Chanod 
Bridge 

Seturam 
Bridge 

Apertur
e 

(micron
s) 

Sedimen
ts 

Retaine
d (g) 

Sediments 
Retained 

(g) 

Sediment
s 

Retained 
(g) 

Sediment
s 

Retained 
(g) 

Sediments 
Retained 

(g) 

Sedimen
ts 

Retaine
d (g) 

Sedimen
ts 

Retained 
(g) 

Sedimen
ts 

Retaine
d (g) 

Sedimen
ts 

Retaine
d (g) 

4750 7.9 14.1 4.35 35.0 14.6 13.8 28.2  - 8.38 

2000 16.1 23.7 6.29 44.3 25.4 17.04 50.8 0.61 10.9 

1000 72.9 75.3 27.03 55.5 83.5 38.5 86.2 8.31 32.3 

600 131.6 112.2 125.8 63.6 141.5 114.2 84.1 116.9 215.3 

300 42.6 37.18 102.5 44.3 21.3 79.8 22.9 118.7 28.8 

212 18.8 20.51 26.2 37.5 6.16 26.6 10.2 42.4 1.17 

150 4.11 7.7 1.8 8.6 1.47 4.72 4.61 5.87 0.1 

75 4.11 5.34 3.03 7.16 3.36 3.16 8.15 4.5 0.84 

43 
(Pan) 

0.71 3.14 2.13 3.11 2.35 1.65 3.02 1.63 0.63 
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press. For all elements, laboratory precision is better 

than 5%.  
 
RESULTS 

 
SEDIMENT TEXTURAL CHARACTERISTICS 

In sedimentology, geomorphology, soil 

sciences, and sediment textural study involves 

estimation of the cumulative mass percentage of 

established size fractions of the total mass of 

sediment. There are different techniques that have 

been adopted to study the size distribution and 

textural characteristics of sediments, because of the 

shape and density variations of sediments, which 

include sieving, pipette hydrometers, X-ray 

attenuation, scanning electron microscopy, and laser 

diffraction. The mean value is the diameter, which 

represents the central gravity for the normal 

distribution of the frequency distribution (Inman, 

1952). The second statistical property of grain size 

analysis is the sorting of grains. It has been studied 

using the dispersion of the sediment size. Skewness 

is the third statistical parameter, which measures the 

degree of asymmetry in the distribution. Kurtosis is 

a parameter that is used to measure the peakedness 

of the statistical distribution. Both skewness and 

kurtosis parameters are helpful for identifying the 

origin of sediments or sedimentary environments 

(Ruiz-Martínez et al., 2016). For the present study, 

the arithmetic method has been undertaken, and the 

obtained results are shown in Table 3. 

 

The channel sediments of the Orsang river 

basin mainly consist of sand (72.5–99.3 %) and 

gravel (0.2–26.5 %), with a very low percentage of 

mud (0.2–1 %). The histograms for sediments peak 

around 600 microns in size. The Orsang river 

sediments are coarser than the sediments of the 

Himalayan rivers, corroborating the observations of 

Singh et al. (2007). In the Gravel-Sand-Mud 

diagram (Folk 1954), the sediments from the Orsang 

river basin mostly demonstrate gravelly sand texture 

(Fig. 3). Based on arithmetic method, average mean 

value of nine samples is 946.6 µm, sorting value is 

734.5, Skewness measure is 1.98 and Kurtosis is 

8.99. The lowest mean value is observed at Karnal 

Chanod site with 581.9 µm and highest is from 

Paramgam (1284 µm). The lowest sorting value is 

296.6 obtained from the Karnal Chanod and highest 

is from Morangana (1079.6). The skewness lowest 

value is from Paramgam (0.953) and highest is from 

Seturam (3.002). The kurtosis lowest value is 2.84 

from Paramgam and highest is from Karnal Chanod 

(19.15). The mean grain size values for all locations 

are listed in Table 3. 

 

 

 

 
Table 3. Location wise textural parameters obtained by Arithmetic method  

Sample 

number 
River name Locations 

Arithmetic (Mm) 

Mean 

(µm) 
Sorting Skewness Kurtosis 

1 

Orsang River 

Padaliya 984.7 713.9 1.9 7.1 

2 Khammapura 1025.6 829.6 1.6 5.4 

3 Nagarwada 722.1 515.0 3.0 15.4 

4 

Hiren River 

Morangana 1055 1079.6 1.2 3.4 

5 Moradungari 1121.8 808.4 1.6 5.5 

6 Garda 836.9 735.9 2.3 8.3 

7 Orsang River (after 

confluence of 

above two basins) 

Paramgam 1284.2 1068.7 0.95 2.8 

8 
Karnal Chanod 

Bridge 
581.9 296.6 2.32 19.2 

9 Narmada River Seturam Bridge 907.4 562.7 3.00 13.87 
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GEOCHEMISTRY 

The geochemical characteristics of river 

sediments are an essential tool to understand diverse 

geological processes like the mobility of elements, 

paleoenvironmental 

conditions, degree of 

weathering, and 

diagenetic changes 

operating in any 

particular basin (Taylor 

and McLennan, 1985; 

Condie et al., 1992; 

Singh, 2009; Ramos-

Vázquez and 

Armstrong-Altrin, 

2021; Nayak and 

Singh, 2022). The 

major-element 

analyses of sandy 

channel sediments in 

the Orsang river basin 

are listed in Table 4. In 

the Log (Na2O/K2O) 

vs. Log (SiO2/Al2O3) 

bivariate plot (Fig. 4; 

after Pettijohn et al., 

1972), the sediments 

from the Orsang river 

basin are plotted in the 

arkose and litharenite 

fields, while Hiren river 

samples plotted in the 

greywacke field. The 

channel sediments show 

significant variations in their bulk chemistry, 

exhibiting the control of diverse sedimentological 

factors (Fig. 5). SiO2 content of the samples ranges 

between 53.16 and 71.28 wt.%, and TiO2 and Al2O3 

concentrations vary between 0.2 and 2.2 wt.% and 

9.41 and 14.23 wt.%, respectively. The CaO content 

varies from 3.43 to 18.4 wt.%, while the Fe2O3 

content ranges from 1.07 to 10.44 wt.%. The TiO2 

and Fe2O3 values of sediments from the Hiren river 

basin are distinctly higher and are comparable to the 

basalts of the Saurashtra region of DVP (average: 

2.23 wt.% and 11.53 wt.%; Laxman et al., 2022). 

The MgO values are also higher than the other parts 

of the Orsang river basin; the high TiO2, Fe2O3, and 

MgO contents can be attributed to basaltic 

provenance. The Orsang river basin sediments have 

lower concentrations of MgO and P2O5, ranges from 

1.2 to 7.4 wt. % and 0.24 to 0.15 wt. %, respectively. 

The low concentrations of MgO can be attributed to 

intermediate to felsic provenance. The K2O (1.58–

5.69 wt. %) of the study area is higher than the Na2O  

Figure 4. Log (Na2O/K2O) vs. log (SiO2/Al2O3) 

classification plot (Pettijohn et al., 1972). 

Figure 3. The Gravel-Sand-Mud ternary plot 

(after Folk, 1954) for Orsang and Hiren river 

basin sediments. Most of the channel sediments 

are plotted in the gravelly sand field. 

 

Figure 5. Harker variation plots of major oxides (wt. %) for channel sediments 

of the Orsang and Hiren river basins 
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content (1.69–2.71 wt. %). The SiO2 has a positive 

correlation with Al2O3 and K2O (r = 0.36 and 0.77 

respectively). However, the SiO2 content of the 

Orsang river sediments shows negative correlations 

with TiO2, Fe2O3, CaO, MgO, and P2O5 (Fig. 5). The 

strong negative correlation of SiO2 with CaO (r = -

0.83) suggests the mobility of CaO. The samples 

taken after the confluence of Orsang and Hiren 

rivers and sample from Narmada river plot in line 

with the Orsang river sediments suggesting the 

higher contribution of sediments from the Orsang 

river than the Hiren river (Fig. 5).  
 
DISCUSSION 

GRAIN SIZE ANALYSIS 

The grain size analysis of sediments from 

the Orsang and Hiren River channels has been 

carried out by using the GRADISTAT program 

(Blott and Pye, 2001). The Arithmetic method has 

been utilized for present work, because it is a most 

reliable and suitable method for fluvial environment. 

The results are reported in Table 3. The sorting 

values show that sediments are poorly to moderately 

sorted and are very-fine skewed. The moderately 

well-sorted sediments suggest low and reasonably 

high energy current (Friedman, 1962; Blott and Pye, 

2001). These values show that the sediments derived 

from the river channel are transported from various 

sources (Layade et al., 2019). The kurtosis lowest 

value shows very leptokurtic to extremely 

leptokurtic nature. These values suggest the high 

energy depositional environment (Friedman, 1962) 

and also implies that the central portions are better 

sorted at the tails and suggests that the samples are 

located at the water concentrated zone (Layade et al., 

2019).   

 

SOURCE ROCK CONTROL ON GRAIN SIZE 

 Source lithology, along with weathering 

and erosion processes, will have a significant impact 

on the sediment grain size produced in any particular 

region. For example, weathering of granite 

characteristically produces sand-sized quartz and 

feldspar grains, referring to the original mineral size 

of the source rock granite and clay minerals like 

kaolinite, smectite and illite (Banfield 1985; 

Pettijohn et al., 1987). The clays are generally 

formed due to the weathering of feldspars. In 

comparison, weathering of basalt produces much of 

the clay mineral varieties and lithic fragments, and 

very little sand-sized mineral grains (Pettijohn et al., 

1987). To assess the provenance control on the grain 

size of river sediments, we selected samples that 

were contributed exclusively from granitic and 

basaltic sources. The Padaliya location sample from 

Table 4. Major element data (in wt.%) of the Hiren, Orsang and Narmada river channel sediments. 

 Orsang River Hiren River 
Orsang River  

(after confluence) 
Narmada 

River 

 
Location 

1 
Location       

2  
Location    

3  
Location     

4  
Location        

5  
Location 

6  
Location     

7  
Location 

8  
Location         

9  

Major 
Oxides 

Padaliya Khamapura Nagarwada Morangan Moradungari Garda Paramgam 
Karnali 
Chanod 
Bridge 

Sree Rang 
Setu Ram 

Bridge 

SiO2 71.3 68.8 60.4 61.4 53.4 56.2 53.2 68.1 69.7 

Al2O3 12.9 14.2 11.2 12.9 13.4 10.9 9.4 12.2 10.6 

Fe2O3 1.1 1.7 3.1 7.3 10.4 8.7 2.7 3.0 2.7 

TiO2 0.2 0.3 0.7 1.7 2.2 1.8 0.6 0.6 0.7 

CaO 3.4 4.4 11.3 7.1 8.6 11.2 18.4 5.6 5.9 

Na2O 2.7 2.3 2.5 1.7 2.7 2.2 2.5 2.5 2.3 

K2O 5.1 5.7 4.1 2.5 1.6 2.0 3.6 4.3 4.0 

MgO 0.2 0.6 0.9 1.3 2.2 1.9 0.9 0.7 0.3 

P2O5 0.3 0.4 0.5 0.7 0.7 0.6 0.5 0.4 0.4 

LOI 2.1 1.2 4.9 2.8 4.3 4.1 7.4 1.5 2.9 

Total 99.4 99.5 99.7 99.4 99.5 99.4 99.2 99.0 99.5 

Figure 6. Distribution of Gravel, Sand, and Mud 

Percentages of Orsang (A) and Hiren (B) River 

Basins. The higher proportion of sand in the Orsang 

river sub-basin compared to the Hiren River sub-

basin can be attributed to granitic and basaltic 

provenances, respectively 
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the Orsang river represents sediments derived from 

granitic rocks, while samples collected at 

Morangana and Moradungari locations from the 

Hiren river represent sediments derived from 

basaltic rocks. The granitic sample has 8% gravel 

and 92% sand while the sediment samples derived 

from basaltic rocks has 20% gravel, 79% sand, and 

1% mud (Fig. 6). A higher proportion of sand in the 

Orsang river and a higher proportion of gravel and 

clay in the Hiren river samples can be attributed to 

granitic and basaltic provenances, respectively.  

 

WEATHERING 

The sorting of mineral grains and the 

degree of both chemical and physical weathering 

that sediments have undergone can be evaluated by 

the chemical composition of clastic sediments 

(McLennan, 1989; Cox and Lowe, 1996; Roddaz et 

al., 2006; Ramírez-Montoya et al., 2022; Ramos-

Vázquez et al., 2022). To determine the impact of 

weathering and transport, the chemical index of 

alteration (CIA) values are calculated and are plotted 

in the Al2O3-(CaO+ Na2O)-K2O (A-CN-K; Fig. 7A) 

diagram (CIA: Nesbitt and Young, 1989). The CIA 

values indicate the intensity of chemical weathering 

and can be calculated by a formula [Al2O3/ (Al2O3 + 

CaO + Na2O + K2O)×100] in molecular proportions, 

where CaO is from the silicate fraction only. The 

CIA values of 50 to 60 suggest low weathering, 60 

to 80 suggest moderate weathering, 80 to 100 

suggest intense weathering, and un weathered rocks 

have CIA values of 50 or less than 50 (McLennan, 

2001; Teng et al., 2004). The CIA values of Orsang 

river sediments range between 47.04 and 51.02, with 

an average of 48.45 suggesting incipient to moderate 

weathering in the semi-arid Orsang catchment, 

while Hiren river values are slightly higher than 

Orsang ranging from 54.23 to 60.97 with an average 

of 56.99, suggesting moderate weathering. The A-

CN-K plot is extensively used to interpret CIA 

values, possible mineral phases, the weathering 

trend of the source rocks, and k-metasomatism 

(Nesbitt and Young, 1984). The un-weathered 

samples plot close to the Plagioclase-K feldspar join 

and the less weathered materials plot above the join 

line. In the A-CN-K plot (Fig. 7a), all the samples 

from the Orsang river basin plot close to the 

Plagioclase-k feldspar join, suggesting incipient to 

moderate chemical weathering under the semi-arid 

sub-tropical climatic conditions during deposition. 

The A-CN-K plot alone cannot adequately explain 

the impact of mafic minerals (olivine, pyroxene, 

biotite, and hornblende) on sediment chemistry. In 

order to comprehend how mafic components, impact 

sediment geochemistry, we also plotted the A-CNK-

FM plot, which includes the molar fraction of Al2O3, 

CaO* + Na2O + K2O and FeO + MgO (Nesbitt and 

Young, 1984). In the A-CNK-FM plot (Fig. 7B), the 

channel sediments of the Orsang river are plotted 

near the feldspar-FM join, whereas the Hiren river 

sub-basin is plotted around the smectite field more 

towards the FM apex. This implies that the channel 

sediments of the Hiren river sediments comprise a 

considerable number of mafic components supplied 

from Deccan basalts. The samples taken from after 

the confluence of Orsang and Hiren rivers and from 

Narmada river are suggesting felsic provenance, 

which points towards the higher contribution of 

sediments from Orsang river than the Hiren river 

(Fig. 7A and 7B). 

Since the Deccan mafic rocks (tholeiite 

basalt) have contributed significantly to the Hiren 

sub-basin, another chemical index termed the Mafic 

Index of Alteration (MIA) has been used (Babechuk 

et al., 2014). The MIA is comparable to the A-CNK-

FM plot (Nesbitt and Young, 1982, 1989), but the 

MIA has two forms that apply in oxidizing MIA (O) 

and reducing MIA (R) environments. Under 

oxidizing conditions, Fe (particularly Fe3+) remains 

immobile and acts like Al, while in a reducing 

environment, Fe becomes mobile as Fe2+ moves out 

of the system. When applying the MIA to the Orsang 

and Hiren river samples, we inferred that in the A-

CNKM-F diagram (Fig. 8A), the samples plot close 

and parallel to the A-CNKM line. The samples plot 

Figure 7. A) A-CN-K plot (Nesbitt and Young, 1984) 

and B) A-FM-CNK plot (Nesbitt and Young, 1989), 

showing the weathering trend of the Orsang river 

sediments. In the A-CN-K plot, the trend lines 1 = 

gabbro, 2 = tonalite, 3 = diorite, 4 = granodiorite, 5 = 

granite, and 6 = the weathering trend.  
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close to the CNKM corner, because of the addition 

of KM components with the CN component, whose 

concentration is retained during the incipient to 

moderate degree of weathering. In the Al2O3+Fe2O3 

- MgO - CaO+Na2O+K2O diagram (Fig. 8B), where 

Fe retains with Al due to the immobile nature of Fe3+ 

under an oxidizing environment, the samples plot 

close to the AF-CNK join and away from the M 

(MgO) and CNK corners, indicating that Orsang and 

Hiren river samples have weathered in an oxidizing 

environment. The arkose-litharenite affinity of 

Orsang river sediments as depicted by the log 

Na2O/K2O vs. SiO2/Al2O3 plot (Fig. 4), which 

supports our observation that the sediments have 

undergone minimal transportation and incipient to 

moderate chemical weathering. In summary, the low 

CIA values in our samples can be attributed to the 

supply of incipient to moderately weathered detritus 

from semi-arid oxidizing conditions.  

 

 

 

 

 

CONCLUSIONS 

In this study, the grain size variations and 

geochemical characteristics of channel sediments in 

the Orsang and Hiren rivers are explored. The 

sediments from both rivers are poorly to moderately 

sorted, very finely skewed, indicating that the 

sediments derived from the river channel are 

transported from various sources. However, the 

kurtosis value indicates a very leptokurtic to 

extremely leptokurtic nature, indicating high energy 

depositional environment and sorting of the central 

portions. The observed variations in the grain sizes 

of Orsang and Hiren river basin sediments can be 

attributed to the provenance, degree of weathering 

and transportation. We inferred a higher proportion 

of sand and a lower proportion of gravel in the 

Orsang sediments due to their granitic source, but 

the Hiren river sediments composed of more gravel 

than the Orsang river, which might be due to their 

basaltic provenance. Sediments collected after the 

confluence of Orsang and Hiren rivers and from 

Narmada river points towards felsic provenance, 

which suggest that the proportion of sediment 

supply from Orsang river far outweighs that from 

Hiren River. The low CIA values and arkosic-

litharenite nature of Orsang river sediments points 

towards less transportation and moderate chemical 

weathering, while Hiren river sediments CIA values 

point towards slightly higher degree of weathering. 

The sediments of Orsang and Hiren rivers are 

sourced from minimally weathered detritus from 

granitic and basaltic provenances, respectively and 

deposited in a semi-arid condition. 
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Figure 8. A) A-F-CNKM and B) AF-M-CNK plots 

(Nesbitt and Young, 1989 and Babechuk et al., 2017, 

respectively) showing Ca + Na + K + Mg loss from 

sediments. The basaltic provenance and oxidative 

weathering are reflected in the Fe2O3 concentration of 

the Hiren river sediments. 
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