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ABSTRACT

Beach rocks are cemented sandy beaches that represent paleo coast line and occur 
mainly in tropical climate, but also recorded in subtropical, arid and semiarid climates. 
A double bedded beach rock complex was reported at the Bundala historic site, 
Southern Sri Lanka. The unusual arrangement was investigated with the objective of 
implicating the origin of beach rock complex at the mouth of Bundala lagoon. Field 
sampling and petrographical as well as sedimentalogical analysis at the laboratory were 
performed. Results reveal that origin of the beach rock complex is episodic and 
triggered by Holocene sea level changes. The lower bed which is the oldest had been 
formed in a meteoric or marine vadose zone in an arid climatic condition while the 
upper bed had been formed in a marine phreotic zone. The boundary between the two 
beds is deduced as an unconformity resulted by surface erosion of lower bed during a 
lower sea level episode occurred after the formation of lower bed.

Key words: Episodic beach rock. Quartr  sand, Acictilar aragonite fringes, Sea level 
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INTRODUCTION

Beach rocks are cemented beach sands 
representing paleo beaches (Erginal et al.. 2010; 
Irion et al., 2012). Formation of beach rocks is 
expressly correlated with paleo environmental 
changes (Benerjee. 2000; Morner et al.. 2004; 
Lessa and Souza, 2006). Change in global and 
local climate undoubtedly affects coastal 
morphology, sediment supply and depositional 
pattern of coast (Harvey et al., 1999: Stive. 
2004; Dickson et al.. 2007). Hence upward and 
downward shifting of dynamic coast line is 
associated with fluctuations o f sea levels 
depending on short or/and long term climatic 
cycles (Clark et al.. 1978: Pluet and Pirazzoli, 
1991; Hansom, 2001). Interestingly beach rocks 
can hence be considered as the time markers of 
climatic changes. They have been recorded in 
wide range o f coastal localities; beach rocks are 
common features in tropical beach environments 
and also reported in subtropical beaches 
(Erginalet al., 2008; Forsyth et al., 2010;

Sahayam et al.. 2010). Semiarid and arid climate 
in those beach area form identical environments 
for beach sand cementation and surprisingly 
humid climates have also supported the 
lithification process (Cawthra and Uken, 2012).

Beach rocks consist o f any material in beach 
sediment at the moment o f cementation. 
However, they are chiefly composed of beach 
sand mainly quartz with many other accessory' 
minerals such as garnet, ilmenite etc and it also 
consists o f rock fragments, pebbles, gravels as 
well as coral fragments, shells/shell fragments 
etc (Jinsen el al., 1978; Wagle, 1990). Matrix 
grains are commonly lithified with carbonates 
such as aragonite, calcite and dolomite (Erginal 
et al., 2010; Cawthra and Uken, 2012).

Sri Lanka as a tropical country indisputably has 
favored origin of beach rocks and they form 
discontinuous reefs along the coast (Cooray,
2009). These are dominant in northwestern, 
western, southwestern and southern coasts while 
scattered out crops occur in some places of
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Fig. 2 Generalized map o f Sri Lanka which shows I. 
Genera/ Geology; HC: Highland Complex. VC: 
Vijavan Complex. WC: Wanni Complex. KC: 
Kadugannawa Complex. ML: Miocene Limestone 2. 
Climatic zones (dotted tines): WZ- wet zone. IZ- 
intermediate zone and DR- dry zone 3. Study 
location - Black circle.

Mineralogy and texture in beach rocks were 
optically observed in 10 thin sections prepared 
from 6 representative samples and framework 
mineral composition (modal analysis) was 
quantified using the point-counting method of 
Gazzi-Dickinson (Ingersoll, 1984).

Known weight of each of the collected rock 
sample was treated with diluted HCI to extract 
the matrix grains for the textural analysis and to 
determine the cement fraction. Separated grains 
after the acid treatment were thoroughly washed 
with acidic water to remove any remaining 
traces of cements. Air dried sand grains of each 
sample were sieved and fractions were weighed 
(A ST M , 2007). Effective grain sizes (D l0), 
average grain sizes (Djo)> Cumulative coefficient 
(Cu), Mean (M 2), Standard deviation (SD ),

Skewness (K |) and Kurtosis (G ) were calculated 
from the gradational curves obtained from the 
sieve analysis.

Matrix cements of each bed were studied by 
using X-ray Diffraction (X R D ) analysis with a 
Siemens D5000 X-ray powder diffractometer.

RESULTS AND DISCUSSION

MORPHOLOGICAL CHARACTERISTICS

Two distinctive beds laid on one upon the other 
at the lagoon mouth as observed from the land 
(Figure I). Both beds are extended towards the 
dune formations of either side of lagoon mouth 
and disappeared towards sea due to intruding 
into beach sand. The thickness of the entire 
complex is less than 0.5 m. The upper bed rests 
on the upper surface of the lower bed and clearly 
visible paleo unconformity is characterized by 
an irregular boundary which evidence for paleo 
erosion of lower bed. Due to the fluctuation of 
lagoon water level in some parts of the lower 
bed which is facing the lagoon has been eroded 
presently.

PETROGRAPHY

Physical observations o f collected samples 
disclose that the textures of upper and lower bed 
are characterized with fine to medium grain and 
fine grain respectively. The upper bed is lighter 
in color and show laminations of dark-fine and 
light-medium grain bands. Those fine grained 
bands are composed of opaque minerals while 
medium grained bands are mainly composed of 
quartz sand. The lower bed is yellowish brown 
in color. No laminations were observed. 
Dissolution features with no orientation were 
also noted. The upper bed contains 
comparatively high amount of ilmenite and 
garnet. In comparison more glauconite were 
found in the lower bed.

Modal analysis revealed that both beds fall in 
quartz arinite category (Folk, 1974). 
Monocrystalline (Qm) and polycrystalline (Qp) 
quartz occur in both beds (Figures 3A and 3B). 
The amount o f Qm ranges from 65 to 72% and 
from 75 to 87% in the upper and lower beds
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Table I Statistical parameters (Average) o f  the matrix grains o f  both beds

Bed DIO D 50 D60 Cu M2 SD SKI KG
Upper 0.55 1.3 1.42 2.5 1.27 0.65 1.37 1.05
Lower 0.62 1.9 2.2 3.5 2.13 0.94 -1.29 1.15

respectively. The amount of Qp in the upper bed 
is between 15-22% and that of lower bed is 
between 9-18%. Both Qm and Qp in the upper 
bed are commonly sub rounded to sub angular. 
Broken sub rounded sand grains in the upper bed 
resulted by water agitation in high energy 
environments were also noted. Matrix grains of 
the lower bed show sub angular to angular 
texture which rather support for short distance 
transport. Qp in both beds is composed of 
commonly two grains while four grains (few) 
were also noted in the lower bed. W avy 
extinction shown by some quartz grains and 
elongated shapes of Qm grains in both beds 
pinpoint a metamorphic origin. Secondary iron 
stains in the fractures of the quartz sand, along 
the grain boundaries and in the matrix of the 
lower bed (Figure 3B) are indicative of typical 
tropical weathering of iron containing minerals. 
Garnet grains of upper bed are mostly rounded 
to sub rounded u'hile some shows very deep and 
dark red colors and occur scattered in both of the

Sedimentalogical analysis reveals that both beds 
contain sand size quartz grains. Upper bed 
consists of medium sand while the lower bed 
consists of fine sand as the matrix grains. Hence 
formation of upper bed is attributed to a high 
energy beach environment and in comparison 
with the lower bed which is possibly formed 
under low energy environment. According to the 
statistical analysis of the matrix grains (Table 1), 
cumulative coefficient for both beds indicate 
that the grains are uniformly distributed and 
sorted and that evidence for a constant 
reworking or sorting process acted on the 
sediments. Standard deviation of upper bed 
grains further characterize as moderately well 
sorted. But lower bed shows slightly poor 
sorting indicating a lack of wave action. 
Gradational cure of the -matrix grains of upper 
bed is positively skewed and that of lower bed is 
negative. Kurtosis for both beds is noted as 
mesokurtic and leptokurtic. Thus, it can be 
inferred that both beds were formed in two

Fig. 3 Photomicrograph o f  A) Upper bed B) Lower bed, Q-quartz, F-foraminifera, Gt-garnet, G- 
gluconite, l-ilmenite, IS- iron stains, Qp -  Polycrystaline Quartz; Qm- Monocrystalline Quartz.

laminated layers. Ilmenite in dark color layer are 
oriented parallel to the lamination and they are 
mostly very fine with elongated shape (Figure 
3B). Well compaction was noted in the upper 
bed, whereas matrix grains of the lower bed are 
loosely compacted with scattered ilmenite. 
Based on the mineralogy of matrix grains the 
original source can be inferred as alluviums 
generated by running water after extensive 
weathering of high grade metamorphic rocks.

different environmental conditions and/or
climatic periods of the southern Sri Lanka.

BIOCLASTS/FOSSILS

The fossiliferrous upper bed contains mainly 
bioclasts of gastropods, bivalves, algal filaments 
and commonly benthic foraminifera. Some
foraminiferal shells are stained and voids are 
filled with iron oxide (Figure 4A) indicating 
supply Some foraminiferal shells are stained and
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v o id s  are filled  w ith  iron o x id e  (F igure 4 A )  

in d ica tin g  su p p ly  o f  iron rich cem en tin g  

m ateria ls during the lith ification  o f  upper bed o f  

iron rich cem en tin g  m aterials during the 

lith ifica tion  o f  upper bed.

O b served  foram inifera are m ostly  S p oro licu lin a  

sp s. In addition  presen ce o f  low am ount of 

carbonate p e lle ts  in d icating  ch em ica l 

precip itation  in so m e o f  the thin se c tio n s  

prepared for the upper bed. Surprisingly no  

b io c la s ts  w ere recorded from  the thin  sec tio n s  o f  

low  er bed.

MINERALOGY OF CEMENT

C em en t is m ainly  m ade up o f  carbonate  

m aterials and as sh ow n  by X R D  a n a ly s is  it is 

in d icated  that the p resen ce o f  ca lc ite . d o lo m ite  

and siderite as the carbonate m inerals (F igure 5).

F ig . 4  P h o to m ic r o g r a p h  o f  A ) F o r a m in if e r a  sh e ll ,  

a lo n g  th e  b o u n d a r ie s  o f  q u a r t :  a n d  f o s s i l s

T he m ean  percen tage o f  cem en t (m o stly  

carbonate) is 3 5 ° o and 38%  for the upper and 

lo w er  beds resp ective ly . T h e upper bed cem en t  

is characterized  by m ain ly  aragonite, m icn te  and 

b iom icr ite  w h ile  that o f  the low er bed is m o stly  

m icrite. The sand grains and b io c la sts  w ere  

coa ted  w ith  isop a ch ou s acicu lar aragon ite  

fr in ges w h ich  are perpend icu lar to the grain  

b oun daries (F igure 4 B ). In addition  som e o f  the  

b io c la s ts  (e sp ec ia lly  foram in ifera sh e lls )  w ere  

ob serv ed  w ith  re-crysta llized  rim s.

FORMATION HISTORY OF THE BEACH 
ROCK COMPLEX

A cco rd in g  to  petrographical and  

sed im en ta lo g ica l e v id e n c e s , m atrix grains o f  

both b ed s are o f  a llu v ia l orig in .

T h ey  are the w eath erin g  p rod u cts o f  high grade  

m etam orp h ic rocks. H o w ev er , the textural 

p roperties su g g e st  that the grains o f  lo w er  bed  

had b een  transported a short d ista n ce  and 

d ep o sited  prim arily  in an a llu v ia l en v iron m en t  

co m p a ra tiv e ly  during a p eriod  o f  lo w e r  sea  lev el 

(D era m y a g a la , 1986; C o oray  and K atupotha, 

1991; R an asin g h e et a l.. 2 0 1 3 a ) . Further, it can  

be inferred  that the san d s had b een  orig in ated  

from  a quartz rich granu lite. W ith the ch a n g e  ot 

c lim a tic  co n d itio n , the san ds m ay h a v e been  

d ep o sited  after b e in g  sorted  and rew ork ed  by the 

p reva iled  w in d  under an arid c lim a te  o f  

H o lo c en e  period  (S in g h v i et a l.. 1986; 

D eram yaga la , 1986; A lap p at. 2 0 1 1 ; K atupotha, 

1988 . 1989; R an asin gh e et a l., 2 0 1 3 b ). T h e rise  

o f  sea  le v e l w h ich  su p p lied  the carb on ate  

cem en t and con tin u a tio n  o f  w in d y  c o n d itio n s  

had cau sed  the lith ifica tio n  o f  sorted  san d s dune

R ) a u c u l a r  a r a g o n i te  f r in g e s  d e v e l o p e d

san d s in m eteor ic  or m arin e v a d o se  z o n e  w h ere  

rapid ce m en tin g  is p o ss ib le . It is c lea r ly  n oted  

that severa l e p iso d e s  o f  sea  le v e l f lu c tu a tio n s  

during the late H o lo c en e  h ave im p acted  on  

coasta l form ation s. M any o f  th o se  fo rm a tion s  

tend to be sh ifted  up and d o w n  (C o o ra y  and  

K atupotha, 1991; B en erjee , 2 0 0 0 ; R a n a sin g h e  et 

a l., 2 0 1 3 a ).

P a leo  fluv ial ch a n n e ls  had cut the d u n e b each  

d ep o sits  w h en  the reg ressio n  o f  se a  le v e ls  and  

con tin en ta l s h e lf  area ( W icram arathne et a l., 

1988; W ijayanan da, 1994). H en ce  it can  be 

argued  that lith ified  b each  rocks w ere  e x p o se d  

and eroded  so  that the present ob serv ed  p a leo  

u n con form ity  has b een  form ed  w ith  the 

su b seq u en t d ep o sitio n . R etreated  sea  le v e l w h ich  

w a s at the sam e loca tion  o f  earlier b each  rocks
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Fig. 5 XRD diagram o f beach rock cement o f the upper bed.

has caused to deposit the marine deposits as 
alluvial sands. The marine deposits were then 
transported may with the long shore current 
from the west. The sand deposited on the 
erosional surface has been reworked in a high 
energy environment. Shallow and calm 
environment occurred during the cementation 
process resulted for the formation of 
fossiliferrous upper bed under preotic conditions 
on the eroded lower bed.
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APPENDIX

Appendix Table 1 Percentages o f  minerals identified in both beds

Sample Qm Qp Qt Gt llmnt Gl Wamb
Tul 69 19 88 5 6 0.5 0.5
Tu2 72 15 87 6 6.5 0.5 0
Tu3 65 22 87 4 '8.5 0.5 0
Tu4 67 21 88 4.5 7.5 0 0
Tu5 70 16 86 4.7 8 0.6 0.7
Til 87 9 96 1 1.5 1.2 0.3
TI2 84 1 1 95 2 2 1 0
TI3 75 18 93 2.5 3.5 0.6 0.4
TI4 77 17 94 1 4.1 0.7 0.2
TI5 81 14 95 1.3 2.2 1.3 0.2

Tu-Thin section-upper bed. Tl- Thin section-lower bed. Om- Monocrystalline Quartz, 
Qp-Polictysialline Quartz. Ot- Total Quartz. Gt- Garnet, llmnt- Umenite, Gl- 
Gluconite. Wamb- WeatheredAntphibole
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