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ABSTRACT

The Quaternary period is considered one of the most eventful periods of all geologic periods. The
present study intends to understand the paleo-environmental conditions that prevailed in the southern
part of the Kerala State, India, during the Late Quaternary period. The present study aims to understand
the climatic variability of the Holocene epoch in the Chirakkara region, the easternmost part of Polachira
wetland, Kollam district, South Kerala, by using granulometric data and geochemical proxies. A core
of 2.5 m in length has been collected from the study area, and both textural and TOC/TN analyses
were carried out. The variation in grain size is attributed to the variations in the energy level of the
transporting medium and turn to the climatic conditions, especially rainfall. The sediments encountered
in the core are dominated by sand-sized particles indicating dynamic high energy conditions and high
precipitation events. The ternary plot of the sediment samples also suggests violent environmental
conditions during the deposition of the sediments. The predominance of low values of TOC/TN ratio
found at both ends of the core indicates an autochthonous source for organic carbon, possibly due to
the aggravated aquatic phytoplankton activity, and increased lake bioproduction, and/or decline in the
delivery of organic matter from the terrestrial environment. High values of the TOC/TN ratio noted at
the middle portion of the core at depths from 120 cm to 210 cm indicate the allochthonous source for
the organic carbon. Among allochthonous sources, the C3-type plant is dominant, indicating a cool and
wet climate. At the same time, the extremely high TOC/TN values at 170 cm core depth indicate a short
period of hot and sunny climatic conditions. The analysis of the granulometric data and organic matter
proxies suggest that the study area has experienced wet climatic conditions with occasional dry spells
during the Late Quaternary Period.
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INTRODUCTION climatic changes during the Late Quaternary Period has been
studied by Mishra et al. (2003). Padmalal et al. (2012) con-
ducted a study on India s fragile coast with special reference
to Late Quaternary environmental dynamics. It is believed
that the sea-level fluctuations after the Last Glacial Maximum
of the Quaternary Period have resulted in the deposition of
sediments along the Kerala coast during the later stage of the

logical, micropaleontological, and.geochemical imprints Quaternary (Thamban et al. 2001, Pandarinath et al. 2007,
are embedded in the Quaternary sediments (Chappell 1974, Shankar & Karbassi 1992, Hashimi et al. 1995). There were
Fairbanks 1989, Charles et al. 1996, Naidu & Malmgren

Understanding the climatic variations of the recent past
is highly essential for drawing comprehensive plans for
protecting mother Earth. Paleoclimatic evidence preserved
in geologic materials gives indirect indications of the past
climatic conditions. Different proxies such as sedimento-

999. Thamb 1200 darinath et al. 200 - few attempts earlier to study the quaternary sediments found
1999, Thamban et al. 1, Pandarinath et al. 2007). Various along the coastal belt of Kerala, where the focus was mainly

methods were suggested by many workers for the reconstruc- on the sedimentological and textural parameters (Nair 1996,

tion of Quaternary paleoclimatic conditions (Bradley 1999, g, 1, 14din 1986, Rao et al. 2010, Padmalal et al. 2014, Vish-
Mirecki et al. 1995, Slowey et al. 2002, Ishimura et al. 2012). ’ ’ ’

Many studies relate the sea-level changes on the west coast
of India to the climatic conditions of the Quaternary Period
(Gupta 1972, Nair & Hashimi 1980, Kale & Rajaguru 1985,
Baskaran et al. 1989, Somayajulu 1990, Shankar & Karbassi STUDY AREA

1992, Hashimi et al. 1995, Pandarinath et al. 1998). The re-

sponse of the river system along the west coast of Indiatothe A core sample has been collected from the Chirakkara

nu Mohan 2015). The present study aims to reconstruct the
Quaternary climatic conditions of the Kollam region, Kerala
State, based on sedimentological and geochemical analysis.
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region, the easternmost part of the Polachira wetland, Kollam
district, South Kerala. Polachira is a wetland spread over an
area of 600 hectares of sprawling land and at an altitude of 5
m above sea level, located in the Kollam District. Polachira
wetland is a partially water-logged marshy basin. The
wetland encircles the Paravur estuary of the Ithikkara River. It
is aunique eco-geo system. As a result of the biodiversity and
abundance of fish and mussels within the wetland, Polachira
is a favorite destination for migratory birds too.

A core of 2.5 m in length has been collected from the study
area at the latitude of 8°8’42 N and a longitude of 76°43°22.8
E (Fig. 1). The Study area receives an average of about 2555
mm of rainfall annually. The major source of rainfall is the
southwest monsoon from June to September which contrib-
utes nearly 55% of the total rainfall of the year. The northeast
monsoon season from October to December contributes about
24% and the remaining 21% is received from January to May
as pre-monsoon showers. Out of the total 119 rainy days, 70
rainy days occur in the southwest monsoon season.

MATERIALS AND METHODS

The recovered core has been subsampled at every 5 cm
and preserved for further laboratory analyses. The textural

76°40'0"E
1
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analysis of sediment samples was conducted by following
standard methods such as sieving (Ingram 1971) and
pipetting (Galehouse 1971). Total Nitrogen (TN) and Total
Organic Carbon (TOC) in the core samples were measured
using a CHN analyzer (Elementar Vario EL CUBE).

RESULTS AND DISCUSSION
Grain Size

The grain size depends on the type of environmental set-
ting, transporting agent, length and time during transport,
and depositional conditions. Hence, it acquires remarkable
usefulness as an environmental proxy (McManus 1988,
Stanley-Wood & Lines 1992). The variation in grain size can
be attributed to the energy level, the velocity of water, and
in turn the climatic conditions, especially rainfall (Pettijohn
1957). Clay size particles indicate lower energy levels and
low-intensity rainfall patterns or a calm environment. During
high precipitation events, the energy level of the transporting
medium increases. As a result, the sediments being depos-
ited will move to the coarser end, such as gravel, sand, etc.
(Pettijohn 1957). The details of the downcore variation of
the grain size parameters of the present study are summed
up in Tablel.

76°42'30"E 76°45'0"E
1 1
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Fig. 1: Map of the study area.
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PALAEOCLIMATIC STUDIES OF LATE QUATERNARY SEDIMENTS

In the present work, the sand content varies from 33.39
% 10 91.42 %, and that of silt varies from 7.77% to 64.5%.
All samples are characterized by a very low amount of clay
particles, i.e., 0.45 % to 2.33 %. Both sand and silt content
fluctuate drastically along the core length. The downcore
variation of clay also shows an irregular variation (Fig. 2).
The higher content of sand-sized particles indicates dynamic
high energy conditions and high precipitation events.

The sediment classification scheme proposed by Picard
(1971) also clearly reveals the dominance of sandy texture
over the entire core length (Fig. 3). The upper portions of the
core, up to a depth of 200cm are characterized by the alter-
native occurrence of sandy silt and silty sand sediments. The
lower portions are dominated by sand-sized sediments. The
sediment type sandy mud is present at a depth of 63 cm only.

The demarcation of diverse environments from granu-
lometric studies can be done because particle distribution
is tremendously reactive to the environment of deposition
(Mason & Folk 1958, Friedman 1961, 1967, Griffiths 1962,
Stapor & Tanner 1975, Nordstrom 1977, Goldberg 1980, Sly
et al. 1982, Seralathan 1988, Padmalal 1992, Badarudeen

Table 1: Down core variation of grain size parameters of the core samples.
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1997, Mohan 2000). The sediments that are laid down in
different depositional environments, should have peculiar
particle size distributions due to their differential erosion,
transportation, and deposition (Lario et al. 2002). The hydro-
dynamic condition of deposition can be understood by using
a ternary diagram proposed by Pejrup (1988) which mostly
characterizes an aggregated fine fraction and a non-aggregat-
ed coarse fraction. The ternary diagram put forth by Pejrup
(1988) has been applied in the core samples collected from
Chirakkara to decipher the hydrodynamic dynamic condition
of deposition that existed at that time. All samples fall in
category IV of the ternary diagram (Fig. 4) indicating the
dominance of violent environmental conditions during the
deposition of the sediments.

Total Nitrogen and Total Organic Carbon Percentage

Total organic carbon (TOC) and total nitrogen (TN) values
of sediments can be used to unravel the palaeo-climatic con-
ditions, since their ratios (TOC/TN) can differentiate marine
and terrestrial sources of organic matter, the environment
of deposition, etc. Total organic carbon and total nitrogen

Sample Number  Depth [cm] Sand [%]  Clay [%] Silt [%] Sediment Type by Picard  Depositional environment after Pejrup
(1971) (1988)
CK1 53 42.34 2.33 55.33 Sandy silt v
CK3 63 50.18 0.97 48.85 Sandy mud v
CK5 73 74.82 0.48 24.7 Sand v
CK 6 78 80.61 0.55 18.84 Sand v
CK7 83 78.04 0.45 21.51 Sand v
CK9 90 62.52 1.92 35.56 Silty sand v
CK 11 100 68.17 0.57 31.26 Silty sand v
CK 13 110 62.67 0.73 36.6 Silty sand v
CK 15 120 54.76 0.84 444 Silty sand v
CK 17 130 36.05 1.30 62.65 Sandy silt v
CK 18 135 42.22 1.47 56.31 Sandy silt v
CK 19 140 45.55 1.40 53.05 Sandy silt v
CK 20 145 56.15 1.39 42.46 Silty sand v
CK 23 160 38.89 1.37 59.74 Sandy silt v
CK 25 170 33.39 2.11 64.5 Sandy silt v
CK 31 200 72.53 1.16 26.31 Silty sand v
CK 33 210 79.37 0.77 19.86 Sand v
CK 35 220 88.43 0.58 10.99 Sand v
CK 36 225 91.42 0.81 7.7 Sand v
CK 39 240 89.79 0.60 9.61 Sand v
CK 41 250 87.79 0.57 11.64 Sand v
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Fig. 2: Down core variation of sand, silt, and clay particles of the study area.

Clay

Fig. 3: Sediment type derived from Picard (1971).

content ratios have been used widely as biomarkers for the
reconstruction of the depositional environments and to trace
the environmental changes of the past (Dean 1999,1974,
Avramidis et al. 2013, 2014, Badejo et al. 2014, Aasif Lone
et al. 2018). Organic matter deposited in lakes has two
principal sources: aquatic phytoplankton living in the lake
(autochthonous) and terrestrial plants growing in the catch-

ment (allochthonous) (Meyers 1990). Aquatic phytoplankton
contains relatively abundant proteins that are rich in organic
nitrogen, and therefore the autochthonous organic matter
is characterized by low TOC/TN ratios, between 4 and 10
(Meyers 1990). Terrestrial vascular plants are dominated
by lignin and cellulose that are poor in nitrogen, and thus
allochthonous organic matter has high TOC/TN ratios of 20

Vol. 21, No. 3, 2022 ® Nature Environment and Pollution Technology
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Fig. 4: Ternary plot of Pejrup (1988) showing the depositional environment.

and greater (Meyers 1990). Among the terrestrial plants’ C3
vascular plants, which indicate cool & wet environments, has
TOC/TN ratios around 12 and over (Tyson 1995), whereas,
terrestrial C4 grasses, which indicate hot & sunny envi-
ronment typically have TOC/TC ratios above 30 (Meyers
1994). In the present study, the TN values range from 0.05
to 0.40%, and that of the TOC ranges from 0.44 to 9.14%.
The TOC/TN values range from 5.461 to 30.466% (Table 2).

The downcore variation pattern of both TOC and TN
shows an irregular behavior, and that of TOC/TN shows a
peak at the middle portion of the core (Fig 5). The upper
and lower portion of the core is characterized by extremely
low values of TOC/TN ratio, which indicates an autoch-
thonous source for organic carbon, possibly due to aquatic
phytoplankton activity and decline in the delivery of organic
matter from the terrestrial environment and increased lake
bioproduction. High values of the TOC/TN ratio present at
the middle portion of the core depths, ie., from 120 cm to 210
cm indicate the allochthonous source for the organic carbon.
Among allochthonous source, the C3 type plant dominate
which indicates a cool and wet climate, whereas, the extreme
high TOC/TN values at 170 cm core depth indicate hot and
sunny climatic conditions. The extreme high ratios at these
depths also indicate intense fluvial activity which may be
due to neo-tectonic activities or due to high precipitation
events, as indicated by the granulometric analysis. On the
west coast of India, the climate was arid around 11 kyrs BP
(Hashimi & Nair 1986, Sarkar et al. 1990) and changed to
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Table 2: Down core variation of TOC, TN, and TOC/TN.
Sample-  Coredepth[cm] TOC[%] TN[%] TOC/TN
Number
CK 1 53 4.08 0.40 10.2
CK3 63 1.57 0.20 7.85
CK5 73 0.60 0.14 4.286
CK 6 78 0.69 0.12 5.75
CK7 83 0.44 0.08 5.5
CK9 90 0.49 0.05 9.8
CK 11 100 0.65 0.10 6.5
CK 13 110 0.52 0.08 6.5
CK 15 120 0.64 0.05 12.8
CK 17 130 2.37 0.16 14.812
CK 18 135 4.29 0.20 21.45
CK 19 140 1.98 0.16 12.375
CK 20 145 0.91 0.14 6.5
CK 23 160 2.78 0.24 11.583
CK 25 170 9.14 0.30 30.466
CK 31 200 6.61 0.26 25.423
CK 33 210 2.48 0.17 14.588
CK 35 220 0.80 0.13 6.154
CK 36 230 0.71 0.13 5.461
CK 39 240 1.0 0.13 7.692
CK 41 250 1.09 0.13 8.385
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Fig. 5: Downcore variation of TOC, TN, and TOC/TN values.

warm and humid around 10 kyrs BP. Thereafter, the monsoon
showers got intensified and remained so up to 7 kyrs BP
(Nair & Hashimi 1980).

CONCLUSION

The sediment analysis of the core sample recovered from
the Polachira wetland at Kollam district, Kerala State, India,
reveals that the study area had witnessed high precipitation
conditions with occasional dry or hot and sunny climatic con-
ditions in the recent past. The highly fluctuating as well as the
higher content of sand-size particles indicates intermittent high
energy conditions and high precipitation events. The ternary
plot (Pejrup 1988) indicates violent environmental conditions
during the deposition of these sediments. The upper and lower
portions of the core are characterized by extremely low values
of TOC/TN ratio, indicating an autochthonous source for or-
ganic carbon, possibly due to aquatic phytoplankton activity
(Meyers 1990). It further indicates a state of limited delivery of
organic matter from the terrestrial environment and increased
lake bioproduction. High values of the TOC/TN ratio present
at the middle portion of the core depths from 120 cm to 210
cm indicate the allochthonous source for the organic carbon.
Among the allochthonous sources, the C3 type plant dominates
indicating a cool and wet climate (Tyson 1995). The extremely
high TOC/TN values noted at 170 cm core depth indicate hot
and sunny climatic conditions. The granulometric analysis and
the TOC/TN ratio values of the sediments suggest a state of
overall cool and wet climatic conditions with occasional dry
or hot and sunny environmental conditions during the later
Quaternary period.
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