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Abstract 

 
The study of groundwater hydrogeochemistry of hard and sedimentary aquifers system in Gadilam river 

basin has resulted in a large number of geochemical dataset. Groundwater samples were collected at 41 sites over 

spread of 1380 km
2
 study area and analyzed for major ions. The large number of data can lead to difficulties in the 

integration, interpretation and representation of the results. Application of statistical analysis of the data helps us to 

unravel the hidden relationship between ions. Correlation analyses and factor analyses were applied to classify the 

groundwater samples, and to identify geochemical processes controlling groundwater geochemistry. The correlation 

analysis helps in the determination of the spinal and the seasonal species (ions). Calcium (Ca
2+

), Magnesium (Mg
2+

), 

Sodium (Na
+
), Chloride (Cl

-
), Bicarbonate (HCO3

-
) and Sulphate (SO4

2-
) were determined as spinal species and  

Potassium (K
+
), Phosphate (PO4

-
) and Silica (H4SiO4) as the seasonal species. Factor analysis shows that dissolution 

and leaching of secondary salts, weathering and anthropogenic impacts are the dominant controlling factors in the 

study area. Though several factors were extracted for different seasons to identify the dominant hydrogeochemical 

regime of the study area, first three dominant factors were spatially distributed by their factor scores. This spatial 

representation of the factor scores show that part of the region is hydrogeochemically active. 
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1. Introduction 

 

The chemistry of water is an important factor determining its use for domestic, irrigation or industrial 

purposes. The quality of groundwater is controlled by several factors, including climate, soil characteristics, manner 

of circulation of groundwater through the rock types, topography of the area, saline water intrusion in coastal areas, 

human activities on the ground, etc (Rajesh Reghunath et al., 2002; Lakshmanan et al., 2003; Srivastava, 2005; Das 

Brijraj and Kaur, 2007; Vincent Cloutier et al., 2008). As the study area consists of both hard and sedimentary rocks, 

the groundwater potential is governed by several factors like weathering, anthropogenic impact and saline water 

intrusion. Groundwater samples were collected and analysed for major ions in different seasons. In order to handle 

this large data set and to get a reliable interpretation, application of statistics is essential. Multivariate statistical 

analysis has been successfully applied in a number of hydrogeochemical studies. Steinhorst and Williams (1985) 

used multivariate statistical analysis of water chemistry data in two field studies to identify groundwater sources. In 

their application of multivariate analysis to chemical data, Usunoff and Guzma´n-Guzma´n (1989) demonstrated the 

usefulness of the approach in hydrogeochemical investigations when considering the geological and hydrogeological 

knowledge of the aquifer. Melloul and Collin (1992) used PCA to supplement classical geochemical methods such 

as Scholler and Piper diagrams and successfully identified major water groups and factors affecting groundwater 

quality in an aquifer. Schot and Van der Wal (1992) applied principal components and clusters analysis to 

hydrochemical data to show the regional impact of human activities on groundwater composition. In the study of 

Farnham et al. (2003), the application of multivariate statistical analysis to trace element chemistry of groundwater 

helped identify rock–water interaction processes and groundwater redox conditions. All the hydrogeochemical 

studies mentioned above show that multivariate statistical analyses significantly help to classify groundwater and 

identify major mechanisms influencing groundwater chemistry. When the hydrogeochemical interpretation is 

combined with the knowledge of the geological and hydrogeological setting, multivariate statistical methods can 

also help to understand groundwater flow in complex aquifer systems (Farnham et al., 2000; Stetzenbach et al., 

2001).  

Few geochemical studies were carried out in the Gadilam river basin by Prasanna et al. (2008a) and (2009) 

to understand the hydrogeochemical nature of the groundwater. There has been limited attempt to study the 

statistical nature of these groundwaters. Hence, the main objective of this study is to enumerate the usage of factor 
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score in identification of the hydrogeochemically active regimes represented by the major factors. Relationship 

among dissolved ions present in water may vary with seasons and different lithologies. Certain ions maintain the 

relationship with season and some do not. Such relationships have been enlightened by the use of the correlation 

analysis. An attempt has also been made to note the seasonal variation of the factor representations in the study area. 

This study also illustrates the usefulness of statistical analysis to improve the understanding of groundwater systems. 

 

2. Study area 

Area chosen for study is Gadilam river basin, which is located in Cuddalore and Villupuram district, 

Tamilnadu, India. The area is bounded between latitudes 11
0
30’n - 11

0
55’n and longitudes 79

0
0’e – 79

0
47’e. It 

covers a total area of about 1,394 sq.km (Fig. 1). The basin lies between the Ponnaiyar river basin in the north and 

Velar river basin in the south. Gadilam river basin covers different stratigraphic units viz. Archaean, Cretaceous, 

Tertiary to Recent alluvium (Fig. 2) (Muthukrishnan, 1993; CGWB, 1997a&b). Archaean complex consists of 

garnetic gneiss, charnockite, leptinites and schists. Limestone constitutes the cretaceous formation and cuddalore 

sand stone of the tertiary age are the litho units of the area. The western part of the study area is composed of hard 

rock and the eastern part by sedimentary formation. It is inferred as a faulted contact between the hard rock and the 

sedimentary formation (Aravindan et al., 2004). The average annual rainfall of the basin is about 1643mm. The 

water level ranges from 3.10mbgl to 98.85mbgl (below ground level) with an average of 62.37bgl.  Gadilam river 

originates in the hard rock region and flows through the sedimentary terrain. The important large scale extraction 

sites in this basin are Neyveli Lignite Corporation (NLC) and the boreholes of New Veeranam Scheme (NVS). The 

open cast mining of Lignite requires heavy pumping at the rate of 9,000 – 10,000 m
3
hr

-1
 as water table condition has 

to be brought down below the level of mining (Anandhan, 2005). Water from the Veeranam Lake is supplied 

through transmission line to Chennai city. To augment the supply during summer season, 48 deep bore wells were 

drilled and operations are done alternatively to pump the groundwater from deep aquifer and the pumped water is 

connected to the New Veeranam Scheme (NVS) pipelines. Apart from these large scale extraction features, an 

industrial estate SIPCOT (Small Industries Promotion Corporation of Tamilnadu) with groups of industries, which 

generate multi facet chemicals and raw materials are distributed along the downstream of the river Gadilam, near the 

coast at Cuddalore (Prasanna, 2008). 
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3. Materials and methods 

 

Groundwater samples were collected during March 2005, July 2005, January 2006 and November 2006 to 

broadly cover seasonal variation. A total of 156 groundwater samples were collected from bore wells (Fig. 2) in four 

different seasons (November 2006 represents NE monsoon; January 2006 represents Post monsoon; March 2005 

represents Summer; July 2005 represents SW monsoon) to cover different litho units of the study area. In summer 

(SUM) and south west monsoon (SWM), twelve groundwater samples was collected from Alluvium, ten 

groundwater samples from Tertiary and fourteen groundwater samples from Archaean. In north east monsoon 

(NEM) and post monsoon (POM), twelve groundwater samples was collected from Alluvium, twelve groundwater 

samples from Tertiary and seventeen groundwater samples from Archaean. The samples collected were analyzed for 

major cations like, Ca and Mg by Titrimetry, Na and K by Flame photometer (CL 378); anions, Cl and HCO3 by 

Titrimetry, SO4, PO4, and H4SiO4 by Spectrophotometer (SL 171 minispec). EC and pH were determined in the field 

using electrode (Eutech). TDS was also measured in situ by TDS portable electrode model TDS Testr11+ (multi 

Range). The analyses were done by adopting standard procedures (APHA, 1998). The average temperature at the 

time of sampling varies from 25
ο 

C to 31
 ο

 C. The analytical precision for the measurements of cations and anions 

was determined by calculating the ionic balance error that varies by about 5-10% (Freezy and Cherry, 1979). 

3.1 Data Analysis 

Each sampling site is characterized by a large number of chemical and physical variables, making the 

regional hydrogeochemical study a multivariate problem. The multivariate statistical analysis is a quantitative and 

independent approach of groundwater classification allows to group of groundwater samples and the making of 

correlations between chemical parameters and groundwater samples. In this study correlation analyses and factor 

analyses were applied using Statistical Package of Social Studies (SPSS) version 10. 

Data obtained from the laboratory analysis were used as variable inputs for factor analysis. Preparation of a 

correlation matrix of the data from which initial factor solutions were extracted by the principal component 

analytical method. Factor extraction was done with a minimum acceptable Eigen value as 1 (Kaiser, 1958; Harmann, 

1960). Orthogonal rotation of these initial factors to terminal factor solutions was done with Kaiser’s varimax 

scheme. This method maximizes the variance of the loadings on the factors and hence adjusts them to be either near 
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±1 or near 0 (Davis, 1973). Factor score coefficients are derived from the factor loadings. Factor scores are 

computed for each sample by a matrix multiplication of the factor score coefficient with the standardized data. The 

value of each factor score represents the importance of a given factor at the sample site. A factor score > +1 

indicates intense influence by the process. Very negative values (< -1) reflect areas virtually unaffected by the 

process while near zero scores reflect areas with only moderate effect of the process. The spatial distribution of the 

factors can be assessed by a contour of the factor scores representing each factor.  

 

4. Results and discussion 

 
The summary of the analytical results of groundwater in the study area is represented in Table 1, which 

shows the average, maximum, minimum and standard deviation values for different seasons. The total cations (TZ
+
) 

and total anion (TZ
-
) balance (Freeze and Cherry, 1979) is considered to shows the charge balance error percentage. 

The error percentage in the samples of the present study ranges between ±1% to ±10%. Occurrence of errors in 

chemical analysis of groundwater is also due to the reagents employed, limitations of the methods and the 

instruments used presence of impurities in distilled water etc. The correlation coefficient between TZ
+
 and TZ

-
 is 

around 0.6 to 0.9. TDS / EC ratio was ranging from 0.5 to 0.9. The role played by other ions than those considered 

here for the cations and anions charge balance is less significant. The groundwater in the study area is colorless and 

odorless in most of the places. Results of the four seasons were preceded by WATCLAST (Chidambaram et al., 

2003). The dominant hydrogeochemical facies in the entire lithounits is Na-Cl indicating saline nature in the 

groundwater (Prasanna, 2008).  

4.1 Correlation analyses 

The correlation analysis for groundwater in different litho units of all seasons was studied in detail.  

4.1.1 Alluvium 

In SUM, good correlation exists between Cl-Ca, Cl-Mg, Cl-Na, HCO3-Ca, HCO3-Na, HCO3-K, HCO3-Mg, 

Ca-Mg, Ca-Na and Mg-Na (Fig. 3). Poor correlation exists between SO4, PO4 and H4SiO4 with all other ions. Cl 

shows good correlation with Ca, Mg and Na indicates dissolution and leaching of secondary salts and a significant 

correlation of HCO3 with Ca, Mg, Na and K indicates chemical weathering. Poor positive correlation of SO4, PO4 
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and H4SiO4 shows the lesser possibility of anthropogenic influence into the system. Ions like Cl and HCO3 show 

significant correlation with Ca, Mg, Na and K indicating the predominance of chemical weathering along with 

leaching of secondary salts during this season. For SWM, good to excellent correlation is obtained between Cl-

HCO3, Cl
-
 – Ca, Cl

-
 – Na

+
, Cl-Mg, HCO3- Mg, HCO3-Ca, HCO3-Na, PO4-H4SiO4, PO4-Ca, PO4-Mg, Ca-Mg and Ca-

Na indicating the dominance of weathering and leaching processes. PO4 shows good correlation with H4SiO4 

indicates anthropogenic impact from agricultural practices. Opaline Silica, from the rice plants provides a readily 

soluble source of Silica and frequent oxidation and reduction cycle of paddy soil may accelerate weathering of 

Smectite, thereby making silica more soluble (Wang et al., 1993). Poor correlation exists between SO4 with other 

ions, might be because of the effect of dilution. During monsoon period, the recharge of fresh meteoritic water with 

lesser ions dilutes the existing groundwater with higher ion concentrations. The intense dilution or dissolution 

process may reduce the concentration of the SO4 in the groundwater system (i.e under saturation condition of 

sulphates in the system), which is reflected poor correlation with other ions (Prasanna, 2008). Generally weathering 

along with anthropogenic impact are the dominant processes during this season.  In NEM, good correlation exhibits 

between Cl-Ca, Cl-Mg, Cl-Na, HCO3-K, PO4-H4SiO4, Ca-Mg, Ca-Na and Mg-Na. Poor correlation exists between 

HCO3, SO4 and PO4 with all other ions except K and H4SiO4. Cl shows good correlation with Na, Ca and Mg 

indicates leaching of secondary salts. PO4 is well correlated with H4SiO4 indicating anthropogenic impact from 

agricultural practices as similar as in SWM. HCO3 shows good correlation to poor correlation with K and Na 

indicates weathering of potash feldspar. In POM, good correlation exhibits between Cl-Ca, Cl-Mg, Cl-Na, H4SiO4-

HCO3, PO4-K, Ca-Mg, Ca-Na and Mg-Na. Poor correlation exhibits between SO4 and H4SiO4 with other ions might 

be because of dilution. SO4, PO4 and K shows good to poor positive correlation indicates anthropogenic activities 

from fertilizers. The contribution of HCO3, H4SiO4 and Na indicates albite weathering from the source rock. Cl 

shows good correlation with Mg, Ca and Na indicates leaching of secondary salts. Generally chemical weathering, 

leaching of salts and anthropogenic impact are the major contribution for this terrain. 

4.1.2 Tertiary 

In SUM, good correlation exhibits between Cl-Mg, Cl-Na, Cl-K, HCO3-Ca, SO4-Mg, SO4-Na, SO4-K, PO4-

Ca, Mg-Na and Na-K (Fig. 4) Poor correlation exhibits between H4SiO4 with other ions indicates lesser influence of 
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silica during this season. SO4 shows good poor positive correlation with Mg, Na and K indicates the leaching of 

marchasite present in this region (Sivalingam, 2005). HCO3 is well correlated with Ca indicates weathering of 

Carbonate minerals. In SWM, good to excellent correlation is obtained between Cl
-
–SO4, Cl

-
–Na

+
, Cl

-
–K, HCO3

-
–

Ca, SO4-Na, PO4-Ca, PO4-H4SiO4, PO4-Mg, H4SiO4-Ca, H4SiO4-Mg and Ca-Mg. Poor correlation exists between 

HCO3 and SO4 with other ions except Ca and Na. Cl shows good correlation with SO4, Na and K indicates leaching 

of secondary salts as in SUM season. Good correlation between HCO3, Na and H4SiO4 indicates albite weathering. 

H4SiO4 is well correlated with Ca and Mg indicating intensive weathering reaction enhancing H4SiO4. PO4 is well 

correlated with H4SiO4 indicating anthropogenic impact from agricultural practices. In NEM, good correlation 

exhibits between Cl-Na, SO4-Na, H4SiO4-Ca, H4SiO4-K and Ca-K, indicating chemical weathering and leaching of 

secondary salts. Poor correlation exhibits between HCO3 and PO4 with other ions. In POM, good correlation exhibits 

between Cl-SO4, Cl-Ca, Cl-Na, Cl-K, HCO3-Ca, HCO3-Mg, SO4-Na, H4SiO4-Mg and Ca-Na, indicates leaching of 

secondary salts with anthropogenic impact. Poor correlation exhibits between PO4 with other ions indicating lesser 

influence of anthropogenic impact might be the effect of dilution. HCO3 is well correlated with Ca and Mg 

indicating weathering of carbonate minerals. Cl shows good correlation with SO4, Ca, Na and K indicating leaching 

of salts. In general, SO4 is well correlated with Na in all the seasons indicates high sodium sulfate concentration is 

derived from the local fertilizer plants at (NLC) which is located in this terrain. Generally weathering and leaching 

of secondary salts are the dominant processes during this season. 

4.1.3 Archaean 

In SUM, good correlation exhibits between Cl-Ca, Cl-Mg, Cl-Na, Cl-K HCO3-Na and Na-K indicates the 

leaching of secondary salts (Fig. 5). Poor correlation exhibits between SO4, PO4 and H4SiO4 with other ions 

indicates lesser influence of anthropogenic impact. Cl shows good correlation with Ca, Mg, Na and K indicates 

secondary leaching of salts. HCO3 is well correlated with Na indicating weathering of sodic feldspar from the source 

rock. In SWM, good correlation exists between Cl– Ca, Cl – Na, Cl – K, HCO3-Na, PO4-H4SiO4, Ca-Mg and Na-K. 

Poor correlation exhibits between SO4 and H4SiO4 with other ions. Good to poor positive correlation of HCO3, Na, 

K and H4SiO4 indicates albite weathering from the source rock. Cl shows good correlation with Ca, Na and K 

indicating secondary leaching of salts. H4SiO4 is well correlated with PO4 indicates anthropogenic impact from the 
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agricultural practices. In NEM, good correlation exhibits between Cl-Ca, Cl-Na, SO4-Na and H4SiO4-Ca indicates 

secondary leaching of salts. Good to poor positive correlation between H4SiO4, Ca, Na and K indicates potash 

feldspar weathering from the source rock. Poor correlation exists between HCO3 and PO4 with other ions. In POM, 

good correlation exhibits between Cl-HCO3, Cl-SO4, Cl-Ca, Cl-Na, HCO3-SO4, HCO3-Ca, HCO3-Na, SO4-Na and 

Ca-Na, indicating the leaching of salts along with weathering process. Poor correlation exhibits between PO4 and 

H4SiO4 with other ions indicates lesser influence of anthropogenic impact. Cl shows good correlation with Ca, Na 

and SO4 indicates leaching of secondary salts. Generally weathering and leaching of ions are the prominent 

processes during this season. 

In general Ca, Mg, Na, Cl, HCO3 and SO4 remain to be the chief ionic species throughout the seasons and 

other play a less dominant role with respect to seasons. Hence correlation study reveals Ca, Mg, Na, Cl, HCO3 and 

SO4 form the spinal species (Chidambaram et al., 2007) and others are seasonal. This also shows that spinal species 

are the chief ions, which are playing a key role in controlling water chemistry of the region. 

4.2 Factor analysis 

After computation of the correlation matrix and the correlation coefficient, measures of interrelationship for 

all pairs of constituents are determined. Then by the examination of the factor loadings, factors are interpreted by 

rotation. Factor analysis is a widely used statistical technique in groundwater studies because it reduces the number 

of variables and enables the detection of structure in the relationships between variables. In this study principal 

component method is used as a parameter estimation method to transform a set of observed independent variables 

into an orthogonal set of variables called principal components. The first principal component accounts as much as 

possible of variance of the observed variants. The second principal component accounts for as much as possible of 

the residual variances not accounted by the first principal component. Each succeeding principal component 

accounts for as much as possible for the residual variance not accounted for by all the previous principal 

components. Initial factor loadings unlikely to reveal the underlying structure of the observed variants, because of 

certain mathematical conditions such as the variance properties of the principal components has to be understood in 

detail. To have a more clear view of this structure, common factors associated with initial set of loadings are linearly 

transformed into a new set of common factors, associated with new set of loadings, factor rotation. Though 
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numerous schemes have been proposed, Kaiser Scheme called varimax rotation is used in this study. Varimax 

rotation yields set of loadings such as the variances of loadings are maximum. The factor analyses for four seasons 

were carried out and the results (Table 2) reflect complexities in chemical nature of the region. 

 

In SUM, 3 factors were extracted with 78.62% of Total data variability (TDV). Factor I was represented by 

Cl
-
, HCO3, Ca Mg and Na indicating leaching of secondary salts (Prasanna et al., 2009). The concentration of Na 

and Cl can be ascribed to the intrusion of seawater into the aquifer system which increases the concentrations of 

these ions. The presence of HCO3, Ca and Mg reflects the signatures of natural water recharge and rock-water 

interaction. Surface water charged with atmospheric and biogenic CO2 infiltrates into the subsurface and 

aggressively attack aluminosilicates including feldspars and micas present in the formation liberating cations such as 

Ca and Mg into the water and leaving residues of clay minerals. A consequence of this incongruent dissolution is a 

rise in pH and in HCO3 concentration of the water (Freeze and Cherry, 1979). Factor 2 represented by PO4 and K 

indicating the anthropogenic impacts from the agricultural practices. Factor 3 represented by HCO3 and Ca 

indicating water-soil/rock interaction.  

In SWM, 3 factors were extracted with 76.90% of Total data variability (TDV). Factor 1 was represented 

by Cl, HCO3, Ca and Na follow the same trend of factor 1 in SUM. Factor 2 representing PO4, H4SiO4, Ca and Mg 

indicating anthropogenic impact from the agricultural practices. Factor 3 represented by SO4 and K also indicating 

anthropogenic impact. 

In NEM, 3 factors were extracted with 73.96% of Total data variability (TDV). Factor 1 representing Cl, 

Ca, Mg and Na indicating leaching of secondary salts. Factor 2 representing HCO3, SO4, Na and K indicating 

intensive weathering. Factor 3 represented by PO4 and H4SiO4 indicating anthropogenic impacts from the 

agricultural practices (Prasanna et al., 2009). 

In POM, 3 factors were extracted with 77% of Total data variability (TDV). Factor 1 represented by Cl, Ca. 

Mg and Na follow the same trend of factor 1 in NEM. Factor 2 represented by SO4, PO4 and K indicating 

anthropogenic impacts from fertilizers. Factor 3 represented by HCO3 and H4SiO4 indicating weathering of silicate 

minerals.  
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In general leaching of secondary salts, weathering and anthropogenic impacts are the dominant controlling 

factors in the study area. 

4.3 Factor Scores 

The factor score were also estimated to find out the spatial variation of the factor representation and to 

identify the zone of its representation. They are commonly obtained by two approaches weighted least square 

method and the regression method. The regression method is used in the study to compute the factor scores. The 

positive zones indicate the dominance of that factor (Hydrogeochemical regime). The spatial variation by using the 

factor score values of each sampling points were plotted by SURFER software. The spatial representation for factor 

I (Fig. 6) irrespective of seasons fall along the coast with higher industrialized region, where the influence of 

SIPCOT industry is preferably noted.  The  areal  distribution  of  the  factor  score  show  that  the intensity of salt 

water activity is well noted along the coastal area. This suggests that salt water ingress into the aquifer was 

predominantly related to water recharge from this tide influenced river. The high score area is the most densely 

populated and consequently witnesses higher groundwater abstraction. This probably establishes local freshwater 

depression cones, which induces saltwater infiltration into this region. The spatial representation of factor II (Fig. 7) 

is mainly represented in the Archaean region and along the contact of lithology with few in Alluvium region. In 

SUM and SWM seasons, higher scores are located in the upstream side of Archaean region. They represent leaching 

of secondary salts and anthropogenic impact by agricultural practices. In NEM, they fall in the region with 

prominent lithological contact and structural controls and a small patch in the SE side of the region. In POM, factor 

II is represented in the NE side of the region influenced by anthropogenic impacts. The spatial representation of 

factor III (Fig. 8) is mainly represented in the upstream side of Archaean formation with few along the contact of 

lithology and in Tertiary formation. In SUM, higher values are located in the upstream side of Archaean formation 

indicating the effect of leaching of secondary salts with some anthropogenic impacts. In SWM, they fall in the NW 

side and central part of the study area similar to SUM season. In NEM, factor III is well represented in the regions 

covered by sulphide ore bodies (Sivalingam, 2005) in Tertiary formation and agricultural practices. In POM, factor 

III is well represented by the lithology and structural control.  
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As the hydrogeochemical system is complex and it is not possible to delineate and reason out all possible 

mechanism controlling the water chemistry of the region. The dominant factors responsible are extracted and their 

factor scores alone are used for the representations. To study the dominant hydrogeochemical regime of the study 

area all the factor score representation were overlaid for all seasons (Fig. 9). The overlay indicates the dominant 

hydrogeochemical regimes are distributed in the upstream side, contact of lithology and along the coast. In the 

upstream side, Archaean formation is dominantly influenced by leaching process and in the central part contacts of 

lithology and structural control are the dominant factors. In the NE side, saline water intrusion into the coastal 

aquifers, anthropogenic activities from industry and agricultural practices are the major controlling factors in the 

study area.  

4.4 Ionic ratio 

Table 3 shows the variation of cations in different litho units of the study area. In Alluvium and Tertiary 

formations, Na/(Ca+Mg) ratios are >3 irrespective of seasons indicating the dominance of alkalies over alkali earth. 

In Archaean formation, ratios fall between >1 to <3 category indicating their approach towards equilibrium. Na/Cl 

ratio in Alluvium formation shows that the dominance of chloride indicates the saline water intrusion into the coastal 

aquifers (Chidambaram et al., 2005). In Tertiary, ratios fall in >1 to <3, indicating their approach towards 

equilibrium during SUM and SWM and dominance of chloride is well noted in NEM and POM seasons. In 

Archaean same trend was followed as in Alluvium, indicating the dominance of leaching process. In Alluvium 

formation, Cl/HCO3 ratio indicates most of the samples fall below 1 during SWM and NEM and between >1 to <3 

category during SUM and POM seasons indicates the impact of saline water intrusion (Prasanna et al., 2008b). In 

Tertiary formation, most of the samples irrespective of seasons fall in >1 to <3 ratio indicates the mobilization of Cl 

ions during SUM, SWM and POM seasons. In Archaean formation, most of the samples irrespective of seasons fall 

in <1 indicates the dominance of bicarbonate due to intensive weathering process. In Alluvium formation, Cl/SO4 

ratio indicates majority of samples irrespective of seasons ranges between in >1 to <3 category indicates the 

equilibrium of both ions due to the mixing of saline water composition into the groundwater. In Tertiary formation, 

ratios show lesser value indicating the dominance of sulphate due to the reduction process of sulphides present in the 

formation (Sivalingam, 2005). In Archaean formation, most of the samples irrespective of seasons fall in >3 
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indicating the dominance of Cl ions due to the leaching of secondary minerals and longer residence time in the 

aquifer matrix (Srinivasamoorthy et al., 2008). In (Ca+Mg)/HCO3 ratio samples are fall below 1 and range from >1 

to <3 categories indicating the dominance of bicarbonate and equilibrium state of both ions i.e (Ca+Mg) and HCO3. 

In Ca+Mg/TZ
+
 ratio of Alluvium formation, majority of samples irrespective of seasons shows lesser values 

indicates the dominance of total cations. In Na+K/TZ
+
 ratio, most of the samples irrespective of seasons show higher 

values indicate the dominance of alkalies. Same trend was followed by Tertiary formation. In Ca+Mg/TZ
+
 ratio of 

Archaean formation, most of the samples fall between <0.3 to >0.6 category indicating their approach towards 

equilibrium and in Na+K/TZ
+
 ratio, samples show higher values indicate the dominance of alkalies. Generally, NaCl 

is the dominant facies with a chief factor of rock water interaction was observed in the study area. Overall, the ionic 

ratios are well substantiated with the results of correlation and factor analysis. 

 5. Conclusion 

The statistical application carried out by using the correlation and the factor analysis for the samples 

analyzed indicate that Ca, Mg, Na, HCO3 and Cl in Alluvium formation; Na, K, Cl and SO4 in Tertiary and Na, K, 

Ca, Cl and HCO3 in the Archaean formation forms the spinal species and other are seasonal. It is interesting to note 

that Na is chief cation and Cl is the dominant anion in all the seasons and in the different formations studied. The Ca 

and HCO3 associations in the Alluvium and the Archaean formations reveal the variation in source rock 

composition. The factor analysis for the data generated brings out leaching of secondary salts, weathering and 

anthropogenic impacts are the dominant controlling factors in the study area. The spatial distribution of the chief 

factor scores reveals that dominant hydrogeochemical regimes are distributed along the upstream side, contact of 

lithologies and along the coast (downstream). This hydrogeochemical evolution includes dissolution and leaching of 

secondary salts in the upstream side, weathering process in the lithological contact and saline water intrusion with 

anthropogenic activities in the coastal aquifers along the downstream. This inference with the aid of statistical tools 

will enlighten the water resource managers, developers in Gadilam basin and its environs. The recent drive towards 

industrialization and the attendant urbanization means a greater demand for the quality and quantity of portable 

groundwater in the area. 
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Table caption 

1. Maximum, Minimum, Average and Standard deviation for chemical composition of groundwater (in mg/l) except 

EC in µs/cm) and pH 

2. Factor analysis for the chemical composition of groundwater 

3. Ratios of major dissolved ions in Alluvium, Tertiary and Archaean 

 

Figure caption 

1. Location map of the study area 

2. Geology and sampling location map. 

3. Correlation between the ionic species in groundwater of Alluvium formation 

4. Correlation between the ionic species in groundwater of Tertiary formation 

5. Correlation between the ionic species in groundwater of Archaean formation 

6. Spatial distribution of Factor I in groundwater. 

7. Spatial distribution of Factor II in groundwater. 

8. Spatial distribution of Factor III in groundwater. 

9. Spatial distribution of dominant hydrogeochemical regime in the study area. 
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Varimax Rotated (n=36) (SUM)  Varimax Rotated (n=36) (SWM) 

  

Factor 

1 

Factor 

2 

Factor 

3    

Factor 

1 

Factor 

2 

Factor 

3 

Cl 0.96 -0.05 0.01  Cl 0.96 0.13 0.12 

HCO3 0.66 0.40 0.34  HCO3 0.80 0.47 -0.13 

SO4 -0.06 -0.06 -0.87  SO4 -0.02 -0.10 0.65 

PO4 0.00 0.85 0.32  PO4 0.26 0.87 0.09 

H4SiO4 0.04 -0.84 0.33  H4SiO4 -0.22 0.80 0.31 

Ca 0.82 0.04 0.41  Ca 0.60 0.68 -0.12 

Mg 0.91 0.14 0.10  Mg 0.20 0.63 -0.35 

Na 0.94 0.05 -0.19  Na 0.95 -0.06 0.18 

K 0.36 0.49 0.15  K 0.26 0.25 0.74 

Eigen Values 3.88 1.86 1.33  Eigen Values 3.06 2.58 1.28 

Variance (%) 43.14 20.69 14.79  Variance (%) 33.99 28.64 14.27 

Cumulative (%) 43.14 63.84 78.63  Cumulative (%) 33.99 62.63 76.90 

         

Varimax Rotated (n=42) (NEM)  Varimax Rotated (n=42) (POM) 

  

Factor 

1 

Factor 

2 

Factor 

3    

Factor 

1 

Factor 

2 

Factor 

3 

Cl 0.98 0.10 -0.02  Cl 0.99 0.02 -0.07 

HCO3 0.29 0.77 -0.12  HCO3 0.28 0.26 0.80 

SO4 -0.19 0.68 -0.09  SO4 0.08 0.75 0.04 

PO4 -0.14 -0.16 0.73  PO4 -0.06 0.67 -0.24 

H4SiO4 0.08 0.02 0.81  H4SiO4 -0.16 -0.25 0.83 

Ca 0.95 0.00 0.02  Ca 0.88 0.06 0.11 

Mg 0.93 0.12 -0.07  Mg 0.92 -0.04 -0.08 

Na 0.80 0.51 -0.06  Na 0.92 0.24 0.22 

K 0.29 0.69 0.03  K 0.13 0.82 0.16 

Eigen Values 3.60 1.84 1.22  Eigen Values 3.57 1.88 1.48 

Variance (%) 39.94 20.46 13.56  Variance (%) 39.69 20.84 16.47 

Cumulative (%) 39.94 60.40 73.96  Cumulative (%) 39.69 60.53 77.00 

Table 2 Factor analysis for the chemical composition of groundwater. 
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