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The presentation emphasizes the following topics 
 
• Sea level changes 
• Sea level indicators 
• Global sea level changes 
• Sea level changes in Sri Lanka 

SEA LEVEL CHAMGES – GLOBAL AND SRI LANKA: 

AN OVERVIEW 



In 1980s, to study the global sea levels, the two books were 
very important. 
 
Sea-level research: a manual for the collection and evaluation 
of data 
 

EDITED BY 

Orson van de Plassche 
 

Free University, Amsterdam         
a contribution to Projects 61 and 200 
 

Sea-level changes.  
EDITED BY  

MICHAEL J. TOOLEY and IAN SHENNAN  
 
Publisher Basil Blackwell (IBG Special Publication Series 20) 1987 
 
By 2016, large numbers of books, articles were published and Conferences, Seminars, 
Forums,  Groups etc. were held in National and International levels in relation to the palaeo 
sea level changes. 



Glaciation 
For a number of reasons, the volume of glacial ice near the poles 
waxes and wanes over time. 
 
As a result, water is alternately taken from or added to the 
world oceans. This can result in sea-level oscillations of up to 
200 meters.  
 
For example, modern continental glaciers are 1.5 to 2.5 km3 
thick and have a total estimated volume of 33 million km3.  
 
If we assume the maximum volume of Pleistocene glaciers to 
have been 71.3 million km3, then the difference is 38 million 
km3. 
 
  



Using the assumption that glacial water volume is 91.7% of 
the volume of sea water from which it is derived, a sea-level 
drop of 106 m can be accounted for by Pleistocene 
glaciations. 
 
Melting of the present Greenland and Antarctic glaciers 
would produce a sea-level rise of approximately 60 meters.  
 
Since 18,000 years ago, sea level has been rising in response 
to the melting of glacial ice, mainly from the Laurentian and 
the Scandinavian ice sheets of northern Canada. 
 



Rapid changes in the oxygen isotopic composition of skeletal 
foraminifera and corals (melt water has a low O18/O16 ratio) 
indicate that this rise was not uniform; two major and several 
minor pulses of melt water were added to the ocean. 
 
Based on gaps in the branching-coral (Acropora palmata) 
record offshore of Barbados, Fairbanks (1989) proposed 
major melt water rhythms at about 14,000 and 11,000 yr BP.  
 
Whatever the actual age or number of melt water rhythms, 
the main point is that sudden changes in glacial volume have 
resulted in significant and rapid transients in sea level.  



In addition to sea-level changes caused by the transfer of 
seawater to and from glaciers, sea water volume can 
change due to thermal expansion and contraction -- for 
every 1o C decrease in the mean temperature, world-wide 
sea level will drop by 2 m. 
 
Fauna from Pleistocene ocean sediments suggest a 5 
degree lower surface temperature at that time, which 
would have resulted in a 10-meter lower sea level due 
only to thermal contraction (reduction). 



This graph shows the rise in global sea level (in millimeters) measured by 
the NASA/CNES ocean altimeter mission TOPEX/Poseidon (on the left) and its follow-on 
mission Jason-1. Image credit: University of Colorado 

https://en.wikipedia.org/wiki/NASA
https://en.wikipedia.org/wiki/CNES
https://en.wikipedia.org/wiki/TOPEX/Poseidon
https://en.wikipedia.org/wiki/Jason-1
https://en.wikipedia.org/wiki/Jason-1
https://en.wikipedia.org/wiki/Jason-1














(a) spatial trend patterns in 
sea level from satellite 
altimetry data over 
1993–2010.  

 
(a) (b) Spatial trend patterns 

in sea level from satellite 
altimetry data over 
1993–2010 but with the 
global mean trend of 3.2 
mm/yr removed. 



(c) Spatial trend patterns in thermosteric sea level over 1992–2010. (data from 
Levitus et al., 2009) (global mean trend removed). 



Fig. 9. (a) Spatial trend 
patterns in sea level over 
1950–2009 from Meyssignac 
et al. (in press-a) 
reconstruction. 
 
(b) Spatial trend patterns in 
reconstructed sea level over 
1950–2009 but with the global 
mean trend of 1.8 mm/yr 
removed 



SEA-LEVEL INDICATORS – in order to study sea level 

changes 

 

1. Elevation and age relationships: raised marine deposits 

and landforms in glaciated areas. Examples based on 

Canadian Arctic data - J.T. Andrews 

2. Sea-level markers in coastal barrier sands: examples 

from the North Sea coast - B. Roep 

3. Marine molluscs as indicators of former sea-level stands 

- K.S. Petersen 

4. Beachrock as a sea-level indicator - D. Hopley 

5. Ooids as sea-level indicators - L.R. Kump and A.C. Hine 

6. Corals and reefs as indicators of paleo-sea levels, with 

special reference to the Great Barrier Reef - D. Hopley 



8. Coralline algae as indicators of sea-level - W.II. 
Adey 

9. Vermetid gastropods as sea-level indicators - J. 
Laborel  

10. The diagenetic products of marine carbonates as 
sea-level indicators - J. Coudray and L. 
Montaggioni         

11. Marine notches - P.A. Pirazzoli  
12. Submerged forests as sea-level indicators - A. 

Hoyworth 
13. Analysis of botanical macro-remains - K.-E. Behre 
14. Foraminifera as sea-level indicators - D.B. Scott 

and F.S. Medioli 



15. Diatoms as indicators of sea-level change - A.J.M. 

Palmer and W.H. Abbott 

16. Ostracode options in sea-level studies - D. van 

Harten 

17. Shell middens as a source for additional information 

in Holocene shoreline and sea-level reconstruction: 

examples from the coast of Brazil - L. Martin, K. 

Suguio and J.-M. Flexor 

AGE 

1. Radiocarbon dating - W.G. Mook and 0. van de 

Plassche 

2. Dendrochronological dating - A. Heyworth 

ALTITUDE 

1. Determination of altitude - W.G. Jardine 



Exposed rock surfaces (granitic tors) at Badungala, 69 km  on the Colombo – 
Galle Road, West Coast of Sri Lanka depict the palaeo climate changes. 



A beach rock reef patch at Chilaw (Northwestern coast) formed due to 
the sea level changes during the Holocene Epoch. 





[RADIOCARBON, Vol. 30, No. 3, 1988, P 341-346] 
HIROSHIMA UNIVERSITY RADIOCARBON DATES II 

WEST AND SOUTH COASTS OF SRI LANKA 
 

JINADASA KATUPOTHA* 
 

Department of Geography, Hiroshima University, 
1-1-89, Higashi Senda Machi, Naka-ku, 

Hiroshima 730, Japan 
 
INTRODUCTION 
Geologic samples for 14C age measurements were collected from the west, 
southwest and south coasts of Sri Lanka during October and November 1986. 
Sample points were leveled based on the Colombo datum level. Results 
presented below were obtained by liquid scintillation counting of methanol for 
coral and shell samples. Ages were measured from December 1986 to May 1987, 
at the Department of Geography, Hiroshima University, Radiocarbon Dating 
Laboratory, using the laboratory procedure described 
by Fujiwara and Nakata (1984). 
 



Sample preparation techniques were similar to those mentioned in the first 
list (Katupotha, 1988). The results are expressed in  radiocarbon years 
relative to AD 1950 based on the Libby half-life of 5568 ± 30 years, using 
the new oxalic acid standard (SRM 49000) as `modern' (Stuiver, 1983). 
 
The tidal range on Sri Lanka coasts is small, ranging from the mean low 
water spring (MLWS) at -37cm to mean high water spring (MHWS) at 
+40cm from the mean sea level (MSL) (data based on the standard point of 
Colombo, datum level 38cm below MSL. Tide tables, vol 2, Pacific and 
Indian Oceans, 1982). 
 
However, high waves (height 5m or more) are seen along the southwest 
and south coasts and are related to the strong southwest monsoon season 
from May to September. The present living corals thrive from MLWS to 8m 
and 4m in depth in fringing reef and lagoon reef areas at Hikkaduwa, 
respectively (Mergner & Scheer,1974). 



HR-264. Hatagala (Hungama) 4440 ± 60 
Shell (Veneridae) from exposed deposits, Hambantota dist (6° 06' 35“ N, 80° 
56' 50" E), elev 80cm above msl. Comment: shells gathered in lagoon floors 
and were deposited in situ following coastal progradation since Late 
Subboreal. Sample subm by N P Wijayananda. 
 
HR-265. Kalametiya 3570 ± 60 
Shell (Veneridae) from exposed shell deposit, Hambantota dist (6° 05‘ 08" N, 
80° 56' 45" E) elev 1.1 Om above msl. Comment: shell was composed mainly 
of coarse sand and calcareous clay. 
 
HR-266. Kalametiya 4460 ± 60 
Shell (Veneridae) from exposed shell deposit (6° 05' 15" N, 80° 57' 08“ E), 
elev 2.2m above msl. Comment: shells were embedded in black-to-blueblack 
mud and clay; it is assumed that HR-265 and -266 gathered (in situ?) in 
lagoon floors following coastal progradation since Late Subboreal. 



As for deposition pattern and composition of shell deposits in Hambantota 
dist, shells probably accumulated at rims of emerged coastal embayments or 
lagoon floors by three processes:  
 
1) bulk of valves piled up by wave action on rims of coastal embayments 

following coastal progradation since Late Holocene (Late Subboreal);  
2) shells gathered in lagoon floors of marine or brackish pools, and they 

were deposited (in situ?) since Late Subboreal;  
3) shells on coastal hills and dunes left by early inhabitants during daily 

activities. 
 
These and previous dates (Katupotha, 1988) indicate that sea level was at 
least 1.Om or higher than present msl, from mid-Holocene (Main Atlantic) to 
Late Holocene (Early Subatlantic), with minor oscillations. It is assumed that 
local palaeo-sea level was not lower than at present during above-mentioned 
period. 













On the south coast of Sri Lanka, an accurate relative 
MSL curve J, deduced from slightly emerged corals 
collected in growth position, was produced by 
Katupotha and Fujiwara (1988); it shows a sealevel 
stand between l and 2 m above present from 6000 to 
2000 yr BP . 
 
In conclusion, most coastal areas in the west Indian 
Ocean have not yet been systematically studied. The 
few sea-level curves available indicate that slight 
emergence predominated during the late Holocene 
along the coasts of Mozambique, on the southern 
shores of the Persian Gulf, west India and south Sri 
Lanka, whereas evidence of emergence is missing in 
oceanic islands (Rkunion, Maurice). In the east part of 
the Indian Ocean, on the other hand, slight Holocene 
emergence (at least 0.5 m since about 3000 yr BP) was 
reported from the COCOS (Keeling) Islands by 
Woodroffe et al. (1990). 























A segment of an emerged coaral (in situ) at Akurala  in the Galle District 













Origin and Evolution of Lagoons Due to Sea 

Level Changes 
 

At least five stages can be identified in relation to the 

lagoon origin and evolution: 

 
Stage 1:  From Late Pleistocene to Early Holocene. 
The climatic, sea-level and ecological changes between the Late 
Pleistocene and Early Holocene Epochs in Sri Lanka followed the 
dry climatic conditions. 
 
By the end of this stage, the sea level was -10m to -20m below 
the present level and there was no any signs relation to 
present lagoons in Sri Lanka.  



. From available  geological and geomorphological evidence, it is possible to 
trace the evolution of Jaffna Peninsula and associated lagoons as follows: 
 
A.  Drowning of Miocene rocky islands due to the Mid Holocene sea level rise, 
 
B.  Due to the lowering of sea level Late Holocene time Miocene islands were 

emerged, 
 

C.  Attachment of these islands to the mainland by sand spits, and  
 
D.  Present position of Jaffna Peninsula with Jaffna lagoon complex 



Growth stages in the coastal region between Chilaw Lagoon and 
Puttalam Lagoon. 



The sequence of formation of the Puttalam “lake” and 
Kalpitiya “lagoon”  



Chilaw Lagoon and Deduru Oya outfall 
:  
The present coastal configuration in  Chilaw area is a result of sand spit and sand 
bar growth, leading to  formation of a lagoon. This was subsequently filled up, 
and  Deduru Oya,  presently flows through old lagoon and lake beds. 

Mid Holocene Late Holocene Present 



At Negombo, it is possible to recognize the following stages: 

• Formation of wide beach plain with parallel ridges and runnels ? (as in) 
Puttalam;  

• Growth of barrier spit and barrier bar;  
• Formation of  Negombo lagoon;  
• Silting up of lagoon and reduction to its present size  



There is no lagoons related to Pleistocene 

Epoch 

 

Evidently, lagoons in Sri Lanka are related 

to Mid and Late Holocene sea level 
fluctuations. 















The period follows the Wisconsin glaciations (also known as the Baltic-
Scandinavian ice age or the Weichsel glacial). The Holocene can be 
subdivided into five time intervals, or chrono-zones, based on climatic 
fluctuations: 
 

Pre-boreal (10 ka – 9 ka), 
Boreal (9 ka – 8 ka), 
Atlantic (8 ka – 5 ka), 
Sub-boreal (5 ka – 2.5 ka) and 

 Sub- Atlantic (2.5 ka – present) 
 
All these chrono-zones are useful to correlate Sri Lankan events such as 
geology, climate, ecological and cultural developments with other 
countries. Furthermore, these chrono-zones have been compared with 
sub-divisions of the Holocene Epoch by the author (Katupotha 1988a and 
1988b) as given below: 
 Pre-boreal and Boreal   Early Holocene 
 Atlantic     Mid Holocene 
 Sub-boreal     Late Holocene 
 Sub-Atlantic     Late Holocene to recent 



Photo 1. Buried coral pit nearly 5m deep at Seenigama-Akurala.  

Photo taken in 1991. 



Photo 2.  Emerged coral reef  at Koggala. Upright corals 

indicate growth following the mid Holocene transgression. 



 

            

Photo 3. A thick layer of  marine shells and 
shell debris that has piled up due to strong 
wave action at Bata-atha.  

Photo 4. Thick layers of  marine shells and 
shell debris that have deposited on the 
Kalametiya lagoon floor. 







Sea level curves for the last 6000 years (Morner et al, 
2004; Mörner, 2007; Kench, et al 2009, Modified and 
redrawn by Katupotha 2015) 



Sea-level oscillations in Sri Lanka since Last Glacial 
Maximum (Katupotha 1995; Redrawn by Katupotha (2015) 
using new 7 RADIOCARBON ages (Table 1) 



Mid and Late Holocene high sea-level episodes in Sri Lanka, 
Katupotha 1988c, 1994 & 1995). The curve modified using 
new ages. 



Holocene sea level fluctuations indicate that some similarities can be identified 
from the curves depicted by Katupotha (1994 & 1995), Kench (2005 &2009) and 
Mörner et al (2004) and Mörner 2007); Redrawn  by Katupotha, 2015. 

 



All these events evidently related to the origin, formation and evolution of 
coral islands, reefs and coral patches as well as shell deposits in Sri Lanka.  
Based on that it is possible to identify five stages in relation to sea level 
changes in Sri Lanka:  
  
Stage 1: From Late Pleistocene to Early Holocene.  
Sea-level and ecological changes as well as cultural phases between the Late 
Pleistocene and Early Holocene Epochs in Sri Lanka have been followed the 
dry climatic conditions. 
 
By the end of this stage (phase), the sea level was -10m to -20m below the 
present level (Figure 4) and the submerged reefs, islands are related to this 
phase.  
 
The levels of this stage can be clearly  correlated with the Anderson's (1998) 
and Mörner et al, (2007) descriptions.  



(b) Stage 2: Mid Holocene Period (first episode of high sea-level; 

6,240-5,130 years BP).  

 

Radiocabon dates (C14) of emerged coral samples from the west, south 

and east coasts by Katupotha (1988a,  1988b), Katupotha and 

Wijayananda (1989) indicate that the mid-Holocene sea level was at least 

3-5 high that of the present level in Sri Lanka.  

 

This sea level variation during this period can be correlated with 

Maldives, India and other islands in the Indian Ocean (Katupotha, 1990).  

 

Although, the Maldives high sea levels were not exceed the Sri Lanka's 

high sea level, these happened during the same period (Mörner et al, 2004, 

2007; Kench et al, 2009). 



(c) Stage 3: First Phase of the Late Holocene (4,390 - 3,930 years BP, 
second episode of high sea-level).  
 

Between the Stage 2 and Stage 3, the sea-level around 4,700 years BP was 
slight above the present MSL.  
 
This episode of high sea level adapts with the contemporaneous Holocene 
high sea levels of Maldives. 

 
(d)  Stage 4: Second Phase of the Late-Holocene (3,280 - 2,270 years BP, 

third   episode of high sea-level).  
 

Between Stages 3 and 4, the sea-level around 3,600 years BP was also at or 
below the present MSL.  
 
It is suggested that the beach rock, slightly above supra-tidal level zone 
along the coast formed during this stage.  
 
This level also largely coincides with the mentioned sea level curves. 

 



(e) Stage 5: Development of Recent Beaches and Sand Spits, etc.  
 

Bryant (1987) explains that there has been a relationship between CO2 
warming, rising sea-level and retreat of coasts in both hemispheres since 
around AD 1850.  
 
Fairbridge’s (1961) studies also indicate the rise of sea-level and glacial 
retreat since 100 years BP. Many archaeological sites, monuments, Forts, 
monasteries and other physical features along the coast of Sri Lanka 
elegantly coincide with the Mörner's (2004, 2007) and Kenth et al (2005, 
2007) findings. 



Recent sea level changes 









Possible coastlines of Sri Lanka (i) 12,000 yr B.P; (ii) around 7,500 yr B.P. 
and (iii) between 6,250 and 5,130 yr B.P. By 2,100 the sea level will rise 
1.0m 1.2m or more from the present level. 
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