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Abstract The geochemical and isotope analysis of
groundwaters from the Murunkan basin in north western
Sri Lanka was carried out to examine their evolution and
recharge sources in order to shed light to enhance the
current knowledge of the hydro-geochemical processes in a
karst geological setting. A total of 40 water samples from
ground and surface water bodies were collected from the
Miocene limestone terrain, nearby metamorphic and from
unconsolidated Quaternary terrains for major anions, cat-
ions and environmental isotopes ratios (SISOVSMOW and
8°Hvsmow). Distinct geochemical differences were noted
between waters from limestone terrain and nearby meta-
morphic terrain indicating the modification of groundwater
flow paths. Bicarbonate-chloride rich water is dominated in
the limestone terrain in which water flows through a less
mineralized aquifer system and is modified by the sea
water intrusion. Groundwater in the metamorphic terrain is
modified by dissolving of Ca—Mg rich mineral phases and
subsequent ion exchange processes. The environmental
isotopes of groundwater from both limestone and meta-
morphic terrains vary from —0.38 to —6.68 %o and —2.41
to —42.3 %o for 8"* 0Ovsmow and 8°Hysmow, respectively.
However, slightly enriched isotope signatures and low
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d-excess values from limestone terrain indicate an exces-
sive evaporation compared to that of the metamorphic
terrain where rapid infiltration occurs through the overlying
highly permeable grumusols soil layers.
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Introduction

Groundwater resources are of vital importance in all parts of
the world under any climatic condition as nearly 30 % of
fresh water on the earth occurs as groundwater (Gleick
2000). It has been already identified that climate change and
global population growth cause a substantial impact on the
global water resources (Vordsmarty et al. 2000). Simulta-
neously, intensive exploration of groundwater resources is
evident in most of the arid and semi-arid regions of the world
for agricultural and domestic needs. From among these
groundwater resources, coastal aquifers provide water to
more than one billion people who live near the coastal zone
around the World (Post 2005; Small and Nicholls 2003). In
these regions groundwater resources are depleting drasti-
cally due to both lack of recharge and saline water intrusion
(Chandrajith et al. 2013). Rising sea level due to predicted
global climatic changes could also create an additional
burden on these coastal aquifer systems (Lodiciga et al.
2012). Therefore, adequate assessment, protection and
management of coastal aquifer systems require better
understanding of its behaviors and hydrogeochemical char-
acteristics. In recent years, multi-tracer investigations cou-
pled with stable isotope analyses are commonly used to
understand groundwater movement, mixing patterns
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between different groundwater sources, salinity origin and
recharge periods (Gammons et al. 2013; Khaska et al. 2013;
Pu et al. 2013; Siebert et al. 2012; Wang and Yakir 2000;
Chandrajith et al. 2012, 2013). Such information is essential
to improve groundwater resource management, particularly
in tropical equatorial regions. Applications of stable envi-
ronmental isotopes in hydrological investigations has also
evolved rapidly in the past few decades as conventional
hydrogeochemical studies alone are not sufficient to inves-
tigate source areas of recharge water and hydrodynamics.

Sri Lanka is a tropical island, with an area of
65,630 km?>, located in the Indian Ocean with a 1,340 km
long costal belt. It also has well demarcated climatic zones,
known as wet zone and dry zone. As a vital resource,
groundwater is gaining increasing importance in the supply
of water to rural communities, particularly in the drier
regions of Sri Lanka where surface waters are very scarce or
compromised by poor quality. Particularly in the coastal
belt of Sri Lanka, groundwater resource management is
crucial due to rapid urbanization and consequent over
exploitation (Chandrajith et al. 2013). Although over 90 %
of the island is dominated by aquifers developed on Pre-
cambrian metamorphic rocks, the narrow coastal belt along
the north and northwest of the island is characterized with
karstified sedimentary limestone aquifers. These coastal
sedimentary aquifers have been considered as highly pro-
ductive, but extremely vulnerable to pollution. During the
last few years, extensive development activities including
resettlements and agricultural development have been ini-
tiated in the northern region of Sri Lanka that leads to
overexploitation of groundwater resources from karstified
coastal sedimentary aquifers. In the north and northwestern
coastal region few well-known karstified aquifer basins are
located (Fig. 1) (Basnayake 1988; Davis and Herbert 1988).

Therefore, an attempt is made to characterize one such
karstified sedimentary aquifer basin in Sri Lanka located in
the northwestern coastal belt using geochemical and iso-
tope characters. Knowing the hydrodynamic characteristics
of aquifer systems will lead to determine the predominant
geochemical processes taking place along the inferred
horizontal groundwater flow paths. Finally, knowledge on
the groundwater behavior and its chemical quality will
allow the water managers to properly govern the aquifers,
fully utilize the system and provide good potable water to
communities. Although the selected region is hydroge-
ologically important, extremely limited studies and inves-
tigations have been carried out to date.

Geological and hydrological settings

The sedimentary limestone beds of Miocene age occupies
nearly one tenth of the land area of the island of Sri Lanka.
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Groundwaters in these sedimentary beds are confined to a
number of isolated basins (Fig. 1). Fault zones in limestone
sequences form hydrogeological barriers segregating
aquifers into a series of isolated blocks (Basnayake 1988).
The Miocene limestone belt forms the largest sedimentary
aquifer system in the north and north-western coastal zone
of Sri Lanka covering an area of about 5,000 km?. In this
stretch, seven isolated hydrogeological basins were iden-
tified, named as Madurankuli, Vanathavillu, Silavathurai,
Murunkan, Mulankavil, Paranthan-Killinochchi and Mu-
lathivu basins (Davis and Herbert 1988). These aquifer
systems show a high degree of heterogeneity and anisot-
ropy, which makes them behave differently from the
metamorphic crystalline rock aquifers which are found
elsewhere in the country.

This study mainly earmarked the Murunkan hydro-
geological basin which is located 212 km north to the
capital Colombo in the Mannar district. The basin is
bound by the Malwatu Oya River to the South, the Indian
Ocean to the West, the Nayaru River to the north and
Madhu-Mannar road to the east covering an area of
686 km? (Fig. 2). The basin is one of the most utilized
aquifer systems in the northern region that supplies water
to the Mannar Island. There are many high yielding wells
constructed to extract groundwater from the Murunkan
basin. A recent well drilled in the Murunkan basin yielded
over 7,000 L/min of good quality water (Wickramaratne
and Davies 2011). Some Kkarstified features can be
observed in the limestone stratigraphy that was created by
sea level fluctuations in the post Miocene age (Davis and
Herbert 1988). Within this region, the Precambrian
metamorphic basement rocks are unconformably overlain
by a sandstone stratum possibly belonging to the Jurassic
period. Borehole data indicated that these rocks are not
continuous (Basnayake 1988). Up in the sequence, sand-
stone layers gradually change from cream to yellow col-
our, hard siliceous to soft fossiliferous limestone. Alluvial
sediments were then deposited on westerly dipping
limestone sequences. Further up on the sedimentary
sequences in the Murunkan region, non-marine Quater-
nary deposit of grumusols and latosols can also be
observed (Basnayake 1988) in which Latosols are
deposited unconformably on limestone (Fig. 3). The basin
is characterized with large scale block faulting system. A
down faulted limestone trough occurs in the northeast and
southwest direction across the giant tank (reservoir); the
main surface water body in the region is fed by mon-
soonal rain and used mainly for paddy cultivations; a
dominant lineation trend can be observed across the giant
tank in the northwest to a southeast direction. Malwatu
Oya River may have flow through this lineation in the
geological past (Davies and Selvarathnam 1982). Two
main soil types are predominant in the study area. The
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Fig. 1 Generalized geology and sedimentary aquifer basins in Sri Lanka

eastern part of the Giant tank is composed of highly  while the occurrence of ferruginous gravel layers can be
permeable red—yellow Latosols or red earth formations. observed in certain locations. The western part of the
The average thickness of the soil layer is about 2.5 m  region is composed mainly of grey colored grumusols
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derived from alluvial deposits washed into the flat area
along river channels that are highly utilized for paddy
cultivation because of their impermeable nature. In this
part, a wide range of transmissivity values that vary from
650 to 2,000 m2/day were observed (Basnayake 1988).
Towards the coast, quaternary deposits such as dune sands
and alluvial deposits can be observed. In spite of its small
land area of Sri Lanka, the distribution of average rain
fall varies remarkably from 1,000 mm in the drier parts to
over 5,500 mm in the wettest part. However, the study
region is characterized by a semi-arid climate in which
the annual rain fall is less than 800 mm per annum from
which over 90 % will fall in November and December
through the winter monsoon. Karstic carbonate rock out-
crops slope gently towards the west favors higher

infiltration of rain water recharging the groundwater
basins. Perennial rivers, Malwatu Oya and Nayaru control
the drainage network of the study area. From a hydro-
geological point of view, three major water-bearing sys-
tems can be distinguished in and around the region as (1)
limestone aquifer system, (2) water bearing zones in the
metamorphic terrain and (3) aquifers developed on allu-
vial or lacustrine sedimentary formations.

Materials and methods

Water samples were collected mainly from production
deep and shallow wells that extract water from aquifer
systems in and around the Murunkan basin (Fig. 4). Depth
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of deep wells in the selected area varies from 20 to 30 m
while shallow wells are 5—-12 m deep. A total of 40 samples
were collected from production deep wells (n = 16), hand
pump deep wells (n = 10), shallow wells (n = 9), nearby
Malwatu Oya River (n = 4) and Giant tank (n = 1) during
a single sampling event carried out in summer 2013. An
effort was made to obtain a uniform distribution of sam-
pling locations throughout the area as much as possible;
however, due to the uneven distribution of population in
the study area, this exercise proved to be difficult in some
cases. In production wells with installed pumps, water was
pumped out for several minutes before collecting the
sample. Hand pumps were also operated for about 10 min
before the sampling. A battery driven submersible sam-
pling pump that was placed several meters below the water
surface was used to collect samples from dug wells and
also from some production wells. Geographic locations of
all sampling points were recoded using a hand held GPS
device. Depth to the water table and other important geo-
logical parameters were also recorded in every sampling
location.

In situ determination of pH, electrical conductivity (EC)/
total dissolved solids (TDS), water temperature and salinity
were carried out using filed devises. The alkalinity was
determined titrimetrically using Hach® Field titration kit
with 0.16 N sulfuric acid cartridges. Samples collected for
anion (chloride, sulfate, fluoride, phosphate and nitrate) and
cation (Na, K, Ca, Mg, Fe and Mn) analyses were filtered
through 0.45 pm disposable membrane syringe filters in situ
in which the samples collected for cation analysis were
acidified with ultrapure nitric acid. For oxygen and hydro-
gen isotope ratio analyses, 15 mL of water was collected
from each location into screw capped high density poly-
ethylene tubes that were wrapped using parafilm to avoid
any possible evaporation. All samples were kept in the dark
and at 4 °C until the analyses were performed. Hardness
and chloride in collected water samples were measured by
the titration method while the other anionic parameters
were determined using a Hach® DR2700 spectrophotome-
ter. All cations were measured using a Varian 240FS
Atomic Absorption Spectrophotometer (AAS). Bicarbonate
and Carbonate contents were calculated using pH and
alkalinity values. The 8'®0 and 8”H of water samples were
determined with Picarro L2130i wavelength-scanned cavity
ring-down infrared spectroscopy instrument at the Isotope
Laboratory of Technical University of Darmstadt, Ger-
many. The results are expressed in & per-mille (8%o) (Clark
and Fritz 1997), reported as relative differences (6 values)
with respect to Vienna Standard Mean Ocean Water (V-
SMOW) where 6 = (Rsample_Rstandard)/Rstandard in which
R is the ratio of ?H/'H and '®0/'°0. Analytical precision of
the stable isotope analyses is in the order of 0.037 %o for
3'%0 and 0.100 % for 5°H.

@ Springer

Results and discussion
Physical and chemical characteristics of groundwater

During this study, water samples were obtained from wells
located in the limestone aquifer terrain (21), metamorphic
aquifer terrain (8), alluvial aquifers (4) and sand dune (2)
while five surface water samples were obtained from the
reservoir and the river. Table 1 gives the main geochemical
characteristics of sampled waters. All groundwater in the
area is neutral to slightly alkaline with pH ranging from
6.52 to 7.93, while slightly higher pH was observed from
water samples from the alluvial aquifer (pH 7.53-7.93).
Slightly lower pH levels are predominant in the north-
eastern recharge areas, while it increases alone ground-
water flow paths towards the coast. Surface water samples
that were obtained from Malwatu Oya River and Giant tank
have also given higher pH values compared to that of the
groundwater. Wider variations of TDS values were noted
in different aquifers in the study area where TDS in
limestone aquifers were between 109 and 2,120 mg/L
(Table 1). As expected, high TDS values were obtained in
samples collected closer to the sea, indicating possible
intrusion of saltwater into the aquifer systems. Consider-
ably low TDS values were observed in samples obtained
from the metamorphic terrain (76-710 mg/L) and the
alluvial aquifers (647-771 mg/L) suggesting a low level of
mineralization. Surface water samples in the region are
dominated by relatively lower TDS values ranging from
381 to 674 mg/L. Usually TDS less than 1,000 mg/L are
considered as potable water (WHO 1996).

In decreasing order, bicarbonates, chloride and sulfates
are the dominant anions in groundwater examined in which
the metamorphic aquifer showed slightly lower HCO;™
and CI™ contents compared to the limestone terrain.
The mean chloride content of groundwater samples is
353 mg/L. Although no health-based guideline values have
been given for chloride in drinking water, chloride contents
above 250 mg/L can induce a taste in water (WHO 2008).
Heavy use of high chloride water can cause soil saliniza-
tion as these wells are being used extensively for agricul-
tural purposes. Among other water quality parameters,
fluoride and nitrate in drinking water are more important
due to their public health concerns. The fluoride concen-
trations of all groundwater samples ranged from 0.02 to
0.90 mg/L with the mean value of 0.53 mg/L. However,
the fluoride in the metamorphic terrain is slightly lower
(mean 0.41 mg/L) compared to that of the limestone ter-
rain. However, most of these values are below the WHO
recommended limit of 0.6 mg/L for tropical countries
(WHO 2008). Although the dry zone of Sri Lanka is
characterized with high fluoride groundwater and associ-
ated dental diseases, in the study regions, however, most
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groundwaters are well within the WHO recommended
levels. The nitrate—-N and ortho-phosphate (PO43 ) con-
tents in most of the groundwater collected from three types
of aquifers vary from 0.3 to 1.8 mg/L and 0.13 to 1.5 mg/
L, respectively, in which DWO06 samples showed the
highest values for both parameters, possibly an indication
of anthropogenic pollution.

The dominant cation in study aquifers is Na™ followed
by Ca®" in the limestone aquifer but Mg®" in the meta-
morphic aquifer. In all groundwater samples (Na™ + K*)
exceeds (Ca®" + Mg”™). Based on the Piper trilinear plot,
a majority of the groundwater samples collected from the
limestone terrain are plotted in the mixed zone and in the
Na-sulfate—chloride region (Fig. 5); however, only a few
samples fall in the Ca—Mg-bicarbonate zone. Waters that
circulate through the carbonate aquifer indicate possible
intrusions of sea water or leaching of residues of saline
soils into the groundwater. High evaporation under semi-
arid condition that prevails in the region can considerably
increase the soil salinity. The Ca** and Mg®" ions most
likely are due to weathering and dissolving of minerals
such as calcite, dolomite and gypsum in the limestone
aquifer. Groundwater from the metamorphic terrain is
predominantly of Ca—Mg-HCO;™ type, but some samples
lie in the mixed zone. The excess alkaline earth elements

Fig. 5 Piper plot of chemical
analysis of groundwater
samples in the Murunkan basin

are possibly leached from weathering of silicate minerals,
such as calcic-feldspar, pyroxenes and amphiboles, that are
dominant in high-grade rocks of Sri Lanka.

Geochemical evolution of groundwater

The Na—Cl relationship has been widely used to identify
groundwater evolution and mixing mechanisms particu-
larly in arid and semi-arid regions (Vengosh and Rosenthal
1994; Dixon and Chiswell 1992; Hidalgo and Cruz-San-
julian 2001). The Na/Cl molar ratio ranges from 0.86 to 1.0
in groundwater that flows through the active hydrological
cycle (Hem 1985; Vengosh and Rosenthal 1994). The
scatter plots of the variation of Na* and Cl~ in the study
region (Fig. 6a), shows good linear relationships in which
most wells are plotted very close to or below the isolines.
The Na/Cl molar ratio becomes approximately equal to
one, if the mixing between sea water and fresh water
occurred in the aquifer (Vengosh and Rosenthal 1994) or
halite dissolution is responsible for Na (Meybeck 1987).
However, the low Na* and CI™ values obtained from most
groundwater indicate that these parameters are probably
derived from water—rock interactions. In the limestone
terrain, particularly the few deep wells located close to the
coastline showed higher values of both Na® and CI~
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Fig. 6 Major ion relationships for groundwater in the study area

possibly due to sea water intrusion. Weathering of Ca-Mg
bearing silicates occurs in the metamorphic terrain while
calcite dissolution can provide these ions from the lime-
stone and subsequently modified by cation exchange pro-
cesses. The dominancy of HCO;~ and high Ca**/Mg*"
molar ratio (>1.0) (Fig. 6b) in most groundwater samples
in the region provides further evidence for rock-water
interactions that governs the hydrogeochemical composi-
tion. Katz et al. (1997) inferred that higher Ca*"/Mg*"
molar ratio (>2) indicates the dissolution of silicate min-
erals, while the ratio between 1 and 2 indicate the disso-
lution of calcite (Rajmohan and Elango 2004). The
groundwater from the limestone aquifer shows the Ca**/
Mngr molar ratio between 0.63 and 3.87 (mean 1.37)
except the sample HP-07. As illustrated in Fig. 6¢, the
(Ca2++Mg2+) content increases with the increasing CI ;

however, the relationship is more prominent and linear in
the metamorphic terrain. This may be due to reverse ion
exchange that occurs between clay minerals and the solu-
tion in which dissolved Na exchange for both Ca*" and
Mg*" (Rajmohan and Elango 2004). The linear relation-
ships between C1~ and Mg*" (Fig. 6e) indicate the cation
exchange process that takes place in coastal freshwater
aquifers with the sea water intrusion as given by Appelo
and Postma (2005);

2Nat + MgX, = 2Na X + Mg*"

where, X represents ion exchange sites in aquifer materials.
The reverse reactions occur when fresh groundwater flu-
shes out saline groundwater in the aquifer. Hence, high
Mg®"/CI™ ratio is an indicator for the influence of saline
water.
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Except for a few wells in the limestone terrain, all
other wells show a very good linear relationship between
Cl- and SO4* indicating their common source
(Fig. 6g). Most groundwater from all study aquifer sys-
tems showed a C17/SO,>~ molar ratio close to 7.5. All
wells in the study terrain fall below the isoline 1:1 of
(Ca>™4 Mg*") versus HCO;™ plot (Fig. 6h). A fairly
similar scatter pattern is also obtained in (Ca**+ SO4*7)
versus HCO5;~ plot (Fig. 6i). Very strong correlation
between alkali earths and HCO;~ (r= +0.963;
p = 0.0001) can also be observed in water from the
metamorphic aquifer. The lower Ca®"+ Mg>t/HCO;~
ratio in both limestone and hard rock terrain indicates a
depletion of alkaline earths over HCO3 ™, which possibly
occurs due to cation exchange processes. Particularly in
the limestone aquifers, due to enrichment of Na,
replacement of Mg can occur through cation exchange
process (Appelo and Postma 2005). Although the rela-
tive content of Ca’>" and HCO5™ increases with disso-
lution of calcite, the evaporation process will decrease
ions by precipitation of CaCO5; and returns to the sea
water composition that is dominated by Na® and Cl1~
(Appelo and Postma 2005). The Na*/ClI~ ratio would be
unchanged if the evaporation process is dominant,
assuming that no mineral species are precipitated, (Jan-
kowski and Acworth 1997).

Davies and Selvarathnam (1982) mapped the
groundwater flow paths in the region using piezometers
(Fig. 4) and indicated that the main groundwater flow is
towards the limestone terrain from the direction of the
crystalline metamorphic complex. This flow continues
through the limestone terrain across the giant tank and
finally flows towards the ocean (flow 1 in Fig. 4).
However, some other minor flows were also observed in
the north-west coast from Adampanthalvu ridge (flow 2
in Fig. 4) to the Malwatu Oya River from the meta-
morphic terrain (flow 3 in Fig. 4). Due to the gentle
dipping of limestone beds towards the sea, a steep flow
gradient is created from the center of the terrain. The
geographic distribution of the major ionic geochemical
parameters in the study area also indicates clearly that
chloride is the dominating ion towards the coast while
bicarbonate dominates in the upper part of the flow
(Fig. 7). Na™+K™, C1~ and SO,*~ increases towards the
coast in the flow path while HCO;~, Ca** and Mg”" are
dominated in the upper part of the flow path. Therefore,
the hydrogeochemical evolution in the Murunkan lime-
stone basin takes place from less saline water that con-
verts to saline water towards the coast with increasing
contribution from Nat, CI~ and SO42_ that contribute
from sea water intrusions. Along the groundwater flow
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Fig. 7 Geochemical variation of groundwater along the flow path 1
A-B (as show in Fig. 2)

path carbonate mineral dissolution, enrichment of Na
due to sea water intrusion and consequent ion exchange
produces the entire geochemical composition of the
aquifer system. In the upper part of the flow paths and
particularly in the hard rock formations, weathering of
minerals and consequent leaching, ion exchange pro-
cesses control the concentration of Ca, Mg and Na
concentrations. In general, excessive evaporation under
high ambient temperature conditions would cause an
enrichment of all chemical species in groundwater.

Isotope characteristics

The isotope signature of the groundwater collected from
different hydrogeological domains in the Murunkan
region is discussed with the regional precipitation. The
isotope composition of atmospheric precipitation was
obtained from the database at Global Network of Iso-
topes in Precipitation of the framework of the global
network of isotopes in precipitation (IAEA/WMO 2004)
at International Atomic Energy Authority (IAEA) since
no other isotope date sources are available for precipi-
tation of Sri Lanka. Average monthly isotope values
(8'"%0 and 8°H) recorded in meteorological stations at
Mannar, Puttalam and Anuradahapura for the period of
1983—-1994 were used to obtain the local meteoric water
line (LMWL). All the monthly weighted rainwater data
fits a least-squares regression line of the following
equation:
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Fig. 8 Variation of 3'%0 and 8°H in groundwater from the Murunkan
aquifer systems with respect to the Globle Meteoric Water Line
(GMWL) and Local Metrioric Water Line (LWML)

oD = 8.015'%0 + 10.89 (1))

The LMWL obtained for the northwestern part of the
dry zone of Sri Lanka is almost similar to that of the Global
meteoric water line (GMWL); 5H = 8.06'%0 + 10,
derived by Craig (1961). Isotope composition of differ-
ent water samples collected from the study terrain is
plotted in Fig. 8 with the GMWL and LMWL. The mean
5'%0 and 8°H signatures of water samples from meta-
morphic aquifer are —5.05 and —31.13 %o, respectively,
whereas for the limestone aquifer, the values are —3.24
and —21.4 %o, respectively. One sample collected from
the metamorphic aquifer (PW_11) showed enriched
isotope signatures possibly due to excessive evaporation.
The same sample showed the highest Mg content from
among other samples. Compared to the groundwater
from limestone terrain, metamorphic aquifers show more
depleted isotope signatures. The mean &8'*0 and &°H
values are —3.40 and —21.06 %o, respectively, for the
samples from the alluvial aquifer. In the limestone ter-
rain, both PW_04 and HP_03 that are located close to
the sea (<2 km) show enriched isotope signatures. Both
wells also showed enriched chloride contents, indicating
the admixing of sea water with groundwater. Some
samples (e.g., PW_14, PW_01 and PW_02) that are
located in the alluvial terrain indicates the possible
mixing of aquifer water with river water. Groundwater
flow direction of the alluvial aquifer also provides evi-
dence for this mixing. Majority of the data obtained
from Murunkan regions plotted below both global and
local meteoric water lines, indicating partial evaporation

during the precipitation or during the infiltration with the
influence of high ambient temperature conditions. For
the limestone terrain the regression line obtained was
8°H = 5.978'%0 — 2.00 (R* =0.997) while it is
8°H = 7.178'%0 + 5.05 (R* = 0.971) for the metamor-
phic terrain.

In the metamorphic terrain the slope of the regression
line (7.17) is somewhat closer to the slope of the GMWL as
described by Craig (1961), but the intercept (5.05) is
considerably lower. Dansgaard (1964) described this
intercept as the deuterium-excess (d-excess), defined by
d = &H — 8 8'%0, which is a very useful indicator for
explaining secondary processes influencing groundwater.
High d-excess values indicate more evaporated moisture
that has been added to the atmosphere while low values are
associated with the fractionation caused by evaporation
(Gat and Matsui 1991). The calculated d-excess values for
the groundwater in the limestone terrain range from 1.1 to
11.8 %o with an average of 4.57 %o. Except for three
samples (HP_04, 07 and PW_10), all samples showed less
than 10 %o of d-excess with an average of 3.44 %o. On the
other hand, samples from metamorphic terrain indicate
higher d-excess values that ranged from 7.29 to 11.5 %o
with the mean of 9.24 %.. This sharp deviation of d-excess
values between two main aquifer systems in the Murunkan
region is possibly due to different infiltration rates that
governs the groundwater.

It is important to note that the isotope compositions
significantly vary in wells built in latosols and grumusols
soil regions (Fig. 9). Particularly the north-east recharge
area of the study region comprises latosols, which show
relatively high permeability compared to that of grumu-
sols (Davies and Selvarathnam 1982) that which occupies
mainly in the western part of the study area. The
grumusols are rich with clay and infiltration is relatively
low. Therefore, this part of the land gets flooded even
with moderate rainfall. It is likely that in the metamorphic
terrain, rain water infiltrates vigorously without any
modifications. The evaporation affects under restricted
infiltration conditions, however, makes significant chan-
ges in the isotope signatures in groundwater from the
limestone terrain as shown by lower d-excess and more
enriched 8'®0 and 8°H values.

Conclusions
The Murunkan basin is one of the most important aquifer
systems in Sri Lanka that supplies drinking water to the

nearby community and also to the Mannar Island. These
hydrogeochemical and environmental isotope studies were
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carried out to evaluate the recharging mechanism and
potential geochemical processes involved in the recharge.
The composition of groundwater is modified by mineral
dissolution during the subsurface flow and enhanced by
seawater intrusion in the coastal region. Stable isotope
composition of 5'%0 and 8*H of groundwater closely fol-
lows the meteoric composition but is slightly modified by
the evaporation processes. Enriched isotope signatures and
lower d-excess values obtained from groundwaters of the
limestone terrain suggest a high vapor flux through
excessive evaporation under semi-arid condition and also

subjected to slow infiltration. However, in the metamorphic
terrain only slight evaporation occurs at or near the soil
surface before percolating into depth. Groundwater in the
coastal belt, particularly in the limestone terrain where
discharge areas are located, is vulnerable to salinization by
sea water. Therefore, proper management of water
resources in the Murunkan basin is highly recommended.
Detailed investigations of this nature are warranted to
understand important geochemical processes affecting
water quality in other limestone aquifer basins in northern
and northwestern Sri Lanka.
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