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Abstract 
The concept of u s i n g b i o l o g i c a l process i n so i l i m p r o v e m e n t w h i c h is k n o w n as b i o -
m e d i a t e d soi l i m p r o v e m e n t technique has s h o w n greater p o t e n t i a l i n e n g i n e e r i n g 
appl i ca t ions i n terms of p e r f o r m a n c e a n d e n v i r o n m e n t a l sus ta inab i l i ty . I n this 
research w e p e r f o r m e d f i e l d inves t iga t ions a n d l a b o r a t o r y tests to u n d e r s t a n d the 
ma jor c o m p o s i t i o n of beachrocks i n U s w e t a k e i y a w a , Sr i L a n k a w i t h a focus o n 
d e v e l o p i n g a sustainable b i o - m e d i a t e d g r o u n d i m p r o v e m e n t M e t h o d . W e 
p e r f o r m e d e lementa l a n d m i n e r a l o g i c a l analyses of the beachrocks a n d seawater i n 
the U s w e t a k e i y a w a beachrock sites. O u r focus w a s o n the cement f o r m a t i o n 
m e c h a n i s m of beachrock. U s w e t a k e i y a w a beachrock c o m p o s i t i o n w a s m a i n l y 
ana l yzed b y u s i n g E n e r g y D i s p e r s i v e X - r a y spectroscopy (EDX) a n d scanning 
e lectron microscope a n d its f o r m a t i v e e n v i r o n m e n t (Beach sand a n d sea wate r ) was 
a n a l y z e d u s i n g s t a n d a r d sieve analysis , E D T A t i t r a m e t r y . A t o m i c A b s o r p t i o n 
Spec t roscopy(AAS) a n d I r o n C h r o m a t o g r a p h y . O v e r a l l va lues suggest that the 
s t u d i e d U s w e t a k e i y a w a beachrock f o r m a t i o n is consisted w i t h C a O a n d M g O . The 
observat ions suggest tha t beachrock s h o w s i m i l a r i t i e s w i t h I n d i a n a n d Japanese 
s i m i l a r occurrences. Th e beachrock cement is s i m i l a r to A r a g n i t e tha t observed i n 
the m a j o r i t y of the sites g l o b a l l y . 

K e y w o r d s : Energy D i s p e r s i v e X - r a y spectroscopy, E D T A t i t r a m e t r y 

1. Introduction 
G r o u n d i m p r o v e m e n t means a 
technique tha t uses to i m p r o v e the 
e n g i n e e r i n g p r o p e r t i e s of the soi l 
mass. W i t h g r o w i n g concern r e g a r d i n g 
the sustainable d e v e l o p m e n t , 
e n v i r o n m e n t a l l y f r i e n d l y m e t h o d s f o r 
g r o u n d i m p r o v e m e n t are needed. 
B i o g r o u t i n g is one such e m e r g i n g 

m e t h o d s , i n w h i c h m i c r o o r g a n i s m s are 
used to i n d u c e carbonate p r e c i p i t a t i o n 
i n the subsurface i n o r d e r to increase 
the s t r e n g t h a n d stiffness of g r a n u l a r 
soils [1] . Hence w e are g o i n g to 
consider the use of m a n - m a d e rocks i n 
b i o l o g i c a l means. O u r m o d e l of 
a r t i f i c i a l r o c k is beachrock i n Sr i 
L a n k a . 
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I n this research we performed field 
invest igat ions a n d laboratory tests 
to u n d e r s t a n d the major 
c o m p o s i t i o n of beachrocks a n d i n 
Uswetake iyawa , Sri L a n k a a n d its 
f o r m a t i v e e n v i r o n m e n t w i t h a 
focus o n d e v e l o p i n g a sustainable 
g r o u n d i m p r o v e m e n t M e t h o d . W e 
p e r f o r m e d elemental a n d 
minera log ica l analyses of the 
beachrocks a n d seawater i n 
Uswetake iyawa beachrock sites. 
Uswetake iyawa beachrock was 
m a i n l y analyzed b y u s i n g Energy 
Dispersive X-ray spectroscopy 
(EDX) a n d its f o r m a t i v e 
e n v i r o n m e n t (sea water ) w a s 
analyzed u s i n g t i t r a m e t r y . A t o m i c 
A b s o r p t i o n Spectroscopy (AAS) 
a n d I r o n C h r o m a t o g r a p h y . 

2. Study Area and Sample 
Locations 
U s w e t a k e i y a w a beachrock site is 
located a p p r o x i m a t e l y 14.5 k m N o r t h 
f r o m C o l o m b o . 

Th is area is c o n s i d e r e d to be r i c h w i t h 
beach sand a n d H o l o c e n e beach r idges 
a n d dunes . A t th is l o c a l i t y the samples 
w e r e col lected f r o m 12 p o i n t s a l o n g 
the t i d e l ine i.e. a l o n g the h o r i z o n t a l 
transect. I n each l o c a t i o n a r o u n d 2 k g 
b u l k of beach r o c k samples w e r e 
col lected ( F i g . l a n d Table 1). 

Figure 1- Locat ion map of Uswetake)ryawa, S r i L a n k a w i t h sample locations 
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T a b l e 1 - T h e 12 sample locations 
selected along the shore at 
U s w e t a k e i y a w a beach 

L o c a i o n GPS c o o r d i n a t e 

N o L a t i t u d e L o n g i t u d e 

S I 202897N 99224E 

S 2 203163N 99180E 

S 3 203353N 99130E 

S 4 203498N 99097E 

S 5 202877N 99233E 

S 6 202898N 99225E 

S 7 202917N 99???E 

S 8 203432N 99113E 

S 9 203383N 99120E 

S I O 203360N 99133E 

S l l 203290N 99135E 

S 1 2 207474N 98169E 

3. Methods 
The research consists three m a i n parts ; 
1) M i n e r a l o g i c a l A n a l y s i s of the beach 
r o c k a n d its f o r m a t i v e e n v i r o n m e n t , 2) 
M i c r o b i o l o g i c a l analysis of the beach 
r o c k a n d its f o r m a t i v e e n v i r o n m e n t 
a n d 3) C e m e n t a t i o n analysis of the 
beach rock . Th is paper covers the 
M i n e r a l o g i c a l analysis of the 
beachrock a n d its f o r m a t i v e 
e n v i r o n m e n t . 

3.1 Beachrock Analysis 
E D X is used to d e t e r m i n e s u r f i c i a l 
e lements of the selected beach r o c k 
samples a n d E D X - S E M w a s p e r f o r m e d 
to observe the s u r f i c i a l c e m e n t a t i o n 
proper t ies of beachrock. 

3.2 Formative Environment - Sea 
Water Analysis 
[Ca2+] was d e t e r m i n e d u s i n g a n E D T A 
t i t r a t i o n . A A S analysis w a s done to 
d e t e r m i n e [K+] a n d [Na+] a n d I o n 
c h r o m a t o g r a p h y analysis w a s 
p e r f o r m e d to d e t e r m i n e a n i o n content ; 
[C1-] a n d [SO42-]. 

4. Results and Discussion 

4.1 Formative Environment 
Analysis - Sea Water Analysis 
Results of the sea w a t e r analyses are 
presented i n F i g u r e 2, 3 a n d 4. The 
results o b t a i n e d f r o m sea w a t e r 
analysis w e r e c o m p a r e d w i t h the 
average g l o b a l seawater 
concentrat ions [2] . 
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Figure 2 - [Ca^+J concentration of sea 
water 
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Figure 3 - [K+] concentration of sea 
water 

A v e r a g e g l o b a l [Ca^+J percentage is 
200-410 p p m a n d the ca lcula ted va lues 
are i n b e t w e e n the g l o b a l values as 
s h o w n i n the F ig . 2. O b s e r v e d [ K * ] 
c o n c e n t r a t i o n is b e t w e e n 350- 390 p p m 
w h i c h is i n the range of g l o b a l average 
v a l u e of 390 p p m (Fig. 3). 
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Figure 4 - [ C I ] a n d [SOi^] 
concentration of sea water 

[ C I ] a n d [504^"] concentrat ions (Fig. 4) 
are above a n d b e l o w the g l o b a l 
concentra t ion , 19,400 p p m a n d 8,980 
p p m respect ively . 

4.2 Beachrock Analysis 
Beach rocks consists of a n y m a t e r i a l i n 
beach sed i me nt at the m o m e n t of 
cementat ion . H o w e v e r , they are 
ch ie f ly c o m p o s e d of beach sand 
m a i n l y q u a r t z w i t h m a n y other 
accessory m i n e r a l s such as garnet , 
i l m e n i t e etc a n d i t also consists of r o c k 
f ragments , pebbles, gravels as w e l l as 
cora l f r a g m e n t s , shells/ shel l 
f ragments etc. [3] . C h e m i c a l l y , beach 
rock are d i f f e r e n t a r o u n d the w o r l d . 
The di f ference of m a i n c h e m i c a l 
c o m p o s i t i o n i n I n d i a , Japan, a n d 
Bangladesh are s h o w n i n F i g u r e 5. 

- India (\°attakotai) •India (TimclHiidni) 
-Japan (Okinawa) 
-BancUdMfa (Satkhiia) 
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Figxxre 5 - Beach rock composit ion [4] 

4.2.1 Elemental Analysis 
Sur f i c ia l e n v i r o n m e n t of the 
beachrocks w e r e a n a l y s i d u s i n g E D X . 
Samples analysed w e r e c o m p o s e d 
m a i n l y of C a O , a n d M g O (Fig. 6). 
M e a n w h i l e , samples c o n t a i n e d m a n y 
elements , i n c l u d i n g A I 2 O 3 , S i O i , K2O, 
FeO, a n d Ti02. 

Figure 6 - Resul ts of E D X 
analys is_S12 

a*ac^ rock compoiltliin 
1 » 
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Figure 7 - Beach rock composi t ion 
i n c l u d i n g composit ion of 
U s w e t a k e y y a w a beachrock 

U s w e t a k e i y a w a beachrock 
c o m p o s i t i o n s h o w s s ign i f i ca nt 
s imi la r i t i e s w i t h the o ther countr ies 
l i k e I n d i a a n d Japan (Fig. 7). Ferrous 
a n d T i t a n i u m content i n 
U s w e t a k e i y a w a beach r o c k is a lmost 
same as O k i n a w a , Japan a n d Satkhira , 
Bangladesh. Si content i n 
U s w e t a k e i y a w a , Sr i L a n k a is 
c o m p a r a t i v e l y lesser t h a n beachrock at 
K a n y a k u m a r i , I n d i a . 

4.2.2 SEM Observations 
To observe the beachrock surface a n d 
to i d e n t i f y the cement of beachrock 
E D X - S E M . Beachrock cements can be 
m a i n l y calcific or aragoni t i c [5] 
d e p e n d i n g o n the p h y s i c o c h e m i c a l 
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parameters (e.g. t e m p e r a t u r e , s a l i n i t y , 
p H a n d the abundance of M g ) of the 
diagenetic e n v i r o n m e n t [5] . S E M 
i m a g e of S12 (Fig 8) s h o w a needle l i k e 
c e m e n t a t i o n b e t w e e n the gra ins of the 
samples. Th is m i g h t be the A r o g o n i t e 
c e m e n t a t i o n ( p o l y m o r p h s of CaCOs) 
w h i c h n o r m a l l y s h o w s th i s t y p e of 
needle s t ruc ture . 

Figure 8 - Locat ion S 1 2 _ S E M image 

W h e n consider the M g a n d Ca 
c o m p o s i t i o n s , i f M g percentage is 
greater t h a n Ca, t h e n the p a r t i c u l a r 
m a t e r i a l is sa id t o be consisted w i t h 
H i g h M g c a l c i t e ( p o l y m o r p h s of 
CaCOs) [2] . I n the samples tested 
u n d e r EDX, C a O < M g O . Hence th is 
beachrock m i g h t consist of A r a g n i t e 
cement w h i c h is also s h o w e d i n S E M 
images. Th is results s h o u l d be f u r t h e r 
s t r e n t h e n d b y p e r f o r m i n g a X - r a y 
D i f r a c t i o n A n a l y s i s . 

F i g u r e 9 s h o w s the c o m p o s i t i o n a l 
d i s t r i b u t i o n beachrock i n 77 sites 
a r o u n d the globe [2] . Th is s h o w s t h a t 
the cements at 75 o u t of the 77 sites 
w o r l d w i d e w e r e p o l y m o r p h s of 
CaCOs 

Figure 9 - Beachrock cement 
mineralogy a n d n u m b e r of sites w i t h 
a g i v e n mineralogical composit ion 
a mo n g the 77 sites reported 
w o r l d w i d e 

Therefore , the beachrock cement at 
U s w e t a k e y y a w a , S r i L a n k a is s i m i l a r to 
tha t observed i n the m a j o r i t y of the 
sites g l o b a l l y . 

5. Conclusions 
O v e r a l l va lues suggest tha t the s t u d i e d 
U s w e t a k e i y a w a beachrock f o r m a t i o n 
is consis ted w i t h C a O a n d M g O . The 
observat ions suggest tha t beachrock 
s h o w s i m i l a r i t i e s w i t h I n d i a n a n d 
Japanese s i m i l a r occurrences. The 
beachrock cement is s i m i l a r to 
A r a g n i t e t h a t observed i n the m a j o r i t y 
of the sites g l o b a l l y . 
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