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Abstract

Holocene sea level curve has been generated for the East Coast of India. About seventy five
14C dates which are available from published works on coastal plains and offshore regions of
the East Coast were considered and were subsequently calibrated into calendar years for
analysis and plotting thereof. From the 100m depth, a moderate rate of sea level rising at the rate
of about 0.88m/100 years is observed during 14,800 to 10,800 YBP. In between 10,800 to
9,200 YBP, a steep rise (Sea Level Rise - SR1) is noticed at the rate of 2.06m/100 years.
Following a brief sluggish phase (for nearly about 1,100 years) of slow rising around 0.82m/100
years, another steep rate of rising of about 2.22m/100 years (SR2) is observed during 8,100 to
7,200 YBP. After that period to the Recent, there were 5 minor fluctuations with regression
phases dominating over transgression phases in terms of duration and magnitude. It is also
observed that the magnitude of all five high stands in between 7,200 to the recent has a decreasing
trend from +4m to Om. It obviously indicates that the most of the present day coastal plains
were once under the sea as evidenced by the presence of many inland leftover paleo delta signatures
in the East Coast of India.



1.0 Introduction

During the past few decades, research studies on global climate change has occupied a centre stage
engaging scientists and others in data generation, predictive modelling and policy-making at global,
regional and local levels. The many possible impacts of climate change have been perceived
and felt through various environmental parameters among which the sea level fluctuations are of
prime importance (Tooley, 1985; Morner,1996; Zazo et al., 1999; Lambeck et al., 2002). On the
way to construct various predictive scenarios of future sea levels expected due to climate change, the
baseline sea level history during the recent past is of prime importance. Many scientists from around
the world have generated sea level curves especially of Holocene period for various coastal sectors
(Fairbanks,1989; Pirazzoli,1991; Antonio, 1991; Panchang et al., 2008) of different countries.

In India, sea level studies were carried out in many parts of the country in the earlier decades
(Chatterjee,1962; Gardner,1981; Bruckner,1989; Rajamanickam and Loveson, 1990; Merh,1987
and 1992; Rachna, et al.,1998; Banerjee, 2000; Somayajulu, 2002). Dots of sea level information
are available for specific areas of East Coastal region (Mittre and Gupta 1972; Rajagopalan, et
al.,, 1978; Gupta,1981; Barui, et al., 1986; Tissot 1987; Bruckner,1988; Rao, et al., 1990;
Chakrabarti,1992; Vaidyanadhan and Ghosh, 1993; Mohana Rao and Rao 1994; Das, et al.,
1996; Vaz,1996; Rao, et al.,1996; Vaz and Banerjee, 1997; Achyuthan,1997; Hameed, et al, 2006;
Banerjee,2000; Vaz, 2000; Vaz et al., 2008). Though localised and patchy sea level information is
available for East and West Coasts of India, a comprehensive regional Holocene sea level curve
for the East Coast has not been attempted by anybody. However, Kale and Rajaguru (1985) and
Hashimi et al., (1995) based on transgression and regression history of West Coast of India have
prepared comprehensive sea levels curve for Holocene. Further, based on studies on Western Indian
continental margin, Nigam and Hashimi (2002) have also compiled a comprehensive sea level
curve. There were also attempts by Earth Scientists from countries adjacent to India on sea level
studies and to work out sea level curves (Shahidul,1995; Katupotha, 1988) for Bangladesh and Sri
Lanka respectively. The present study endeavours to construct a comprehensive Holocene sea

level curve for the East Coast of India based on the available sources of information.
2.0 Geospatial importance and Back-up information of the study area

The East Coast of India is an emerging coast (Loveson and Rajamanickam 1988 a & 2000)
with many major rivers draining into the Bay of Bengal through their deltas (Vaidyanadhan
and Ghosh, 1993). Along this coast, there are several signature geomorphic features like marine

terraces, beach ridges, paleo lagoons etc., spreading all over the coastal plains, indicating sea



level fluctuations in the Recent past. In most of the deltas, one can see many forms and features
indicating progradation of deltas which were illustrated by many researchers with particular
reference to the Holocene sea levels (Vaidyanadhan, 1971; Sambasiva Rao, et al.,, 1978;
Vaidyanadhan and Ghosh, 1993). Foraminifers were sometimes used to decipher sea level
changes (Nigam, 1996). Few archaeological evidences are also available reflecting sea level
changes in the form of ancient and historic port cities (Rajguru and Guzder, 1973;

Rajamanickam and Loveson, 1988; Sarma 1991).
3.0 Methodology

In the published literature on sea level studies along the East Coast of India, available dates and
related details (such as elevation / depth at which samples are collected, nature of the samples,
location information etc.) are collected and documented region wise. In the present study, only the
carbon 14 dates (about seventy five 14C dates available on coastal plains and offshore regions of
the East Coast of India) are considered for compiling and constructing a comprehensive sea level
curve, particularly for the Holocene period. Available dates, from mostly carbonaceous and siliceous
materials, are considered. In most of the sea level studies, shells, coral and wood materials were
given importance for dating as they are the good indicators of sea level stands (Tooley, 1978;
Van de Plassche,1986). The information which was considered in the present study is presented in
Table 1. Since the East Coast of India supports an intensive coral growth due to its shallow sea
conditions, coral related dates predominate the list. Dated materials also included wood, peat,
organic matter, shell, foram aggregate, carbonaceous tidal clay etc. Most of the samples were located

at elevation range from +6m to -100m, above and below the present mean sea level respectively.
Table 1. Available data on Carbon dates along the East Coast of India

All available 14C BP dates were converted into calendar years using CalPal, an online
program (http://monrepos-rgzm.de). This calibration algorithm uses the calibration curve. The
calibrated ages are used to plot against the elevation to get the sea level curve. The availability of
sufficient data points made the curve more comprehensive and inclusive to bring out various sea
level stands (high and low), especially during the Holocene period. Though the curve generation
is intended for the Holocene period, the plot was little extended up to 15,000 years to
understand the rise of the sea level during the LGM (Last Glacial Maximum) period i.e., transitional

period between the Holocene and the Late Pleistocene.



4.0 Results and Discussions
4.1 Sea Level Curve: Interpretation

The sea level curve generated for the East Coast of India has some similarities with the
global prototype curve (Pirazzoli, 1991) in general but has its own specific characteristic
pattern as well (Fig.1). There appears to be a good correlation with Sri Lankan sea level curve
(Katupotha, 1988) and is also comparable with the sea level fluctuation events along the West Coast
of India (Nair, 1974; Chauhan and Almeida, 1993; Wagle, et al., 1994; Wagle and Veerayya, 1996),
as well as comparable with the sea level curve prepared by Hashimi, et al., (1995). One important
commonality found in both the curves (of present study and of Hashimi, op cit) is that sea level rose
at a very high rate (~2m/100 years) from 10,000 to 7,000 years BP.

From the present study, two stages of steep rise are observed during late Pleistocene period
between 10,800 and 9200 years (SR1) as well as between 8100 and 7200 years (SR2). During the
earlier steep rise (SR1) stage, the sea level rose from -65m to -32m and recorded about 33m rise in
nearly 1600 years i.e., at the rate of about 2.06m/100 years. Similar trend of sea level rise has been
documented by Rana, et al., (2007) off central East Coast of India based on dating of relict
benthic foraminifera in seabed sediments at the depths 30-110m. The SR2 accounted for -23
to -3m rise during 900 years., i.e., 20m rise in 900 years which works out to about 2.22m rise in
100 years. The SR2 trend is a little steeper than SR1 indicating intense glacier melting periods of
Late Pleistocene causing submergence of a extensive land area. The occurrences of oolitic sands
between -100 to -145m indicate a lower stand (Subba Rao, 1964). Based on the bathymetric
linear heights of East Coast continental shelf, Banerjee and Sengupta (1992) suggested three
low stands between 30 to 90m depth. Prudhvi Raju and Vaidyanadhan (1981) and Srinivasa
Rao et al., 1990) have reported submarine terraces at -23m (7000- 8000yrs) and -17m (8200 yrs)
respectively which indicate paleo sea level low stands.

Around 14,500 years BP, the sea level was at 100m depth, exposing land connections between India
and Sri Lanka as one land mass. Around 18,000 YBP, the major phase of transgression started
worldwide. Vaidyanadhan and Prudhvi Raju (2000) have documented that the sea level was at 80 m
depth during 12,000 years before a transgression phase started. In the midst of rapid transgression,
the present sea level curve suggests that during 9200 to 8100 years., i.e., about 1100 years
long duration, there were very small sea level fluctuations and indicating a sluggish phase of
transgression. This stage of slow changes is observed in the curve between the steep rises, i.e., SR1

and SR2. The continuous rise in sea level ever since late Pleistocene has reached the present sea



level during 6800 years 100 BP and the highest sea level of about ~4m above the present sea level is
observed during 6050 BP. Since then, the sea level started fluctuating in lesser magnitudes (between

+4.0m to -2.0m), responding to the cycles of global ice melting and climate thereof.

Based on the fluctuation of the sea levels on the East Coast of India in the last 15000 years, five
significant major stages are observed (Fig.2). In the first stage up to 10800 years BP, the rising was
considerable but not rapid. The second (SR1) and fourth stages (SR2) represent steep rises
(@2.06m/100 years and 2.22m/100 years respectively) whereas 3rd stage is a sluggish phase (only
@ 0.82m/100 years). This sluggish phase is well supported by many available 14C dates (Fig.2 and
Table 1).

In the Holocene period, starting from 7200 YBP to the Recent, there were several minor fluctuations
which can be classified into 5 sub-stages viz., 5a, 5b, 5¢, 5d and 5e of high and low stands (Fig.2).
The first sub-stage (5a) lasted nearly 2100 years and represented a high sea level stand of nearly ~+4
m. The sub-stage 5b existed for nearly 750 years and about ~+3m high stand is illustrated in
the curve. Likewise, the 5¢ sub-stage from 4350 to 3100 years (lasted 1250 years duration) recorded
~+3.0m high stand but dropped to -2m low stand during this period. From 3100 years to the Recent
years, there were two minor fluctuations (sub-stages 5d and 5e) which registered low high stands of
+1.0 and +1.5m respectively (Table 2). Around 3800 to 3000 years, the curve exhibits a lower stand
which could be attributed to the minor disturbances caused due to extreme events and land
stabilization (Achyuthan and Baker, 2002). Another such event is seen during last 1000 years
(Rajendren et al., 2006).

4.2 Holocene Cycles and Sea level Highs and Lows

From the sea level curve of the present study, the Holocene period exhibits 5 high stands and
4 low stands, in totality (Table 2). All these 5 sub-stages /cycles (Transgressions+ Regressions)
have their characteristic elevation of high and lows. Though the cycle between 7200 to 5100 years
BP displayed evidence of a high stand of about ~+4m with reference to present sea level, others
are confined to small highs and lows respectively. More significantly, two cycles that happened
between 5100 and 3100 years BP, were alike showing ~+3m highs (Fig.2). Agrawal and Kusumgar
(1967) has estimated that the sea level rose to more than +3m above present day level during
6,000 years before and since then it had been fluctuating. Achyuthan (1997) has studied the
oyster beds of Muthukadu tidal flat zone near Chennai (Tamil Nadu), South India) and
explained a high sea level condition since 2500 BP (1920-1620 BC). From a study from Sulurpet

coast, Andhra Pradesh, Farooqui and Vaz (2000) have reported that the sea level reached its



maximum around 6650+110 BP. Prudhvi Raju et. al., (1993) inferred that the sea level has risen to
about 1.0 to 1.5 m above present level during 6000 to 5000 BP along Vishakapatnam coast. From the
observations from East and South Indian coast, Banerjee (1993) has traced a high stand at
around 6000 YBP and categorised it as the natural pinnacle of the present day interglacial phase.
Similar observations have been reported in the South-western and Southern Coast of Sri Lanka
by Katupotha and Fujiwara, (1988) and they inferred that the mean sea level was around +1m
higher than the present during 3210+70 to 233+60 BP. In the present study the sea level curve
Ilustrates five high stands ~+4m at 6050 YBP, ~+3m at 4900 and 4100 YBP, ~+1m at 1900 and
~+1.5m at 500 YBP and subsequently shows a decreasing trend. Whereas the 4 low stands viz.,
~+2.5m at 5100 YBP, ~+2m at 4350 YBP, ~-2 mat 3100 YBP and ~+0.5m at 1100 YBP indicate
minor oscillations between +2.5 to -2 m vis-a-vis the present sea level. More or less, all low stands

stood between +2.5 to -2.0m.
Table 2. Details of the high and low stands during various Holocene cycles

Further, the sea level curve indicates that around 6850, 3900, 2500, ~1500 and 900 YBP, the sea
level was at a level as that of today. From Figure 2 it can be observed that after the cycles 5a to 5¢
(i.e., 7200-3100 YBP), the sea level fluctuations were in a placid phase.

4.3 Transgressions and Regressions during the Holocene Period elsewhere

Kale and Rajguru (1985) have studied transgression and regression cycles of the west coast.
Faroqui and Vaz (2000) have inferred a regressive phase from 4608+122 yrs BP around Sulurpet
coast. Achyuthan and Baker (2002) advocated that the advance of the sea has been observed at the
beginning of 1900+45 BP along northern part of Tamil Nadu. Based on the palyno-plankton
stratigraphy and paleo-biology studies, transgression of the sea between 7000 and 6175 years BP
and regression after 6175 years BP in Bengal basin has been recorded by Gupta, (1981),
Banerjee and Sen, (1987), Sen and Banerjee (1988, 1990 & 2016). A transgression phase at 6,000
years in Saurashtra coast was assessed by Gupta (1977) and Somayajulu, et.al. (1985). Bruckner
(1989) based on dating interpreted a marine transgression at 2,600 years along west coast (Amba,
Dharamtar, Maharashtra coast) and Guzder (1980) inferred that sea level was 1m higher that the
present level during 2500 BP along Konkan Maharashtra coast. Dating gastropod shells, Mathur, et
al.,(2004) explained an overall regressing trend from 6000 to 200 years YBP along northwest
coast. Along Kerala coast, a phase of transgression between 8000 and 6000 years BP and regression
between 5000 to 3000 YBP has been reported (Rajendran, et al.,1989). During the Holocene period,



atleast 4 to 5 major transgressions were reported along Southern Tamil Nadu Coast based on beach

ridges and marine terraces (Loveson and Rajamanickam, 1988a and 2000).

In the present study based on the highs and lows (of sea level) as observed in the Holocene sea
level curve of the East Coast of India, various phases of transgressions and regressions are
worked out. There were in total 5 transgression and regression phases during 7200 to the
present (Table 3). Each cycle (transgression+regression) ranged from 2100 to 750 years. It is seen
that the regression phases lasted for a little more duration than those of transgression phases
to a ratio of about 52:48 in a total duration of last 7200 years.

Table 3. Details of the transgressions and regression phases

Recorded transgressions prove that most of the coastal plains were once under the sea. There
are incontrovertible evidences in the form of paleo delta signatures along the East Coast of India
(Vaidyanadhan 1971; Sambasiva Rao, et.al.,1978; Loveson, etal., 1990; Ramasamy, et.al.,
2006) supporting the transgressions. It is also significant to understand that the transgression
events are more dynamic than those of the slower regression events. From the curve, it can also be
observed that the magnitude of high stands is considerably coming down gradually from a high of
~4.0m during 6050 YBP to 1.5m at 500 YBP respectively (through 3.0m, 3.0m, and 1.0m
during 4900, 4100 and 1900 YBP respectively).

5.0 Conclusions

The present attempt to construct the Holocene sea level curve for the East Coast of India is
the first ever effort and is based on the several published 14C dates. From a depth of about
100m during 14800 YBP, the sea level rose to the present day level with significant stages of
oscillations. Two steep rises are observed with the rate of 2.06m/100 years and 2.22m/100
years from 14800 to 7200 YBP. In between these steep rises, a stand still period is noticed from 9200
to 8100 YBP. After 7200 YBP, there were 5 minor fluctuations represented by various magnitudes
of transgressions and complimentary regressions, up to the recent time. During the Holocene period
many time (around 6850, 3900, 2500, 1500 and 900 YBP), the sea level recorded at the datum /
azimuth level (i.e., 0 msl) along the East Coast of India.

Acknowledgements

The authors sincerely thank the Director, NIO for permission to publish this manuscript.
Encouragements from Dr Harsh Gupta and Dr Shailesh Naik are thankfully acknowledged.

The NIO contribution number is......



References (Revised)

Achyuthan, H. and Baker, V.R. (2002) Coastal response to changes in sea level since the last 4500
BP on the East Coast of Tamil Nadu, India. Radiocarbon. 449(1):137-144.

Achyuthan, H. (1997) Age and formation of oyster beds of Muthukadu tidal flat zone, Chennai,
Tamil Nadu. Curr. Sci. 73(5):450-453.

Agrawal, D.P. and Kusumgar, S. (1967) Some radiocarbon dates for prehistoric and Pleistocene
samples. Curr. Sci. 36:566-568.

Antonio, P.P. (1991) World atlas of Holocene sea level changes. Elsevier Oceanography Series-58,
UNESCO. Elsevier, Amsterdam.

Banerjee, B.K. (2000) Holocene and Late Pleistocene relative sea level fluctuations along the East
Coast of India. Mar. Geol. 167:243-260.

Banerjee, M. and Sen, P.K. (1987) Paleo-biology in understanding the change of sea level and
coastline in Bengal Basin during Holocene period. Indian J.Earth Sci., Spec. Number: Modern
trend in Quaternary Geology, 14(3-4):307-320.

Banerjee, A. and Sengupta, R. (1992) Evidences of low stands on the continental shelf of the east
coast of India. In: Recent geoscientific studies in Bay of Bengal and Andaman Sea. Spec. Publ. 29
(Geol. Surv. India), pp.163-170.

Banerjee, P.K. (1993) Imprints of late Quaternary climate and sea level changes on East and South
Indian coast. Geo-Mar.Lett. 13:56-60.

Banerjee, P.K. (2000) Holocene and Late Pleistocene relative sea level fluctuations along the East
Coast of India. Mar.Geol. 167:243-260.

Barui, N.C., Chanda, S. and Bhattacharya ,K. (1986) Late Quaternary vegetation history of Bengal
Basin. Proc XI. Collog. Micropalaentol. Strartigr., In: Bull. Geol. Metal. Soc. India. 54:197-201.
Bimal, K. Samanta. (ed).

Bruckner, H. (1988) Indicators for formerly higher sea levels along the East Coast of India and on
the Andaman Islands. Hamburger Geographische studien, Heft 44:4772.

Bruckner, H. (1989) Late Quaternary shorelines in India. In: Late Quaternary Sea Level Correlation
and Application. Scott, D.B. et al., (eds.). Kluwer Academic Publisher, Dordrecht, pp.169-194.

Chakrabarti, P. (1992) Geomorphology and Quaternary Geology of Hoogly Estuary, West Bengal
plain. India. Unpublished Ph.D Thesis, University of Calcutta.

Chatterjee, S.P. (1962) Fluctuation of sea level around the coasts of India during the Quaternary
period. Z.Geomorph. n.F., Suppl., 3:48-56, Berlin-Stuttgart.

Chauhan, O.S. and Almeida, F. (1993) Influences of Holocene sea level, regional tectonics and
fluvial, gravity and slope currents induced sedimentation on the regional geomorphology of the
continental slope off northwestern India. Mar.Geol. 112:313- 238



Das, H.A., Ghosh, H.K., Roy S. and Chandra, S. (1996) Environmental variations in late Quaternary
sequence, Kolaghat, West Bengal, Curr. Sci. 10(12):1089-1093.

Fairbanks, R.G. (1989) Glacio-eustatic sea level record 0-17,000 years before present: Influence of
glacial meting rates in younger Dryas event and deep ocean circulation. Nature.342:637-642.

Farooqui, A. and Vaz, G.G. (2000) Holocene sea-level and climatic fluctuations: Pulicat Lagoon - A
case study. Curr.Sci. 79(10):1484-1488.

Gardner, A.M.R. (1981) Reddening of dune sands — evidence from southeast India. Earth Surf. Proc.
Land. 6:459-488.

Gupta, S.K. (1977) Quaternary sea level changes on the Saurashtra coast. Ecology and Archaeology
of western India. Concept Publishers, pp.181-193, Delhi.

Gupta, H.P. (1981) Paleo environment during Holocene time in Bengal Basin, India as reflected by
paleo-stratigraphy. Paleobotony. 27(2):138-160.

Guzder, S. (1980) Quaternary environment and stone age cultures of the Konkan, Coastal
Maharashtra, India. 101p. Pune.

Hashimi, N.H., Nigam, R., Nair, R.R. and Rajagopalan, G. (1995) Holocene sea level fluctuations on
western Indian continental margin: An update. J.Geol.Soc. India.46:57-162.

Hameed, A., Achyuthan, H. and Sekhar, B. (2006) Radiocarbon dates and Holocene sea-level change
along the Cuddalore and Odinur coast, Tamil Nadu. Curr. Sci. 91(3):362-367.http://monrepos-
rgzm.de/research-103/amenities.html

Kale, V.S. and Rajaguru, S.N. (1985) Neocene and Quaternary transgressional and regressional
history of the West Coast of India. An overview. Bull.Decc.Coll.Res. Inst. Pune. 44:153-165.

Katupotha, J. and Fujiwara, K. (1988) Holocene sea level change on the southwest and south coasts
of Sri Lanka. Palaeogeogr.Palaeocl.Palaeoeco. 68(2-4):189-203.

Katupotha, J. (1988) Evidences of high sea level during the mid-Holocene on the south west coast of
Sri Lanka. Boreas. 17:210-214.

Lambeck, K., Tezer, E.M. and Potter, E.K. (2002) Links between climate and sea levels for the past
three million years, Nature. 419:199-206.

Loveson, V.J. and Rajamanickam, G.V. (1988a) Evidences for the phenomena of emergence
along southern Tamil Nadu coast through Remote Sensing techniques. J.Tamil Civilization.
5(4):80-90.

Loveson, V.J. and Rajamanickam, G.V. (1988b) Progradation as evidenced around a submerged
ancient port, Periapatnam, Tamil Nadu, India. Ind.J.Landscape Systems and EKkistics. 12:94-96.

Loveson, V.J., Chandrasekar, N. and Rajamanickam, G.V. (1990) Environmental impact of the
micro-delta and swamp along the coast of Palk Bay, Tamil Nadu. In: Sea Level Variation and Its
Impact on Coastal Environment. G.V.Rajamanickam (ed.). Tamil University Press, Thanjavur,
pp.159-178.


http://monrepos-rgzm.de/research-103/amenities.html
http://monrepos-rgzm.de/research-103/amenities.html

Loveson, V.J., and Rajamanickam, G.V. (2000) Evidence of Quaternary sea level changes and
shoreline displacement on the southeastern Coromandal coast of India. Proc. Int. Sem.Quaternary
sea level variation, Thanjavur. pp.159-178.

Mathur, U.B., Pandey, D.K. and Bahadur, T. (2004) Falling late Holocene sea level along the Indian
coast. Curr.Sci. 87(4):439-440.

Merh, S.S. (1987) Quaternary sea level changes. The present status vis-a-vis records along coasts of
India. Ind.J.Earth Sci. 14(3-4):235-251.

Merh, S.S. (1992) Quaternary sea level changes along Indian coast. Indian National Science
Academy. 58:461-472.

Mittre, V. and Gupta, H.P. (1972) Pollen analytical studies of Quaternary deposits in Bengal Basin.
Paleobotanist, 19(3):293-306.

Mohana Rao, K. and Rao, T.C.S. (1994) Holocene sea levels of Vishakhapatnam shelf, East Coast of
India. J.Geol.Soc. India. 44:685-689.

Morner, N.A. (1996) Global change and interaction of earth rotation, oceanic circulation and
paleoclimate. An.Acad,bras.Cl. 68:77-94.

Nair, R.R. (1974) Holocene sea levels of the western continental shelf of India. J.Geol.Soc. India.
15:197-203.

Nigam, R. (1996) Potentiality of foraminifera in deciphering paleo-sea levels. In: India's exclusive
economic zone, edited by SZ Qasim and GS Roonwal, Omega Scientific publishers, New Delhi,
India. pp.225-232.

Nigam, R. and Hashimi. N.H. (2002) Has sea level fluctuations modulated human settlements in
Gulf of Khambhat (Cambay)? J.Geol.Soc. India. 59:583-584.

Panchang, R., Nigam R., Ravi Prasad, G.V., Rajagopalan, G., Ray, D.K. and Koyihla,U. (2008)
Relict faunal testimony for sea-level fluctuations off Myanmar (Burma). J.Palae.Soc.India,
53(2):185-195.

Pirazzoli, P.A. (1991) World Atlas of sea level changes. Elsevier, Amsterdam. 300p.

Prudhvi Raju, KN, Khan, AR & Ramesh, Y (1993) Sea levels along Visakhapatnam Coast: A
Geomorphic Explanation. Jour. Geol. Soc, India. 42(4): 337-347.

Prudhvi Raju and Vaidyanadhan, R. (1981) Geomorphology and evolution of Sarada river basin,
Visakhapatnam district, Andhra Pradesh. Annals, Nat. Assoc. of geog. 1:1-17.

Rachna R., Maurya, D.M. and Chamyal, L.S. (1998) Late Quaternary sea level changes in western
India: Evidence from Lower Mabhi valley. Curr.Sci. 74:910-914.

Rajaguru, S.N. and Guzder, S.J. (1973) A review of research on Quaternary sea-level changes and
archaeological sites in India. Bull.Decc.Coll.Res.Inst. pp.193-207.

Rajagopalan, G., Mittre, V. and Sekar B. (1978) Birbal Sahni Institute Radiocarbon measurement I.
Radiocarbon. 20 (3):398-404.



Rajamanickam, G.V. and Loveson, V.J. (1988) Present status of ancient ports along Tamil Nadu
coast, India. J.Tamilkalai. 6(1):187-199.

Rajamanickam, G.V. and Loveson, V.J. (1990) Results of radiocarbon dating from beach terraces
around Rameswaram island, Tamil Nadu. In: Sea level variation and its impact on coastal
environment. Rajamanickam, G.V.(ed.), Tamil University Press, Thanjavur, pp.389-395.

Rajendran, C.P., Rajagopalan, G. and Narayanasami. (1989) Quaternary Geology of Kerala -
Evidences from Radiocarbon Date. J.Geol.Soc. India. 33:218-222.

Rajendran, C.P., Kusala, R., Machado, T., Satyamurthy, T., Aravazhi, P. and Jaiswal, M. (2006)
Evidences of ancient sea surges at the Mamallapuram coast of India and implications for previous
Indian Ocean tsunami events. Curr.Sci. 91(9-10):1242-1247.

Ramasamy, S.M., Saravanavel, J. and Selvakumar, R. (2006) Late Holocene geomorphic evolution
of Cauvery Delta, Tamil Nadu. J. Geol. Soc. India. 67:649-657.

Rana, S.S., Nigam, R. and Panchang, R. (2007) Relict benthic foraminifera in surface sediments off
central East Coast of India as indicators of sea level changes. Ind.J.Mar.Sci. 36(4):355-360.

Rao, P.S., Rao, G.K,, Rao, N.V.N. and Swamy, A.S.R. (1990) Sedimentation and sea level variations
in Nizamapatnam Bay, East Coast of India. Ind.J.Mar.Sci. 19:261-264.

Rao, V.P., Veerayya, M., Thamban, M. and Wagle, B.G. (1996) Evidences of Late Quaternary neo-
tectonic activity and sea level changes along the western continental margin of India. Curr.Sci.
71:213-2109.

Sambasiva Rao, M., Nageswara Rao, K. and Vaidyanadhan, R. (1978) Morphology and evolution of
Mahanadi and Bramani-Baitarni deltas. Proc. Symp. Morph. Evol. Landform, Delhi University,
pp.411-419.

Sarma, I.K. (1991) From Peddagavi to Poompuhar (Cultural Contacts and Explorations of Sea
Routes). In: New Trends in Indian Art and Archaeology. Nayak, B.U., (ed.). Aditya Prakashan
Publishers, New Delhi.

Shahidul, M. (1995) Mid Holocene environmental and vegetational changes in the coastal region of
Bangladesh. 17th BGRG Post Graduate Sym. S.G.McLedland, Andrew R. Shellern and Philp R.
Porter (eds). pp.14-20.

Sen, P.K. and Banerjee. (1988) Paleoenvironment of Bengal Basin during Holocene period in
chronological sequence. Geogr. Rev. India. 50(4):25-38.

Sen,P.K. and Banerjee,M. (1990) Palyno-plankton stratigraphy and environmental changes during
the Holocene in the Bengal Basin, India. Review of Paleobotony and Palnology. 65:25-35.

Sen,P.K. and Banerjee,M. (2016) Holocene bio-stratigraphic zones corresponding litho-
chronostartigraphy, environment of deposition and successive changes in the geomorphology of
Bengal Basin, India during last 10,000 years. Int.J.Geosci. 7:615- 629.

Somayajulu, B.L.K, Broecker, W.S. and Goddard, J. (1985) Dating Indian corals by U-Decay series
methods. Quat. Res. 24:235-239.



Somayajulu, B.L.K. (2002) Present and past (late Quaternary) sea level - Available information from
Indian coastal regions: In: late Quaternary geology of India and sea level changes. Geol.Soc.India.
Mem. 49:1-16.

Srinivasa Rao, P., Krishna Rao, G., Durga Prasada Rao, N.V.N. and Swamy, A.S.R. (1990)
Sedimentation and sea level variations in Nizampatnam Bay, East Coast of India. Ind. Jour. Mar.
Sci. 19: 261-264.

Subba Rao, M. (1964) Some aspects of continental shelf sediments of the east coast of India.
Mar.Geol. 1:59-87.

Tissot, C. (1987) Recent evolution of Mangroves vegetation in the Cauvery delta: A palynological
study. J.Mar.Biol.Asso. India, 29(12):1622.

Tooley, M.J. (1978) Interpretation of Holocene sea level changes. Geol. For. Stoc. Forh. 100:203-
212.

Tooley, M.J. (1985) Sea levels. Prog. Physical Geog., 9(1):113-120.

Vaidyanadhan, R. and Ghosh, R.N. (1993) Quaternary of the East Coast of India. Curr.Sci. 64:161-
176.

Vaidyanadhan, R. (1971) Evolution of the drainage Cauvery in south India. J.Geol.Soc. India. 12:14-
23.

Vaidyanadhan, R. and Prudhvi Raju. (2000) Geomorphology and Remote Sensing. In: Significant
contributions to geosciences research in India during the Nineties. Srinivasan M.S. (ed.). A Status
Report, INSA, New Delhi, 158:9-18.

Van de Plassche, O. (ed.) (1986) Sea level research: A manual for the collection and evaluation of
data. Geo Books, Norwich. 220p.

Vaz, G.G. (1996) Relict coral reef and evidence of pre-Holocene sea level strand off Mahabalipuram,
Bay of Bengal. Curr.Sci. 71(3):240-241.

Vaz, G.G. and Banerjee, P.K. (1997) Middle and late Holocene sea level changes in and around
Pulicat Lagoon, Bay of Bengal, India. Mar. Geol. 138:261-271.

Vaz, G.G. (2000) Age of relict coral reef from the continental shelf off Karaikal, bay of Bengal:
Evidences of Last Glacial Maximum. Curr.Sci. 79:228-230.

Vaz, G.G., Hariprasad, M. and Rao, B.R. (2008) Evidences and radiocarbon (14C) ages of paleo—
high sea level position around Mandapam, southeast coast of India. Curr.Sci, 94(6):786-790.

Wagle, B.G., Vora, K.H., Karisiddaiah, S.M., Veerayya, M. and Almeida, F. (1994) Holocene
submarine terraces on the western continental shelf of India: Implications for sea level changes.
Mar.Geol. 117:207-225.

Wagle, B.G. and Veerayya, M. (1996) Submerged sand ridges on the western continental shelf off
Mumbai, India: Evidences for late Pleistocene-Holocene sea level changes. Mar.Geol. 136:79-95.



Zazo, C., Dabrio, C.J., Borja,J., Goy,J.L., Lezine, A.M., Lario, J., Polo,M.D., Hoyos, M., Boersma,
J.R., (1999) Pleistocene and Holocene aeolian facies along the Huelva coast (southern Spain):
climatic and neotectonic implications. Geologie en Mijnbouw 77: 209-224.

Table 1. Available data on Carbon dates along the East Coast of India

Sl.n . . Calendr
0 Locality Material Elevatio | 14C-age ic Age Lab No. | Reference
n (B.P)
calAD S
Illankalanvadi 2980+17 IAR 75-76
1. (Kanyakumari) Shell +6.0 | 4320£100 | “ 'z | PRL115 0.83
Korkai
. 048 + IAR 69-70
2. V.O.Cr::;jrambara Wood -3.17 2755 +95 103 BC KRK 1 P 68
Paniya Tivu 986 + 94 IAR 75-76
3.| V.O.Chidabarana Shell +3.0 1050480 - PRL 119
r AD P.38
Pandiya Tivu
’ 187 + IAR 75-76
4, V.O.Chl;iabarana Coral +0.5 2130+100 134 BC PRL 120 P a3
Dubash Chetti
. 4294 + IAR 75-76
5. V.O.Chl:iabarana Shell +6.0 5470+110 133 BC PRL 124 P84
Dubash Chetti
) 4569 + IAR 75-76
6. V.O.Chlflabarana Shell +3.0 5710+110 118 BC PRL 125 P84
Kamarajapuram 1013 + IAR 75-76
7. Ramanathapuram Shell 6.0 2790+150 179 BC PRL 126 P84
Surangadu
. 1515 + IAR 75-76
8. V.O.Chl:iabarana Shell +3.0 430 +150 134 AD PRL 127 P84
Korkai
8 2269 + IAR 75-76
9. V.O.Chlflabarana Shell +6.5 3820+110 161 BC PRL 128 P84
Mandapam Shell above +1.0 906 + 62 Kl- Bruckner,
16 (@ km west) HTL 2740£60 | “pc " | 9333001 | 1989
Mandapam Coral above | +0.50 2047 £ Kl- Bruckner,
1 (east) HTL 366065 | g7 BC | 2330.001 | 1989
. HD
4 Manappad point | Shell above | +0.20 5197 + Bruckner,
12 6240450 10981-
(north) MSL 87 BC 10722 1989
Kadiapatnam- , HD
13 30km WNW of ng’g\',:/"l\"/logf 80 | 7130465 5923 * | 10970- Brgggger’
Kanyakumari 10732
Stoddart
4020 2559 + o
14 Pamban Coral +0.47 +160 936 BC Gak 3187 | and Pillai

1977




Ramakrishnapura 1808 + Loveson
15 m Coral +0.20 140+45 103 AD 26/196/c2 1994
North of 774 £ 94 Loveson
16 Mandapam Coral +0.62 2630165 BC 27/238/c3 1994
i North of 2059 + Loveson
1 Mandapam Coral +0.42 3670165 88 BC 28/239/c4 1994
18 Pamban Coral | +0.48 | 39204160 | 2915% | 31/260/c6 | -OvESOn
' - 233 BC 1994
; 4288 + Loveson
d
19  Ariyan Kundu Coral +0.55 544060 53 BC 30/248/ch 1994
125.6 P.K.Banrj
2( Islsr?é“ﬁz‘;‘t’ﬁrsa& | Acropora | 4110 | (85 519212; PKB8a | ee2000
7.9) (Table2)
Rameswaram . 104 (= 1799 + P.K.Banrj
21 Island terrace Pyrites +2.90 10/-10) 89 AD RS ee 2000
(Table2)
92.0 P.K.Banrj
2] Ef;?\gsl’grarr:éz Porites | +2.90 | (6.5/- 320:5 R6 ee 2000
6.5) (Table2)
P.K.Banrj
27 Rameswaram Porites +2.40 112 (£8/- | 1799+ | Vadakadu ee 2000
Island terrace 5) 83 AD 4
(Table2)
P.K.Banrj
Rameswaram . 116 1801 +
2 Island terrace Porites +2.90 (x10/-10) | 85AD R3 ee 2000
(Table2)
P.K.Banrj
Rameswaram . 104 1799 +
[
2 Island terrace Porites +2.90 (x10/-10) | 89 AD R7 ee 2000
(Table2)
. P.K.Banrj
og Near t’)\ézgr'f“'am Porites | +2.40 1085()1“2’ ] éggASS 01/97 | ee 2000
(Table2)
Villundi ]
P.K.Banrj
gy Theertham, Porites | +1.40 | 0210 | 5182% 1 nqii99 | ee 2000
Rameswaram +120 143 BC
(Table3)
Island
Villundi
Theertham, P.K.Banrj
28 Rameswaram Porites +1.40 i;gg fgg OBJé BS1223 ee 2000
Island; 400 m - (Table3)
west
4146 + P.K.Banrj
29 North of Pamban Porites +1.40 |5310+120 ~ BS 1121 ee 2000
131 BC
(Table3)
Pisasu Munai, 5391 + P.K.Banrj
30 Rameswaram Porites +1.00 | 6450+160 ~ BS 1310 ee 2000
151 BC
Island (Table3)
1 km NE of 4222 + P.K.Banrj
31 CMPFRI farm at Porites +1.20 | 5410+110 195 BE BS 997 ee 2000

Munaikkadu

(Table3)




Kaikallur, P.K.Banrj
g5 Kulleru lake Shell 390 |5670£120 | “234% | BS 1974 | ee 2000
(Godavari inter- | Anadara sp. 131 BC
. . (Table3)
deltaic plain)
Kakinad .
. P.K.Banrj
33 _lighthouse Shell Arca | 390 | 51404520 | 3897% | BS1347 | ee 2000
(Godavari inter- sp. 609 BC
. . (Table3)
deltaic plain)
Narikulam, P.K.Banrj
34 Rameswaram | STeHATCR | 500 | 4350+140 | 3031E | Bs1440 | ee 2000
+ Cardita 227 BC
Island (Table3)
600 m west of P.K.Banrj
35 Villundi E?rr;enltlea +2.40 | 4860+100 ffj%ié BS 1410 ee 2000
Theertham (Table3)
P.K.Banrj
aq 600 m westof Shell +240 | 4400+100 | 3M2% | BS1209 | ee 2000
Kovakulam Scapharca 161 BC
(Table3)
Insitu
1 km NE of colony P.K.Banrj
31 CMFRIfamat | above 05m | +170 | 4162:115 | 2/ 00% | BS 122 | ee 2000
Munaikkadu thick shell (Table3)
sandstone
Pamban coast - .
. Shells P.K.Banrj
g Unconsolidated | ioter | 4200 | 3800+130 | 22%6% | B 1276 | ee 2000
dune base, over . 184 BC
sized) (Table3)
shelly sst
Embedded
600 m west of shells with 9991 + P.K.Banrj
3¢9 Vilundi disarticulate | +2.40 | 3840+130 179 BE BS 1441 ee 2000
Theertham d fragments (Table3)
of Cardium
N P.K.Banrj
750 m SSE of Disarticulat 1234 + BS 1212
40 Karikovil edshells | 1090 | 750120 11990 | Bs1408 | ©€2000
(Table3)
Loose and P.K.Banrj
4y TOMSSEON | gicarticulate | +290 | 100816 | (9% ee 2000
d shells (Table3)
Achyutha
4 Organic 108560 | 939 + 56 n and
42 Mamallapuram matter +0.30 BP AD AA-30022 Baker
(2002)
Achyutha
. Organic 1620+110 | 410+ nand
43 Mamallapuram matter +0.50 BP 195 AD AA-30024 Baker
(2002)
Achyutha
Organic 190045 | 111 +£55 n and
44 Mamallapuram matter +0.90 BP AD AA-30027 Baker
(2002)
45 Mamallapuram Charcoal -1.0 955+30 1082 + | MB/AR/U | Rajendran




47 AD. L etal.,
1019- 2006
1161 AD
364 £ 35 Rajendran
46 Mamallapuram Charcoal -1.0 1674+30 AD. MBIAR/B etal.,
321-427 L 2006
AD
478 £ 44 Rajendran
47 Mamallapuram Charcoal -1.0 1581+35 AD. MB/T1/B etal.,
405-564 L 2006
AD
Farooqui
48 Sulurpet (Pit 1) Segi‘i;‘tent +4.98 665g§110 5851835-“ — | Aand Vaz
GG (2000)
Kasdreddinilem Peat 4608+122 | 3326 + Farooqu
4 pitA) sediment | 1O BP | 1g9BC |  |AdandVaz
GG (2000)
Sandy clay Farooqui
Cheruvukandriga | with reddish 19724277 | 6+ 326 g
5 (Pit B) brown 13 BP BC = |AandVaz
| GG (2000)
ayers
. . Farooqui
5] Attakang;ppa (Pit Pellicipods -0.90 22%); 80 30?32:: 87 A and Vaz
GG (2000)
Farooqui
52  Sriharikotta Shell -2.0 3103596 11351?3?; A and Vaz
GG (2000)
900 +
4 Marakkanam 136 AD. Hameed et
53 Shell -0.40 | 1115+132 612- BS-1605 al (2006)
1082 AD
458 +
Marakkanam 133 AD. Hameed et
54 Shell -0.86 | 1563+132 136-680 BS-1608 al (2006)
BC
7151 +
Marakkanam 297 BC. Hameed et
[= - -
55§ Shell 1.50 | 8200+230 9230- BS-2270 al (2006)
8460 BC
963 +
: . 161 BC. Hameed et
5  Odinur (TN) Sediment -1.90 | 2750£140 2920- BS-2398 al (2006)
2710 BC
4404 +
] . . 482 BC. Hameed et
5 Odinur (TN) Sediment -2.10 | 5540+430 6640- BS-2272 al (2006)
5660 BC
Tidal Clay 1415 + Achyutha
5§  Muthukadu Organic -0.50 314555 | 65BC. | AA-18459 | n, Hema
matter 1520- (1997)




1260 BC
Tidal clay %goéci Achyutha
59 Muthukadu Organic -0.70 3475155 1920_' AA-18458 | n, Hema
matter 1620 BC (1997)
giléci Achyutha
6( Muthukadu Oyster Shell -1.85 500070 4358-. AA-8374 n, Hema
3991 BC (1997)
5909 + Barui et al
61 Calcutta Peat -1.26 7030+150 137 BC 1986
A 5801 + Das et al.,
64 Kolaghat Peat -0.69 6900+70 69 1996
,_ . 3815 + Shahidul
63 Panighata Peat -0.57 5000 89 1995
Mittre and
) 726 + .
64 Sankril Peat -0.275 | 2615+100 Banerjee
147 BC
1990
. 1445 + Gupta
[= - —
64 Namkhana Silty lay 1.75 3170+70 79 BC 1981
. 1111 + Chakrabar
66  Gangasagar Silty Clay -1.7 2900 118 BC ti 1992
Btn . .
J Shells in 5197 + Tuti-5A Bruckner
6 Kulas_ekaraatnam ridge +7.0 6240+50 87 BC HD-1061 1989
to Tiruchendur
Cardium sp. Man-
6§ Mandzﬁ\g? 4 km lagoonal +1.0 2740+60 90?32 62 M(K1- Brfggg e
loam 2338-001)
Wood-
69 Kaveripatham Arche -1.0 2316+103 427
7 ' 177 BC
sample
. Mangroves 16 + 63 Tissot
70  Pichavaram root tip 0.0 2000 BC 1987
Marakkanam . 10360- BS-2275 | Hameed et
71 Sediment -1.52 9170+290 8460 BC al (2006)
74 Rameswaram Coral +0.80 12010412 | 12074 + | 20/164/b7 | Loveson,
4 north ' 0 264 BC 1994
] ] P.K.Banrj
74 O'a"i‘éfraa manine | porites | +1.90 1317(§)i20 %1%33 S| Bs ee 2000
1120 (Table4)
Vishagapatnam Carbonate 12539+17 | 12889 + — Mohana
& shelf rock sample -100.00 0 397 BC Rao and
P Rao 1994
Vishagapatnam Carbonate 10790+17 | 10787 + E— Mohana
75 -85.00 Rao and
shelf rock sample 0 191 BC Ra0 1994




Table 2. Details of the high and low stands during various Holocene cycles

Sub- Years BP Cycle High stand (a) Low stand (b) Cycle_
stage From | To (T+R)* | Year | Elevation | Year | Elevation | Fluctuation
Duration | BP (m) BP (m) (m) (a-b)
5a 7200 | 5100 2100 6050 +4.0 5100 +2.5 1.5
5b 5100 | 4350 750 4900 +3.0 4350 +2.0 1.0
5c 4350 | 3100 1250 4100 +3.0 3100 -2.0 5.0
5d 3100 | 1100 2000 1900 +1.0 1100 +0.5 0.5
5e 1100 0 1100 500 +1.5 0 0 1.5
*(T = Transgression; R= Regression)
Table 3. Details of the transgressions and regression phases
Sub- Years BP Duratio
Phases | Stage C&de = T n Stands Remarks
rom 0 (Years) (m)
5a T1 7200 | 6050 1150 +4.0 Out of total
5b T2 5100 | 4900 200 +3.0 Holocene years of
Transgress | 5c T3 4350 | 4100 250 +3.0 7200, Transgression
ion 5d T4 | 3100 | 1900 | 1200 +1.0 | phase occupied 3420
TS5 | 1100 | 500 600 years, i.e., 48% o
S0 *15 total years.
5a R1 6050 | 5100 950 +2.5 Regression phase
Regressio 5b R2 4900 | 4350 550 +2.0 spread over 3800
n 5¢c R3 4100 | 3100 1000 -2.0 years of the total,
5d R4 1900 | 1100 800 +0.5 i.e., 52% of
5e R5 500 0 500 0 Holocene

*(T = Transgression; R= Regression)
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Figure 1. Late Pleistocene and Holocene Sea level curve of East Coast of India
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Figure 2. Major and minor stages in sea level fluctuations along East Coast of India
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