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Abstract

The rocks of Puducherry basin have been
classified as Valudavur, Mettuveli, Karasur,
Manaveli, Cuddalore formations in chronological

order. The sedimentological and geochemical
studies of the sediments from Manavali
(Paleocene) and Cuddalore (Mio-Pliocene)

formations were carried out to understand the
grain-size variation and distribution of major
oxides to deduce depositional environment,
provenance, paleoclimate and source area
weathering conditions. The sieve analysis was
used to study grain size variations evaluated for
various geo-statistical parameters to understand
the depositional environment. The discriminant
function analysis of the sediments from the
Cuddalore Formation infers that mostly the
sedimentation  occurred in  fluvio-deltaic

environment with incursions of shallow marine
environment whereas bivariate plots suggest that
the deposition occurred in riverine to deltaic
environments. The values of CIA (chemical index
of alteration), CIW (chemical index of
weathering), ICV (index of compositional
variability) and PIA (plagioclase index of
alteration) of the sediments infer intense
weathering conditions prevailed in the source area
during the deposition of Manaveli and Cuddalore
formations. The ratio of (Al.03+K20+Na20)/SiO>
indicate semi-humid climatic conditions during
deposition of the Cuddalore Formation whereas
Manaveli Formation was deposited in semi-arid
climatic conditions. The discriminant function
diagram suggests sedimentary provenance for
Cuddalore and Mafic igneous provenance for
Manaveli Formation.
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Introduction

The Cretaceous-Paleocene sediments of the
Cauvery Basin are classified into five formations viz.,
Sillakudi, Kallankurichchi, Ottakoil, Kallamedu and
Niniyur (Sundaram and Rao 1986). A lot of work
has been carried out in the field of stratigraphy,
sedimentology and palaeontology (Ayyasamy, 1990;
Blanford, 1862; Chandrasekaran et al., 1996;
Govindan et al., 1996, 2000; Hart et al., 2000;
Kossmat, 1897; Muthuvairvasamy et al., 2003;
Mamgain et al., 1968, 1973; Nair and Vijayam 1980;
Radulovic and Ramamoorthy 1992; Ramasamy and
Banerji, 1991; Sastry and Rao 1964; Sastry et al.,
1972, 1968, 1977; Srivastava and Tewari, 1967,
Tewari et al, 1996; Venkatachala, 1974;
Venkatachalapathy and Ragothaman 1995; Yadagiri
and Govindan, 2000; Nagendra et al., 2010, 2011;
Prasad et al., 2013; Reddy et al., 2013; Sarkar et al.,
2014, Nagendra and Reddy, 2017; Jaiprakash et al.,
2016; Nagendra et al., 2019 ). Cretaceous fossil
calcareous algae from the Cauvery Basin has been
documented by various researchers (Rajanikanth
1992; Rao and Prasannakumar 1932; Rao and Pia.
1936; Rao and Gowda, 1954; Misra and Kumar,
1988; Misra et al., 2004 and 2006) whereas Cenozoic
fossil calcareous algae have been also reported from
Cauvery Basin (Misra et al., 2000, 2001, 2003;

115

Kishor et al., 2003; Kishor, 2004a, 2004b; Kishor and
Singh, 2004).

Puducherry region is situated on the
Coromandel Coast between 11°45 to 12°03'N and
79°37" to 79°53’E with an area of 293 sq. km. The
Cauvery rift basin trending NE-SW, ranges from Late
Jurassic to Early cretaceous (Powell et al., 1988). A
complete section of upper Cretaceous to Paleocene is
exposed in the Ariyalur — Puducherry sub basin
(Sastry & Rao, 1964). The rocks exposed in and
around Puducherry are represented by Valudavur,
Mettuveli, Karasur, Manaveli, Cuddalore formations
in chronological order. Grain size data play a
significant role in interpretation of depositional
environment and specific grain size distribution can
be used to estimate the environment of deposition of
clastic rocks (Udden,1898; Krumbein, 1934; Folk
and Ward, 1957; Greenwood, 1969; Visher, 1969 and
Friedman, 1979, Ghosh and Chatterjee, 1994;
Ghaznavi et al., 2019; Quasim et al., 2020). On the
basis of grain size, interpretation can be obtained by
two methods, first is statistical method which
includes mean, standard deviation, skewness, kurtosis
etc. It can be calculated by graphic or moment
method and with the combination of statistical
methods like mean vs standard deviation, standard
deviation vs skewness, skewness vs kurtosis
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(Friedman, 1962, 1967, 1979). The second method is
qualitative observation of shape of cumulative
frequency curves on probability paper (Spencer, 1963
and Visher, 1969). Multivariate discriminant analysis
is also useful to understand depositional environment
using parameters like mean, standard deviation,
skewness, kurtosis by graphic or moment method
(Mahalanobis, 1930; Greenwood, 1969). The
interpretation of depositional environment, the
interrelationship of specific grain size parameter is
very important, as textural parameters of sediment
are much sensitive towards depositional environment
(Folk and Ward, 1957; Mason and Folk, 1958;
Friedman, 1967; Moiola and Weiser, 1968; Visher,
1969; Rajamanickam and Gujar, 1984; Srivastava
and Mankar, 2008; Rajganapati, 2013; Ghaznavi et
al., 2019 ). The geochemical studies of sedimentary
rocks are significant to interpret the provenance,
source rock composition, weathering intensity and
the tectonic settings. (Dickinson and Suczek, 1979;
Nesbitt and Young, 1982; Bhatia, 1983; Bhatia and
Crook, 1986; Roser and Korsch, 1986, 1988;
McLennan and Taylor, 1991; McLennan, 1989, 1993,
2001; McLennan et al., 1993; Madhavaraju and
Ramasamy, 2002; Nagarajan et al., 2007a,b;
Madhavaraju and Lee, 2010; Madhavaraju and
Gonzalez-Leon, 2012; Madhavaraju et al., 2016;
Armstrong-Altrin et al., 2013, 2015; Madhavaraju,
2015; Pandey and Parcha, 2017; Lone et al., 2017,
Shah et al., 2017; Khan et al., 2019; Mude et al.,
2019). The mutual relationship of the major, trace
and rare earth elements play a significant role in
understanding the weathering condition of the source
area and provenance (Nesbitt and Young, 1982;
McLennan, 1993).

Grain size variation and geochemical
changes form the sediments of Manaveli and
Cuddalore formations were not carried out earlier
although these two parameters are very significant to
deduce depositional and paleoenvironment. Only
Selvaraj and Ramasamy (1998) have carried out
granulometric analysis of Cuddalore Formation from
Neyveli and Ariyalur area. Therefore, in the present
paper, it is attempted to understand geochemical
variation in the sediments of Manaveli and Cuddalore
formations to interpret source area weathering
conditions and paleoclimate. Further it is attempted
to study the grain size variation from these sediments
to know depositional environment.

Geological Setting

The sediments of Ariyalur Group (Late
Cretaceous and Paleogene) are poorly exposed as an
inlier of NW Puducherry, which is surrounded by
Quaternary alluvium and Cuddalore Formation (Mio-
Pliocene). The sediments of Puducherry area are
further divided into Valudavur, Mettuveli, Karasur
and Manaveli formations (Figure 1). The Valudavur
Formation contains informal units A and B of Warth
(1895) (Rajagopalan, 1965). The lower bed of the
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formation is pale yellow, fine to very coarse
sandstone consisting of mica as minor component
and rounded quartz pebbles. Upper bed has pale
sandstone generally uncemented and bioturbated. It
also contains concretionary shale and this formation
has thickness of about 180m (Sundaram et al., 2001).
Neogene strata of the Cuddalore Formation overlap
the Valudavur Formation from north and west.
Mettuveli Formation is conformably overlying
Valudavur Formation. Upper part of the formation
contains  Ammonites of Late Maastrichtian age
whereas the lower part consists of plankton
foraminifera (Globotruncana tricarinata) of the late
Campanian (Govindan, 1972).

The Mettuveli Formation consists of sandy
shale and fine sandstone consisting of moulds and
phosphatic cast of shell debris. The thickness of
formation is around 150m with more amounts of
Molluscan fossils (Sundaram et al., 2001). On the
basis of planktonic foraminiferal zone of
Abathomphalus mayaroensis the age of the Mettuveli
Formation is determined as Late Maastrichtian
(Govindan,1972). The Karasur Formation consists of
coarse impure calc-arenites, bioturbated at places
and contains corals. It is massive bedded, exhibiting
nodular fabric and thickness is about 120m
(Sundaram et al., 2001). Contact of the formation is
conformable both below and above. On the basis of
Planktonic foraminifera, the age for the Karasur
Formation is assigned as Paleocene (Rajagopalan,
1965; Govindan, 1972). The Manaveli Formation
consists of buff sandy shale, poorly lithified with
siltstone and fine grained sandstone containing
poorly preserved molluscan fossils. The thickness of
this formation is approximately 100m (Sundaram et
al., 2001). It has conformable contact with the
Karasur Formation and dis-conformable contact with
Cuddalore Formation. Rajagopalan (1968) suggested
Paleocene age for the Manaveli Formation on the
basis of planktonic foraminifera. The Cuddalore
Formation consists of ferruginous arkosic sandstone
associated with clay and gravel beds. The
sedimentary structures viz., planar cross bedding,
small scale herringbone cross bedding, cross
lamination and ripple drift lamination are well
developed and the thickness of formation is about
150m. It has dis-conformable contact with Manaveli
Formation below and conformable with alluvium
above. The Cuddalore Formation is dated as
Miocene-Pliocene (Vredenburg 1908; Wadia 1953;
Krishnan 1960; Ramanujam 1968).

Methods and Material

Total thirteen samples were taken from the
Cuddalore Formation and selected for grain size
studies. The Sieve analysis of these samples was
carried out in Department of Geology, Fergusson
College (Autonomous), Pune. Thirteen samples from
the Cuddalore Formation were selected for sieve
analysis. Hundred and fifty grams of sample were



taken from sediments by conning and quartering.
These samples were treated with 10N HCL to remove
any carbonate impurities and coatings of grains. The
samples were dried in laboratory oven at 70°c.
Hundred grams of samples were taken for sieve
analysis using sieves of 2mm, 1mm, 500y, 250,
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125u and 63 mesh. Samples were put into the sieve-
shaker to shake in circular motion for 15 min on
50Hz frequency. After sieving, fraction from each
sieve was collected and by using electronic balance,
the weight of the sample was calculated and used for
further calculations.
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Figure 1: Geological map of the Puducherry area (after Malarkodi, et al., 2009)

Seven samples from Cuddalore Formation and six samples from Manaveli Formation were selected for
geochemical analysis. The XRF analysis of these samples for major and trace elements were carried out in the
Wadia Institute of Himalayan Geology, Dehradun. Ten grams of the sample were prepared by powdering in an
agate mortar. The pressed power pellet mode for sample preparation was employed for the major and trace
elements analysis (Watsan, J. S., 1996). The average error of the analysed major and trace elements was less

than * 5%.
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Field Observations

Manaveli Formation

This section is exposed on Manaveli main
road, 100m N-E of Puducherry maritime academy
(latitude - 11°58°0.15'N; longitude - 79°46°13.67 E;
elevation - 24m) and the section is about 3 m thick.
The section consists of 4 lithounits of alternate white
and yellow clays and 1 unit of iron concretion. At the
base of this section, 0.3m thick unit of yellow clay is
present and horizontal as well as vertical burrows
were seen. This unit is followed by 0.6m thick white
clay. Above this unit 0.3m thick bed of yellow clay is
present, which is followed by 0.9m thick unit of
white clays and upper most units is about 0.9m thick
consisting of pebbles and iron concretions.

Manaveli Formation
The section of the Manaveli Formation is
exposed on NE of Manaveli village around 800m

(latitude — 11°58°21.20° N; longitude — 79°46°32.02

E; elevation — 33m). The thickness of the section is
2.2 m. Three samples were collected from two
lithounits of this section. Lower unit of this section is
1.2m thick, white colored claystone; upper unit of
this section is 1m thick red colored sandy pebbly
horizon, pebbles are more than 3mm in size, rounded
and moderately sorted.

Cuddalore Formation
The section of the Cuddalore Formation is
exposed in a quarry section, 1.2 km from Manaveli

village (latitude - 11°57°56'N; longitude - 79°46°49.5

E; elevation - 32m) towards east and hardly 3-4 km
west of Puducherry airport. The thickness of the
section is about 18 m and 8 samples were collected
from the different stratigraphic levels of this section.
At the base of the section, 0.5m thick reddish
weathered sandstone is exposed, which is poorly
sorted and has medium to coarse, angular grains.
Above this red sandstone, there is 0.1m thin layer of
gravels and pebbles, which is followed by 0.8m thick
red sandstone consisting of minor amount gravels and
pebbles. This lithounit shows laminations and has
fine to medium grained, moderately sorted angular to
sub angular grains of quartz and feldspar, rock
fragments and at the top of this lithounit, laminations
are present. Above this unit, there is 1.2m thick pale
brown coloured, very poorly sorted gravelly/pebbly
horizon present, some grains are more than 3cm
across, they are rounded to sub-rounded which are
slightly laminated. Above this unit 0.6m thick
moderately sorted, fine to medium, sub-angular, red
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colored sandstone is present. This unit is followed by
reddish brown colored, moderately sorted, medium
size; sub-angular sandy horizon which is 3m thick
containing 5 to 10 % small pebbles. Above this unit
1.8m thick brown colored moderately sorted, medium
size, sub-angular sandy pebbly horizon which
contains 30 to 35% small to medium pebbles about
2mm across. This unit is followed by sandy horizon,
brown colored, poorly sorted, medium to fine grains
and containing 5 to 10% pebbles, clay material is also
present, and this unit is 2.5m thick. Upper most units
is red brown colored, moderately sorted and medium
to fine grain silty-sandy horizon, this unit is 7.3m
thick.

Cuddalore Formation

In a quarry section, 300m towards west of
Pon Pure Chemical Private Limited (latitude -
11°56°14.5'N; longitude - 79°45°29.3" E; elevation —
17m) sequence of Cuddalore Formation is exposed.
This section is about 6.8m thick and 8 samples were
collected from different stratigraphic levels. At the
base of this section 1m thick reddish-brown colored,
moderately sorted, medium to coarse grained
fossiliferous sandstone is present with some
calcareous matter. Above this unit 2m thick red
colored, well sorted, fine grained, laminated
unfossiliferous, friable sandstone is present. This unit
is followed by white colored laminated shale having
thickness of about 0.3m which is further followed by
sandstone with intercalation of shale. Sandstone in
this unit is reddish in color, moderately sorted and
fine to medium grained whereas, white shale has a
thickness about 0.6 m. Above this unit, 1m thick
reddish white colored claystone is present. This unit
is followed by yellowish red, well sorted, fine to
medium, rounded grained sandstone having thickness
of 0.3m. Above this unit, 1m thick bed of reddish
white claystone is present. On the top of this
formation, 0.6m thick bed of yellowish red colored,
well sorted, medium to fine grain sandstone is
present.

Recent Deposits

Recent sediments are exposed on Manaveli
main road near Mettuveli village in front of Foseco
India Limited (latitude - 11°57°27.3' N; longitude -
79°46°59 E; elevation - 42 m). Total thickness of the
sequence is 3.5m and 3 samples were collected from
this section. This horizon is reddish brown colored,
course to fine grained; weathered sandy and silty
clay.
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Figure 2: Lithologs of studied section of Manaveli Formation, Cuddalore Formation and recent deposits from Puducherry
basin; A: litholog of Manaveli Formation at Manaveli village, 100m NE of Puducherry maritime academy; B: litholog of

Manaveli Formation at 800m towards N-E of Manaveli village and 600m east of

Kasipalayam village; C: litholog of

Cuddalore Formation at quarry section 1.2 km from Manaveli village towards east and hardly 3-4 km west of Puducherry
airport; D: litholog of Cuddalore Formation at quarry section, 300m towards west of Pon-Pure Chemical Private Limited,
near Perambai village, E: litholog of recent deposits at open pit on Manaveli main road near Mettuveli village in front of

Foseco India Limited.

Recent Deposits

Recent sediments are exposed on Manaveli
main road near Mettuveli village in front of Foseco
India Limited (latitude - 11°57°27.3' N; longitude -
79°46°59 E; elevation - 42 m). Total thickness of the
sequence is 3.5m and 3 samples were collected from
this section. This horizon is reddish brown colored,
course to fine grained; weathered sandy and silty
clay.

Results

Grain Size Analysis

The standard methodology of granulometric
analysis was used and grain size distribution is given
in Table 1. Cumulative weight percent and frequency
of each sample were individually plotted on a graph
and ¢ values from the graph were calculated. Value
of ¢5, ¢16, ¢$25, ¢50, 675, 84, $95 from the
cumulative curves were obtained & used to calculate
four graphic measures (Folk and Ward 1957) viz.,
Mean (Mz) = (¢16 + ¢50 + ¢ 84)/3.
Std deviation (Si) = (¢ 84 - ¢ 16)/4 + (¢ 95 - ¢ 5)/6.6
Skewness (Skg) = (¢ 84 + ¢ 16 -2 $5)/2 ($p84 - $16)
+ (995 + ¢5 -2 $50)/2 ($96 - ¢5).
Kurtosis (Kg) = (¢95 - $5)/2.44(¢75 - $25).

Sahu (1964) described the depositional
environments on the basis of discriminant functions.
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On the basis of graphic measurements (Folk and
Ward, 1957), Y1, Y2 and Y3 discriminant functions
were calculated as follows (Sahu,1964),

Y1 = -3.5688(Mz) + 3.701(Si) — 2.0766(SKg) +

3.1135(Kg).
Y2 = 15.6534(Mz) + 65.7091(Si) + 18.1070(SKg) +
18.5043(Ko).
Y3 = 0.2852(Mz) - 8.7694(Si) - 4.8932(SKc) +
0.0482(K).

If Y1 is less than -2.7411, it indicates
depositional environment is aeolian and when it is
greater than -2.7411 it suggested as beach
environment. If Y2 is less than 65.3650 it suggests
beach environment and greater than 65.3650 shallow
marine environment. If value of Y3 is less than -
7.419 it suggests fluvio-deltaic deposits and greater
than -7.419 is shallow marine depositional
environment.

Bivariate plots viz., Mean (Mz) Vs.
Standard Deviation (S;); Graphic Skewness (Skg) Vs.
Graphic Standard Deviation (S;); Graphic Kurtosis
(Kg) Vs. Graphic Skewness (Skg); Graphic
Skewness (Skg) Vs. Mean (Mz) were extensively
used to understand the depositional environment of
sediments (Folk and Ward, 1957; Mason and Folk,
1958; Friedman, 1967; Moiola and Weiser, 1968;
Visher, 1969; Rajamanickam and Gujar, 1984).
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Table 1: Grain size distribution of samples from Cuddalore Formation

Sample | PER/L6/S1 PER/L6/S2 PER/L6/S4 PER/L6/S6 PER/L6/S8
No.
Phi no. Wit% Cum Wit% Cum Wit% Cum Wt | Wt% Cum Wt | Wt% Cum
Wt % Wt % % % Wt %
1 816 | 815 | 284 | 284 | 41l 4.1 0.43 0.43 0.70 0.7
0 2513 | 33.25 | 608 | 8.92 2056 | 24.6 552 5.043 7.48 8.18
1 4055 | 73.75 | 3259 | 41.48 | 39.83 | 64.32 4771 | 3552 3322 | 414
2 1616 | 89.80 | 36.79 | 78.24 | 1759 | 81.86 3048 | 8392 4078 | 82.18
3 470 | 9459 | 1558 | 9381 | 9.22 91.06 8.22 92.123 1141 | 9359
4 322 | 9781 | 519 | 99.00 | 7.62 98.66 7.10 99.208 5.19 98.78
5 205 | 99.86 | 091 | 99.91 | 1.04 99.70 051 99.718 1.20 99.98
E"’gﬁp'e MAN/L2/S1 MAN/L2/S2 MAN/L2/S3 MAN/L2/S4
Phi no. Wit% Cum Wit% Cum Wit% Cum Wt | Wit% Cum Wt
Wt % Wt % % %
1 1117 | 1117 | 297 | 2.97 5225 | 5194 271 271
0 2006 | 3122 | 9.944 | 12.9 1366 | 6552 1050 | 13.21
1 5059 | 81.78 | 38.03 | 50.88 | 18.68 | 84.09 57.80 | 70.96
2 1260 | 94.38 | 39.74 | 9057 | 7.92 91.97 17.64 | 8859
3 353 | 9791 | 697 | 9753 | 3.78 95.73 4.80 93.39
4 008 | 9799 | 217 | 997 | 318 98.9 4.35 97.74
5 195 | 9994 | 045 | 99.85 | 0.60 99.5 217 99.01
Sample | MAN/L2/S5 MAN/L2/S6 MAN/L2/S7 MAN/L2/S8
Phi no. Wit% Cum Wit% Cum Wit% Cum Wt | Wt% Cum Wt
Wt % Wt % % %
1 324 | 324 | 63.08 | 6283 | 566 5.65 152 152
0 8.09 11.33 | 11.00 | 73.79 | 11.19 | 16.81 1657 | 18.09
1 5503 | 67.23 | 1400 | 87.74 | 38.30 | 54.98 3897 | 57.05
2 2381 | 9103 | 671 | 9443 | 20.83 | 75.74 19.75 | 7638
3 490 | 9593 | 356 | 97.98 | 1500 | 90.69 1367 | 90.46
4 382 | 99.75 | 164 | 99.62 | 8.48 99.15 8.69 99.15
5 020 | 99.95 | 004 | 99.66 | 051 99.66 0.73 99.88

Table 2: Calculated phi (¢) values of the samples

Name of

sample 5¢ 16¢ 25¢ 50¢ 75¢ 84¢ 95¢
PER/16/s1 1.22436 -0.57536 -0.25765 0.39853 1.09069 1.46591 | 2.5268
PER/16/s2 -0.4587 0.26153 0.58505 1.22817 1.87938 2.21571 | 3.01935
PER/I6/s4 -1.04164 -0.39132 -0.04557 0.69566 1.49578 1.93319 | 3.18333
PER/I6/s6 -0.05781 0.5141 0.76516 1.26253 1.77302 2.04558 | 2.78577
PER/I6/s8 -0.29375 0.33005 0.61586 1.1893 1.77743 2.08667 | 2.87033
MAN/I12/s1 -1.28148 -0.46946 -0.18734 0.33707 0.85498 1.12602 | 1.82794
MAN/I2/s2 -0.51492 0.15872 0.43547 0.96942 1.49931 1.76952 | 2.39726
MAN/I2/s3 -1.93993 -1.73689 -1.5501 -0.88349 0.24697 0.96497 | 2.76128
MAN/I2/s4 -0.44528 0.04767 0.25751 0.67229 1.10965 1.35885 | 2.41796
MAN/12/s5 -0.41058 0.10598 0.32121 0.74109 1.17028 1.40107 | 2.05489
MAN/I2/s6 -1.95608 -1.80487 -1.66532 -1.16315 -0.28811 0.29487 | 2.00942
MAN/I12/s7 -0.99042 -0.22457 0.16811 0.99094 1.84899 2.29509 | 3.35611
MAN/I2/s8 -0.86928 -0.20584 0.15521 0.9353 1.76976 2.21249 | 3.32291
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Figure 3: Phi (¢) values vs cumulative weight percentage of Cuddalore Formation.
Table 3: Calculated values of Mean, Standard Deviation, Skewness and Kurtosis of Cuddalore Formation
Name of sample | Median Mean (Mz) | Standard Skewness (SKz) | Kurtosis (Kg)
Deviation (Si)
PER/I6/s1 0.39 -0.2241 1.0786 0.09026 1.1401
PER/I6/s2 1.2281 1.2351 1.0155 0.0203 1.1012
PER/I6/s4 0.6956 0.7458 1.2212 0.1211 0.1233
PER/I6/s6 1.2625 1.274 0.8137 0.0468 1.1563
PER/I6/s8 1.1893 1.202 0.9185 0.0421 1.1163
MAN/I2/s1 0.337 0.3312 0.8694 -0.2805 1.2226
MAN/I2/s2 0.9694 0.9658 0.8439 -0.0129 1.1218
MAN/I2/s3 -0.8834 -0.5518 1.3877 1.1934 1.0721
MAN/I2/s4 0.6722 0.6924 0.7616 0.1333 0.9999
MAN/I2/s5 0.741 0.7493 0.6973 0.0424 0.6391
MAN/I2/s6 -1.1631 -0.891 1.1257 0.4944 1.18
MAN/I2/s7 0.9909 1.0204 1.2884 0.0617 1.0597
MAN/I2/s8 0.9353 0.9806 1.2397 0.0976 1.0641
Table 4: Discriminant Function values of Cuddalore Formation.
Name of Y1 v2 v3
sample
PER/I6/s1 8.153934 90.097 -9.9093
PER/I6/s2 2.736972 106.8056 -8.59933
PER/I6/s4 1.990468 96.3926 -11.0831
PER/I6/s6 1.967808 95.65386 -6.94558
PER/I6/s8 2.497846 100.5878 -7.86408
MAN/I12/s1 6.424714 79.85624 -6.09819
MAN/I12/s2 3.196039 91.09451 -7.00786
MAN/I2/s3 7.96491 123.9943 -18.1145
MAN/I2/s4 3.184022 81.79858 -7.08537
MAN/I2/s5 1.808395 70.14188 -6.07787
MAN/I2/s6 9.993275 90.80873 -12.4881
MAN/12/s7 4.298015 121.3585 -11.2583
MAN/12/s8 4.198964 118.267 -11.018
Geochemical Analysis (PAAS) and Upper Continental Crust

The average percentage of major oxides was
compared with Post-Archean Australian Shale
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(Table.5). The average percentage of Na,O, MgO,
Al,O3, P20s, K;0, CaO, MgO and Fe;O3 is less



compared

to PAAS and UCC (Taylor
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and

McLennan,1985). The average percentage of SiO; is
more as compared to PAAS and UCC (Taylor and

012
.
re 074308143
= 0,482170011
D= 0.0858407T1
o
2
o
.
oot
.
.
- . .
I} s
ALO.
0oe
r= 0608520807
F= 0370308526 i
p= 0147
aos
2 “ .
=
00 . . .
-
2 I3
ALO,
a1
oo r= 0832984744
= 0663830265
o4 p= 0019073609
o7
006
P T
004
003 -
a2 -
oot . - -
K i'ﬂ !'S
ALO,

MclLennan, 1985) whereas the average percentage of
TiO; is more than UCC and less than PAAS.

t= 0507742768
. = g:ﬁﬂ““ . o8 = 035729845
b= 0021863624 P00 «
.
.
2 02
kY v
&
1 . 01
- = !
X . .
. .
.
1 ) 13 7 W
= ALO,
ALO, WL
o004
= 0455087654 = 0488378717
f= 020708657 s r= 0200562311
P= 0304895005 p= 0268385208 ro
I .
.
= C o
-, =
vz . z
-
oo - - - - b b s e
S b3 1 H 2 3
ALO, ALO,
r= 0760190818
re 0847410118 = 057789008 =
%1 = 08p7s8sant p= 0.047306018
p= 000118
124
Lo
. &
& e
5 H Lo
g . ™
06 -
= »
] =
- -
- . .
2 15 H 2 1
ALO, ALO,

Figure 4: Distribution of major elements against Al2Os from sediments of Cuddalore Formation (Litholog C)
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Figure 5: Distribution of major elements against SiO2 of the Samples of Cuddalore Formation. (Litholog C)
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Table 5: Major and trace element distribution of the Cuddalore and Manaveli sediments (PAAS and UCC data from; Taylor and McLennan 1985).

MAN/ MAN/ MAN/ MAN/ MAN/ MAN/ MAN/ MAN/ MAN/ MAN/ MAN/ MAN/ MAN/
Sample | L2/S1 L2/S2 LL2/S3 | LL2/S4 | LL2/S5 | LL2/S6 | LL2/S7 | L3/S1 L3/S2 L4/S1 L4/S2 L4/S3 L4/S4 AVG PAAS UCC

Cuddalore Formation Manaveli Formation
NaZO
% 0.13 0.10 0.14 0.10 0.10 0.11 0.11 0.42 0.29 0.78 0.48 0.26 0.43 0.2653 1.2 3.90
MgO % | 0.01 0.02 0.03 0.02 0.02 0.03 0.05 1.09 1.21 1.09 1.96 2.16 1.45 0.7030 | 2.2 2.2
Al,O3
% 10.10 7.23 14.92 10.10 11.91 13.69 13.46 19.84 22.16 | 16.92 18.60 16.55 | 19.70 15.013 18.90 15.20
Si0, % | 85.69 87.91 74.59 84.73 83.76 77.76 80.08 60.09 57.72 | 62.39 58.19 50.34 | 59.47 70.978 | 62.3 66
P,0s % | 0.01 0.01 0.03 0.01 0.01 0.02 0.02 0.01 0.01 0.02 0.02 0.04 0.03 0.018 0.16 0.17
K20 % 0.07 0.04 0.09 0.05 0.05 0.29 0.28 1.97 1.62 2.09 1.80 1.56 1.90 0.908 3.70 3.40
Ca0% | 0.02 0.01 0.11 0.01 0.01 0.05 0.03 1.26 1.36 1.30 1.59 1.50 1.42 0.666 1.30 4.20
TiO,% | 0.25 0.14 1.53 0.18 0.26 0.58 0.48 0.58 0.56 0.48 0.67 0.54 0.55 0.523 1.00 0.50
MnO % | 0.01 0.01 0.01 0.01 0.01 0.02 0.03 0.01 0.01 0.01 0.01 0.01 0.01 0.012 0.11 0.1
FEQO;;
% 1.00 0.80 2.57 0.68 0.89 3.08 2.64 4.04 4.46 5.46 458 12.85 | 5.48 3.733 7.23 45
SiOy/Al --
203 8.48 12.15 4.99 8.38 7.03 5.68 5.94 3.02 2.60 3.68 3.12 3.04 3.018 -- --
KzO/Na -
.0 0.53 0.4 0.64 0.5 0.5 2.63 2.54 4.69 5.58 2.67 3.75 6 441 -- --
K,O/Al -
203 0.0069 | 0.005 0.006 0.005 0.004 0.021 0.02 0.099 0.073 | 0.123 0.096 0.094 | 0.09 -- --
FEQO;;/ -
K,O 14.28 20 28.55 13.6 17.8 10.62 9.42 2.05 2.75 2.61 2.54 8.23 2.88 -- --
NaZO/K -
20 1.85 25 1.55 2 2 0.37 0.39 0.21 0.17 0.37 0.26 0.16 0.22 - -
AlL,Os/T --
i0, 40.4 51.64 9.75 56.11 45.80 23.60 28.04 34.20 39.57 | 35.25 27.76 30.64 | 35.81 -- --
ClA 97.86 97.96 97.77 98.44 98.67 96.81 96.97 84.46 87.14 | 80.22 82.77 83.29 | 84 -- --
ICV 0.98 0.83 1.05 0.69 0.62 2.83 2.74 11.81 8.78 14.79 11.59 12,13 | 11.59 -- -- --
PIA 98.52 98.49 98.34 98.91 99.08 98.82 98.94 91.40 92.56 | 87.69 89.03 89.49 | 90.58 -- --
ciw 98.53 98.50 98.35 98.92 99.08 98.84 98.97 92.19 93.07 | 89.05 89.98 90.38 | 91.41 -- --
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Figure 6: Distribution of major elements against Al20s of the Samples of Manaveli Formation. (Litholog A)

Discussion

The depositional environments of the
Manaveli and Cuddalore formations were discussed
here based on granulometric data whereas weathering
intensity, compositional maturity, paleoclimate and

Depositional Environment

Discriminant Function Y1, Y2 and Y3
calculated using formula given by Sahu (1964), based
on graphic measurements (Folk and Ward, 1957)

provenance were deduced on the basis of were employed to understand depositional
geochemical data. environment of sediments.
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Figure 7: Distribution of major elements against SiO2 of the Samples of Manaveli Formation (Litholog A)
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Litholog C: Discriminant Function values suggested
that 100% of MAN/L2 samples of Cuddalore
Formation used to calculate Y1 fall in beach
environment. 100 % Y2 values fall in shallow marine
environment and 50% Y3 values fall in fluvio-deltaic
environment and 50% of samples fall in shallow
marine environment. Litholog D: Discriminant
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function values suggested that 100% of PER/L6
samples of Cuddalore Formation used to calculate Y1
fall in beach environment. 100 % Y2 values fall in
shallow marine environment and 83.4% Y3 values
fall in fluvio-deltaic environment and 16.6% of
samples fall in shallow marine environment.
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Figure 8: Grain size bivariate plot of MAN/L2 section of Cuddalore Formation (Litholog C), Bivariate plots viz., mean vs.
kurtosis, mean vs. skewness, mean vs. standard deviation and standard deviations vs. skewness are prepared in figure 8. The
samples from section MAN/L2 and PER/L6 of Cuddalore Formation show deposition of sediments dominantly in riverine to

deltaic environment.

Weathering Intensity and Compositional Maturity

The discriminant function analyses of the
sediments from the Cuddalore Formation infer that
mostly the sedimentation was in fluvio-deltaic
environment with incursions of shallow marine
environment. Bivariate plots / graphs are widely used
to understand the depositional environments
(Friedman,1961,1962 and 1967; Greenwood ,1969).
Various bivariate plots were prepared and interpreted
as follows. In order to interpret the degree of
chemical weathering and compositional maturity,
various chemical weathering indices have been
proposed (Neshitt and Young, 1982). These
Chemical weathering indices characterizes different
weathering profiles (Price and Velbel, 2003).
The Chemical Index of Alteration (CIA ={ Al;O3 /
(Al,Os+ CaO*+Na,0O+K,0) } x 100) by Neshitt and
Young (1982),
Index of Compositional Variability (ICV={(Fe.O3
+K20+Na;O + CaO*+MgO+MnO+TiO,) /Al,0s} x
100) by Cox and Lowe, (1995),

Plagioclase Index of Alteration (PIA={(Al.03-K:0)/
(Al03 + CaO* +Na,0-K,0)} x 100) by Fedo et al.,
(1995)

The Chemical Index of Weathering (CIW = {(Al.O3/
(Al,03+ CaO* + Na0)} x 100) (Harnois 1988)
were used in the present work to deduce source area
weathering conditions.

These chemical signatures of sedimentary
records have been found useful to define the source
area weathering conditions (Neshitt and Young,
1982, 1984; McLennan et al.,1993; Fedo et al.,
1995).

The CIA values of sediments from
Cuddalore Formation (Fig. 9, A) were plotted against
Al,O3 to understand weathering condition of source
rock. All plotted CIA values occupied space in the
region of intensive weathering, thus it indicates that
the sediments of the Cuddalore Formation were
derived from the area which was intensively
weathered.
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Figure 9: Bivariate plot of CIA against Al2Os showing weathering conditions of source rock of Cuddalore (A) and Manavali
formations (B) (after Nesbitt and Young 1982).

The CIA values of sediments from Manaveli which infer moderate to high maturity whereas the
Formation (Fig. 9, B) were plated against Al,O; to values K>O/Na;O ratios for Manaveli Formation
understand weathering condition of source rock. All range from 2.67 to 6 indicate moderate maturity. The

plotted CIA values occupied space in the region of PIA and CIW values range from 98.34 to 98.94 and
intensive weathering, thus it indicates that the 98.53 to 98.97 for the Cuddalore Formation whereas,
sediments of the Manaveli Formation were derived 87.69 to 92.56 and 89.05 to 92.19 for the Manaveli
from the area which was intensively weathered. Formation, infer intense source area weathering.

In the present study, the ICV value of the The binary relation of major oxides ratios
sediments from Cuddalore Formation varies from and their logs can be implemented to understand the
0.61 to 2.4 (average 1.39) indicating that sediments chemical maturity of the sediments. The logs of
of Cuddalore Formation are compositionally SiO/AIO2,  NaO/K,O  and  Fe;03/KoO  are
moderate to well matured whereas the ICV values of commonly used for determining the chemical
the sediments from Manaveli Formation ranges from maturity. Bivariate plots of these ratios are useful to
8.77 to 14.79 (average 11.78) suggesting that discriminate  mature and immature sediments
sediments are compositionally moderately matured. (Pettijohn et al., 1972; Herron, 1988; Vital and
The K>O/NayO ratios for the studied samples from Stattegger, 2000).
the Cuddalore Formation vary from 0.4 to 2.63,
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Figure 10a: Bivariate plots of log (SiO2/Al203) Figure 10b: Bivariate plot of log (SiO2/Al203)
vs. log (Fe203/K20) of the MAN/L2 sample of vs. log (Na2O/K20) of the MAN/L2 sample of

Cuddalore and Manaveli formations (after Herron, 1988).  Cuddalore and Manaveli formations (after Pettijohn et al., 1972)
Paleoclimate and Provenance (Na2O/K20) indicate that the sediments from

Bivariate plots of log (SiO2/Al;O3) vs. log Cuddalore and Manaveli formations were moderately
(Fe203/K,0) and log  (SiO/AlO3) vs. log matured.
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Figure 11 Bivariate plot of Al203 +K20+Na20 against
SiOz showing climatic condition of Cuddalore and
Manavali formations (after Suttner and Dutta, 1986).

Suttner and Dutta (1986) have established a
relationship between (Al,O3+K,0+Na;0O) and SiO,
that can be used to discuss chemical maturity and
climatic condition of source rock area. In the
Bivariate plot of (Al.03;+K;0+Na2O) against SiO-
(Suttner and Dutta, 1986), all the samples of the
Cuddalore Formation fall in semi-humid zone
(Fig.11) and Manaveli Formation fall in semi-arid
zone (Fig.11). Thus, the bivariate plot of the samples
of the Cuddalore Formation infers that the sediments
are chemically well mature and deposited in semi-
humid and samples of Manaveli Formation are
chemically moderately mature and deposited in semi-
arid climatic conditions.

The discriminant function diagram is widely
used in the provenance study. Roser and Korsch
(1988) have given the discriminant function diagram.
They have proposed 2 discriminant functions which
are as F1 = (—1 J733Ti0;, + 0.607Al,03 + 0.76Fe,03 —
1.5MgO + 0.616Ca0O + 0.509Na,0 — 1.224K,0 -
909) and F2 = (0.445Ti02+ 0.07Al,03— 0.25 Fe,03
—1.142MgO + 0.438Ca0 + 1.475Na;0 + 1.426 K,0
— 6.86) and 4 provenance fields which are as (P1)
Mafic igneous provenance, (P2) Intermediate igneous
provenance, (P3) Felsic igneous provenance, and
(P4) Quartzose sedimentary provenance. The
bivariate plot (Roser and Korsch, 1988) of F1 against
F2 can be used for interpreting the provenance.

In the discriminant function diagram, all the
samples of Cuddalore Formation fall in P4 region
indicating the sedimentary provenance and samples
of Manaveli Formation fall in P1 region indicating
the Mafic igneous provenance. Hayashi et al. (1997)
suggested Al,O3 /TiO- ratio increases from 3 to 8 for
mafic igneous rocks, from 8 to 21 for intermediate
rocks and from 21 to 70 for felsic igneous rocks. The

Shyam N. Mude, Shyam Yawale and Vishal Choudhari

Figure 12: Discriminant function F1 against discriminant
function F2 variation diagram of Cuddalore Formation and
Manaveli Formation, fields after Roser and Korsch (1988),
Provenance fields: (P1) Mafic igneous provenance, (P2)
Intermediate igneous provenance, (P3) Felsic igneous
provenance, and (P4) Quartzose sedimentary provenance (after
Roser and Korsch, 1988).

values of Al,O3/TiO, ratios vary from 9.75 to 51.64
(average 36.47) for Cuddalore Formation and 27.76
to 39.57 (average 33.87) for Manaveli Formation,
inferring felsic igneous provenance for both.

Conclusions

The discriminant function analysis of the
sediments from the Cuddalore Formation infers that
mostly the sedimentation occurred in fluvio-deltaic
environment with incursions of shallow marine
environment whereas bivariate plots suggests that the
deposition occurred in riverine to deltaic
environment. The weathering indices of the
sediments from Manaveli and Cuddalore formations
infer high/intense weathering prevailed in source area
of sediments for Manaveli and Cuddalore formations.
The sediments of Cuddalore Formations are
chemically moderately to well mature whereas, the
sediments from Manaveli Formation are moderately
mature. The ratio (Al.03+K,0+Na20)/SiO; indicate
semi-humid climatic conditions during deposition of
Cuddalore Formation whereas, Manaveli Formation
was deposited in semi-arid climatic conditions. The
discriminant function diagram suggests quartzose
sedimentary provenance for Cuddalore and Mafic
igneous provenance for Manaveli Formation. The
Al,O3/TiO, ratios of Cuddalore and Manaveli
formations, infer felsic igneous provenance for both.
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