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ABSTRACT

Understanding the history of coastal systems is important for interpreting the paleo- 
environments of early human occupation sites, forecasting future environmental 
conditions and comprehending the impact of abrupt events such as the 2004 Indian 
Ocean tsunami. Hence, this study aims to reconstruct the Holocene paleo-environmental 
evolution of southwestern coast in Sri Lanka in order to understand the past 
environmental conditions and sea level variations. Four sediment cores were retrieved 
from two lagoons at Ratgama and Koggala in southwest of Sri Lanka for this research 
study. To infer the depositional environments and provenance of the sediments, textural 
properties of sediments including grain size distribution and particle shape, chemical 
composition, gamma ray intensity, loss on ignition and micro and macro fossil content 
were determined. Grain size, chemical composition and gamma ray intensity were 
analyzed at I cm interval while organic matter content was analyzed at 2 cm interval by 
loss on ignition. Based on proxy evidences, three stratigraphic units (I, II and III) can be 
recognized in both lagoons. Units III and I represent a closed lake system with less 
marine influence while Unit II represents a lagoon/bay with direct marine influence. 
This shows that southwestern low-lying coastal areas were submerged during Mid 
Holocene transgression followed by transformation of these flooded area in to lakes and 
lagoons due to barrier formation at sea level stabilization or at the end of the 
transgression phase. Approximate age of the transgression phase, calculated with a 
regional age-model, correlates with other local and regional records.

Keywords: Holocene. Paleo-environment, Stratigraphic unit. Southwestern coast, Sri 
Lanka

INTRODUCTION AND BACKGROUND

Studying paleo-coastal environmental changes is 
important to understand the susceptibility of 
coastal systems to regional and global climatic 
and sea level changes as well as to realize the 
impact of rapid abrupt events such as the 2004 
Indian Ocean tsunami (Ranasinghe et al., 2013). 
Coastal environments are usually characterized 
by geomorphologic features such as deltas, 
estuaries, lagoons, reefs etc. Climate and sea- 
level changes play important role in coastal 
evolution, and therefore, sedimentary records 
that have been preserved in the coastal back- 
barrier environments will provide useful insights

into past coastal environmental conditions, 
coastal evolution, and a more detailed imprint of 
paleo coastal events (Cabral, 2006; Caballero, 
2005; Ranasinghe et al., 2013). Hence, this 
study aims to reconstruct paleo-coastal evolution 
o f southwestern coast in Sri Lanka in order to 
understand the past environmental conditions 
and sea level variations by studying sedimentary 
records in coastal lagoons. Furthermore, to build 
a better understanding of the local effects of past 
sea-level changes and climatic changes along the 
coast, more data are required especially covering 
the areas where limited studies have been done. 
Therefore, this study on the paleo-coastal 
evolution of Ratgama and Koggala lagoons in
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each having about 8 g. were oven dried at 105 
°C  to remove moisture, and then dry weight was 
obtained. Subsequently, they were wet sieved 
using 63 pm sieve. Then, coarse fraction was 
oven dried at 105 "C to remove moisture and dry 
weight was obtained.

Geochemical variations o f sediment in the cores 
were determined by using handheld X-ray 
fluorescence analyzer (Bruker S I )  facility 
available at the Geological Survey and Mines 
Bureau (G SM B ). Both major (Fe. Ti. K, Ca, Mn,
Cl and S ) and trace elements (Sr. Zr and Zn) in 
785 sub sediment samples were determined in 
the four cores of R G I,  RG2, KG  I and KG2 
(Table I).

Gamma ray intensity is commonly used as a 

Table 1 Geochemical variation in Ratgama cores (RGI

1 cm interval for RG  cores and at 2 cm interval 
for KG  cores using gamma ray spectrometer.

In reconstructing coastal history related to sea 
levels, different proxies have been employed to 
identify different environments.

1) Cl and S are considered paleo-salinity 
indicators (Chague-Goff, 2010, Chen &  
Chen, 1997).

2) Terrestrial sedimentation with prevailing 
anoxia is indicated by dark gray color, silt- 
clay sediments, richness in the detrital 
elements Fe, Zn, and Ba and low levels of 
biogenic materials. In contrast, terrestrial 
sedimentation under oxidizing conditions is 
indicated by brownish silt-clay that is rich in 
detrital elements (Ranasinghe et al., 2013).

3) Sand that is rich in marine proxy elements 
and RG2) and Koggala cores (KG1 and KG2)

Lagoon Core Unit FeiO ;,

(% )
TiO?
(% )

K 20
(% )

CaO
(% )

MnO
(% )

Cl
(% )

S
(% )

Zn
(ppm)

Sr
(ppm)

Zr
(ppm)

Ratgama RG I II 3.24- 0.28- 0.08- 0.25- 0.02- 0.65- 0.35- 0.00- 0.00- 0.00-
18.70 2.95 0.62 16.60 0.36 3.78 4.62 0.01 0.50 0.62

III 1.03- 0.25- 0.13- 0.10- 0.00- 0.37- 0.18- 0*00- 0.00- 0.05-
18.00 2.42 0.33 6.36 0.51 1.38 8.07 0.01 0.01 0.59

RG2 1 0.46- 0.00- 0.01- 0.06- 0.00- 0.91- 0.00- 0.00- 0.00- 0.00-
11.50 0.99 0.66 3.32 0.10 8.88 1.82 0.10 0.04 0.27

II 4.09- 0.49- 0.17- 0.15- 0.04- 1.97- 0.59- 0.00- 0.01- 0.05-
9.86 0.99 0.62 4.23 0.09 6.85 1.91 0.01 0.39 0.26

Koggala K G I 1 3.30- 0.27- 0.20- 0.81- 0.02- 2.09- 0.40- 0.00- 0.02- 0.07-
9.70 1.40 0.59 10.00 0.14 5.28 1.40 0.02 0.34 0.47

II 4.26- 0.37- 0.31- 5.34- 0.04- 1.69- 0.69- 0.00- 0.11- 0.12-
9.61 1.14 0.68 31.70 0.12 6.86 1.85 0.01 0.74 0.23

III 2.72- 0.45- 0.18- 2.81- 0.02- 1.57- 0.60- 0.00- 0.09- 0.00-
8.64 1.38 0.65 18.60 0.11 3.61 1.81 0.01 0.42 0.49

KG2 1 3.37- 0.29- 0.04- 0.49- 0.04- 1.62- 0.38- 0.00- 0.00- 0.00-
12.3 2.00 0.62 13.70 0.18 4.94 1.72 0.02 0.52 0.70

II 1.43- 0.11- 0.05- 0.42- 0.01- 0.74- 0.36- 0.00- 0.00- 0.00-
12.40 1.01 0.63 42.30 0.24 4.56 3.15 0.03 0.56 0.14

proxy to detecl mineralogy with radioactive such as Ca, Sr, Cl, S, rich in biogenic
elements in soil and sand samples (Almayahi et materials such as shells and microfossils is
al., 2012). Gamma ray intensity was measured at taken to indicate shallow marine to open-
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bay but brackish  con d ition s (R an asin gh e et 
al., 2 0 1 3 ).

4 )  H igh  con centration s o f  Ti and Zr ind icate  
sed im en t layers co m p o sed  o f  beach sand or 
dune sand, w h ich  con sist o f  m ed ium  to  
coarse  and rounded to subangular sand rich  
in llm en ite . garnet, and rutile. On the other  
hand, river sands are rich in angular to 
subangular grains o f  quartz, feldspar, and  
m ica , and m inor quantities o f  h ornblende  
and ilm enite. H igh organic m atter con ten t  
a lso  h elp s to d istingu ish  river sand from

other sou rces (R a n a sin g h e  et ah , 2 0 1 3 ) .
5 ) C ertain  m inera ls are in d ica tiv e  o f  red u cin g  

co n d itio n s . Such  co n d itio n s  cannot be 
a ch iev ed  in h ig h ly  turbulent, aerated  w aters. 
M inerals form ed in stagnant an aerob ic  
w aters in clu d e sed im en tary  p yrite and  
sid er ite . In certain  la g o o n s and estu aries, 
h o w ev er , w h ere  w a v e  and current action  is 
n e g lig ib le , th ese  m ateria ls are form ed  in the  
m uds in co m p a ra tiv e ly  sh a llo w  w ater  

( P ettijohn , I9K4).

R ( ;  i

Surf OM f t Za r. h k Cm Sr Mi a S l n k
(S) (V (V w*' (V M (V W") (V (\< (V (k*V) ffcV)

» 1000 9  <00 10 20 30  18 6000 1 ; j; 40 1X000 D 04 100 10 9 0  1000004 1 00 i J * 100 2 4 6 90 3  3 0 100000 ? i

( b )
-~ 3  Silty day Clayey sand

Fig. 3 (a) Down core variation o f physical and chemical parameters for core R GI 
(b) Down core variation ofphysical and chemical parameters for core RG2
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A fter  the id en tifica tio n  o f  d ifferen t d ep o sitio n a l 
en v ir o n m en ts  and im portant ev e n ts  u s in g  the 
am o u n ts o f  sand  p ercen tage and other ch em ica l 
p rop erties, su b  sa m p les  w ere  taken  from  th o se  
areas and id en tified  them  through b inocu lar  
p o larized  m icr o sco p e . T he sh ap es (w h eth er  
rou n ded , angular, sub  angular) o f  quartz, m icro  
and m acro  fo s s il  co n ten t, h ea v y  m inera ls and  
su lp h id e  sp h eru les  w ere  ch ec k e d  for its 
a v a ila b ility .

RESULTS AND DISCUSSION

STRATIGRAPHY AND SEDIMENTOLOGY

In sed im en t core RG1 (F igure 3a), the depth  
from  2 2 0  - 2 5 8  cm  c o n s is ts  o f  dark grey , sandy  
s ilty  c la y  layer w ith  a y e llo w ish  c la y ey  sand  
layer at the top. T he layer o f  1 - 2 2 0  cm  in RG1 
is g rey ish  s ilty  sand w ith  a 2 0  cm  length  
y e llo w ish  grey  s ilty  sandy c la y  layer. G reyish  
s ilty  sand is a lso  abundant in 72 128 cm  in RG2  
(F igu re 3b). A t the top  1 -  71 cm  sed im en t layer  
in R G 2 con ta in s s ilty  c la y  and c la y ey  sand. T he  
bottom  sed im en ts  in core  K.G1 from  1 8 6 -2 2 5  
cm  co n s is t  o f  c la y ey  sand. S ed im en ts in KG1 
(F igu re 4 a ) from  5 3 - 1 8 5  cm  co m p rise  w ith  silty  
c la y  w ith  sh a le , sand and san dy c la y  w ith  shale  
from  bottom  to  top. T he top 52 cm  o f  sed im en ts  
from  KG1 con ta in  s ilty  c la y  w ith  sh a le  and sand.

KG1

UNIT I

UNIT II

UNIT III

 ̂ ]  Sand m Silty clay with shale Sandy clay with shale

(a ) KG2
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{%i
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Fig. 4 (a) Down core variation ofphysical and chemical parameters fo r  core KG1  
(b) Down core variation o f physical and chemical parameters fo r  core KG 2
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Fig. 5 (a) Stratigraphic correlation between Koggala cores, (b) Stratigraphic unit boundaries 
Koggala cores. Stratigraphic unit boundaries marked in dash lines were identified using proxy data. 
Corrections have been made to the elevation difference.
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Sand, silty clay with shale and sand layer could 
be recognized in the 90 -  186 cm layer of core 
KG2 (Figure 4b). The top 90 cm sediments 
from the same core consist of both silty clay 
and sandy clay with shale and sand layer.

PALEO-ENVIRONMENTAL EVOLUTION OF 
SOUTHWESTERN COAST OF SRI LANKA

Evolution of Ratgama lagoon can be understood 
by correlating the three stratigraphic units 
(Figure 5a). Similarly, evolution of Koggala 
lagoon (Figure 5b) can also be understood by 
three stratigraphic units with similar 
characteristics as recognized in Ratgama lagoon. 
Based on the analyses of geochemical, 
biological, textural properties including grain 
size and shape of sediments, the southwestern 
coastal evolution of Sri Lanka could be 
reconstructed using stratigraphic units 
recognized in Ratgama and Koggala lagoons 
(Figure 6). Unit III and Unit 1 represent a closed 
lake system with less marine influence while 
Unit II represents a lagoon/bay with direct 
marine influence. Unit III, in Ratgama core RG1 
and Koggala core KG1 (Figure 5a and 5b), 
provides clues for a closed lake system with less 
marine influence and low energy environment 
(Appendix Table 1). This was a dark grey, 
sandy, silty, clay layer with yellowish grey, 
clayey, sand layers. Low levels of sand with 
angular and sub angular shapes represent a low 
energy lagoon with terrestrial influence. Detrital 
elements such as Fe and Zn showed relative 
increase during this unit (Figure 3a and 3b). In 
addition, deposition of terrestrial clay can be 
identified by the relative increase of K which 
originates from the terrestrial clay. Furthermore 
abundant wood fragments, limonitic fragments 
and sulphide spherules were also helpful for the 
identification of terrestrial conditions because, 
when wave and current action is negligible, 
these materials are formed in the muds in 
comparatively shallow water such as terrestrial 
environments. Therefore it can be identified that 
these lagoons have been existed as water logged, 
reducing environment due to the abundance of 
organic matter and high levels of sulphide 
spherules. In such conditions the rate of organic 
matter decomposition was at a low level. 
Greyish clayey silt also indicates the presence of 
Fe mainly as Fe+2 within such water logged 
conditions. Taking all these information, 
presence of a barrier lagoon with low sediment 
supply from marine sources can be identified in

Table 2 Variation o f sand (%) and organic matter 
(%) in stratigraphic units o f Ratgama and Koggala 
lagoons.
Lagoon Core Stratigraphic

Unit
Sand
(% )

Organic
Matter
(% )

Ratgama RG1 II 2.5-
80.1

2.2- 5.4

III 2.6-
90.0

1.2- 7.4

RG2 1 2.1-
25.6

2.3-23.1

II 1.1-
19.9

7.2- 32.6

Koggala KG1 I 32.5-
89.6

3.0- 8.7

II 2.3-
51.3

4.9- 10.4

III 12.0-
48.7

4.5- 9.9

KG2 1 4.1-
52.5

2.2-11.1

II 4.1-
52.5

5.0-11.0

Ratgama and Koggala lagoons during of Unit I 
and Unit III depositional periods.

Unit II in both Ratgama (RG 1 and RG 2) and 
Koggala (KG1 and KG2) cores (Figure 5a and 
5b) represents a lagoon/bay with direct marine 
influence and a higher-energy environment due 
to the contact with the ocean. Unit II could be 
identified according to the following 
information. This unit is greyish silty sand layer 
with yellowish grey sandy silty clay layers. The 
sand layer is composed of angular, sub angular 
and rounded grains which indicate shallower 
and/or higher-energy environments. High levels 
of fine to medium sand mostly in rounded to sub 
angular shapes indicate higher-energy events or 
environments in this unit. Broken shell 
fragments of pelecypods and gastropods as well 
as planktonic foraminifera were abundant in this 
layer (Figure 7). During the period of Unit II, 
ilmenite and rutile rich beach sand brought from
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multiple sea level highstands and lowstands 
reported by Katupotha, (1995) from Sri Lanka 
and B'anerjee, (2000) and more sim ilar to single 
highstand reported in Sri Lanka by Ranasinghe 
et al., (2013), in Maldives by Kench et al.,
(2009), in Madagascar by Camoin et al., (2004) 
and in Seychelles by Pirazzoli et al., (1990).

In summary, these results show that the low- 
lying areas in the southwestern coast of Sri 
Lanka have been submerged during Mid- 
Holocene sea level transgression and at end of 
the transgression or after the sea level 
stabilization, these flooded areas have become 
lakes or lagoons due to barrier formation.

CONCLUSIONS

Ratgama and Koggala lagoon sediments in 
southwestern Sri Lanka indicate coastal changes 
in response to relative sea level fluctuations 
during the Holocene. Stratigraphy, biological 
assemblages, physical and. textural properties 
and chemical composition o f sediments provide 
evidences for the reconstruction o f the 
southwestern coastal environment and sea level 
variations.

Based on proxy evidences, three stratigraphic 
units could be recognized in both lagoons. Unit I 
and unit III represent deposits in a closed lake 
system with less marine influence while unit II 
represents a lagoon / bay with direct marine 
influence due to sea level transgression. 
Therefore, the southwestern coast o f Sri Lanka 
has evolved to the present barred lagoonal 
environment after a submergence phase 
occurred during a transgression. Age estimates 
suggests that this transgression phase represents 
the M id Holocene transgression reported from 
Sri Lanka as well as other neighboring countries. 
However, in contrast to the multiple sea level 
highstands reported from Sri Lanka and India 
during mid-later Holocene by some previous 
workers, this study identified a single highstand, 
sim ilar to sea level records from Maldives and 
other western Indian Ocean records. Coastal 
low-lying areas o f the southwestern Sri Lanka 
were flooded during this transgression period 
and after sea level stabilization or at the end o f 
the transgression, flooded areas were 
transformed in to lakes, or lagoons due to barrier 
formation.
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APPENDIX

Appendix Table 1 Properties used to distinguish stratigraphic units o f Ratgama and Koggala 
lagoons

Unit

Unit I

Unit II

Unit III

Distinguishing properties

Greyish silty clay. Enriched in Fe, K, Ti, Zr, Mn, Cl ad S. 

Depleted in Ca and Sr. Low levels of OM content and gamma 

ray intensity. Broken shell fragments of pelecypods and 

gastropods, angular, subangular and rounded quartz

Greyish silty sand. A yellowish grey silty sandy clay layer 

(about 20 cm) at the bottom. The top of this Unit was enriched 

in Ca, Sr and Cl while Fe, Zn and K were relatively depleted. 

Medium in Ti, Zr, Mn and S. OM was relatively high. Gamma 

ray intensity was in medium. Broken shell fragments of 

pelecypods and gastropods as well as planktonic foraminifers 

were abundant in this layer

Dark grey sandy silty clay layer. A yellowish grey clayey sand 

layer was at the top. Enriched in Fe, K, Ti, Zr and S. Depleted 

in Ca and Sr. Relative increase in OM content and medium 

levels of gamma ray intensity. Low levels of shell fragments 

and foraminifers. Abundant limonitic fragments and sulphide 

spherules. Angular to subangular quartz

Sediment type / Depositional
environment__________________
Sea level stabilization or

regression promoted

emplacement of a barrier bar,

ending the marine influence in

to the lake.
A lagoon/bay with direct 

marine influence

A closed lake system with less 

marine influence and low 

energy
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