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Abstract  

Multivariate methods were used formally for interpretation of chemical data but with the advent of groundwater 

softwares for plotting hydrogeochemical data, graphical techniques that provide faster interpretation are 

gradually being preferred. Fifty water samples were collected from Dahomey basin in Southwestern Nigeria 

during dry season when dissolved constituents were at peak. Physical parameters measured were: temperature, 

pH, Ec and TDS measured using portable pH meter. Subsequently,water samples were analyzed for bicarbonate, 

chloride, sulphate, nitrate, phosphate, calcium, magnesium, sodium, potassium, iron, zinc, copper, chromium, 

cadmium, lead, arsenic, nickel, total hardness, calcium hardness, manganese, turbidity, alkalinity, oil and grease 

using APHA standard method. Graphical techniques used were bar charts, pie chart, Piper’s, Stiff, Durov, Gibbs 

diagrams and radial plots. The diagram were plotted using geochemical workbench and excel softwares. Gibbs 

diagrams, showed rock dominance of the most samples showing the influence of water/soil – water interaction. 

This suggests that the dissolved constituents could be attributed to chemical weathering of the rock forming 

minerals and atmospheric precipitation. The Piper’s diagrams revealed the hydrogeochemical  facies, types of 

water as: NaCl and Ca (HCO3) 2 water types with bicarbonate as dominant. The bar charts, pie charts, Stiff 

diagrams and radial plots showed sulphates as the lowest major ions while bicarbonate was the highest. 

Graphical techniques made it possible for large and complex data to been seen as diagrams at a glance and their 

interpretation are easily comprehended unlike the numerical interpretation that may require certain skills for 

interpretation. 
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INTRODUCTION 

Hydrogeochemical compositions of water are 

determined by chemical analyses [1]. The results 

obtained may be interpreted using statistical or 

graphical techniques. The use of graphical method 

become cumbersome when there is large and 

complex data. The use of computer software in the 

recent time for plotting and interpreting water quality 

data has made the use of graphical technique to 

become easy. Softwares such as AqQA, geochemical 

workbench, grapher, surfer and other water softwares 

made it easy to draw graphs such as pipers’ diagram, 

gibbs diagram, stiff diagram, tenary plots, ion 

balanced diagrams, durov among others. The 

principles of graphical and numerical interpretation 

of chemical analyses of water are based on the 

relationship of ions or groups of ions forming a 

chemical type of water [2].  

 

Graphical technique is one of the easiest way of 

interpreting water data, though a single graph may 

not be able to provide all information on 

concentration of ions, water composition with respect 

to rock types and chemical processes during 

circulation. A number of different graphs may 

provide such information when they are combined 

together during interpretation. The chemistry of water 

is an important factor determining its uses for 

domestic, irrigation or industrial purposes.  

Groundwater is one of the earth’s most important 

resource for human life. Groundwater quality depend 

upon the geological environment, human activity, 

natural movement, recovery and utilization [3], [4]. 

Groundwater is gaining increasing importance in the 

supply of water to rural communities in Agbabu and 

its environs since surface water are easily polluted. 

The need for water has greatly increase due to over 

abstraction of groundwater from the coastal aquifer 

resulting into seawater intrusion and deterioration of 

the groundwater quality in the study area. 

Hydrogeochemistry of Agbabu area remain poorly 

understood, despite the lack of alternative water 

sources. Saltwater intrusion and deterioration of 

groundwater quality in the study area; demands for 

comprehensive understanding of groundwater 

chemical evolution for optimum management of the 

groundwater resource. In this study, graphical method 

was used for interpretation of the hydrogeochemical 

data obtained instead of multivariate statistical 

techniques. The purpose of this graphical 

interpretation is to prove that graphical method can 

also be used for the interpretation of a very large and 

complex data because of the availability of 

groundwater softwares for plotting of diagrams. 

 

The study area lies within the latitudes 6
o
 28

1
 N and 

6
o
 37

1
N and Longitudes 4

o 
32

1
E and 4

o 
53

1
E of the 

Green winch Meridian (Figure 1). The Elevation 
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ranged between 50 and 250 m above the sea level 

.The study area has a tropical climate. There are 2 

distinct seasons, the wet and dry seasons. Wet season 

normally commences from April to October while the 

dry season from November and ends in March. The 

annual rainfall ranged between 1000 and 1500 mm. 

 

 
Figure 1: Location map of the study Area 

The study area lies on the central part of the 

Dahomey sedimentary basin and is underlain by 

clastic sediment which rest unconformably on the 

crystalline Basement Complex. Omosuyi [5] 

identified the predominant rock types as shales, and 

sandstones and minor rocks as limestones and 

unconsolidated sediment with age range of Albian to 

recent. Omotsola and Adegoke [6] proposed that 

Dahomey basin comprises of horst and graben and 

are filled with Ise, Afowo and Araromi Formation 

gently dipping cretaceous Formation.  Stratigraphic 

sequence is shown in Table 1 below.  

 

Groundwater in the coastal aquifers suffers from 

seawater intrusion due to over abstraction and water 

quality degradation as a result of urbanization and 

agricultural practices [7], [8], [9], [10], [11], [12], 

13]. 

 

 

Table 1:  Summary of the Stratigraphy in Dahomey Basin  
Age  Stratigraphy  Lithology  

Recent  Alluvial deposit Benin formation  Sands, Clay lenses, Lignite, Shale  

Oligocene  Ijebu/Ogwashi-Asaba formation  Sands, Limestone, Bituminous sands  

Eocene  Ilaro formation  Sandstone  

 Ofosun formation/ Ameku 

formation   

Sandstone, Mudstones, Glauconites, Glauconites and 

Phosphates  

Paleocene Akinbo formation  Shales, Fossilliferous Shales 

  Limestone, Quartzs, Glauconites  

Maestrictian  Araromi formation  Sand, Shales, Siltstone Limestone, Bituminous sands 

Turorian  Afowo formation  Sandstones, Shales, Siltstones, Clay 

Barrenian  Ise formation  Sands, Guts,  Siltstone  

Precambrian  Basement complex   

Source: Omotshola and Adegoke 1981 

 
Figure 2: Sampling points in the study area 

 

 

MATERIALS AND METHOD 

A total of fifty water samples were collected from the 

streams, hand dug wells and boreholes from the study 

area. Two litres of water samples were collected 

using polythene bottles in the month of March, the 

end of dry season. Water sampling points were 

located using Global Positioning System (GPS). 

Twenty seven physico‐chemical analyses were 

determined using the established method of analyses 

[14].  PH, EC, TDS, and temperature were measured 

in the field using pH 2603. Bicarbonate, sulphate
-
, 

chloride, phosphate, nitrate, total hardness, alkalinity, 

turbidity, calcium, oil and grease and magnesium 

were determined by wet analyses. Cadmium, lead, 

chromium, copper, iron, zinc, manganese were 

determined by Atomic Absorption Spectrophotometer 

while sodium and potassium were determined by 

flame photometric methods 

 

RESULTS AND DISCUSSION 

Types of Graphical Techniques 

Graphical techniques used in the interpretation of the 

hydrogeochemical data in this study includes gibbs 
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diagram, bar charts, pipers diagrams, stiff diagrams 

among others. These diagrams are visual display of 

the data for quick assessment of the data obtained 

during analyses. 

 

Gibbs’ Diagrams  

Gibbs [15] designed a diagram to interpret the 

relationship between the chemical component of 

waters and their respective aquifer lithologies. The 

Gibbs diagram has three distinct fields, namely 

precipitation, evaporation and rock dominance fields.  

For this study, the Gibbs ratio I,   Cl
-
 /(Cl

-
 + HCO3

-
) 

for anions and ratio II, Na
+
 / (Na

+
 + Ca

2+
) for cations 

of water samples were plotted separately against the 

respective values of the  total dissolved solids (TDS). 

The purpose was to understand the processes and 

mechanism responsible for the modification of the 

surface and groundwater chemistry.  The ratio I and 

ratio II diagram for both surface water and 

groundwater in the study area indicated the rock 

types and their weathered products have significantly 

contributed to the modification of the water 

chemistry. Gibbs plots indicate rock dominance of 

greater percentage and the rest as precipitation 

(Figures 3 and 4). 

  

Rock dominance of the most samples in ratio I and II 

was caused by the interaction between the chemistry 

of aquifer rocks and groundwater and soil and surface 

water in the study area. This suggests that the 

dissolved constituents of the surface and groundwater 

could be attributed to chemical weathering of the 

rock forming minerals and atmospheric precipitation. 

Evaporation concentrates the remaining water and 

lead to precipitation and deposition of evaporate that 

are eventually leached in to the saturated zone.  

 
Figure 3: Gibbs [15] diagrams for groundwater in dry 

season. 

 
Figure 4: Gibbs [15] diagrams for surface water in 

dry season. 

 

Piper’s Tri-Linear Diagrams   

Piper [16] diagrams are drawn by plotting the 

proportion of the major cations on one triangular 

diagram, the proportions of the major anions on 

another and combining the information from the two 

triangles on a quadrilateral [17]. The main drawback 

that piper diagrams have is that plotting show 

chemical character of a groundwater according to the 

relative concentration of its constituents, instead of 

absolute concentration (Figures 5 and 6).   

 

Chemical data of representative samples from the 

study area are presented by plotting them on piper 

diagrams (Figures 5 and 6). Pipers diagram were 

plotted to identify different water types in the study 

area. The water types were studied to understand the 

geochemical processes responsible for the evolution 

of the water types. 

  

These diagrams revealed the analogies of water types 

in the study area. Based on the hydrogeochemical 

facies, types of water that predominates in the study 

area during both seasons of the year are:  NaCl and 

Ca (HCO3)2 water types. It indicates the dominance 

of Ca
2+

 in the cations and interplay of HCO3
-
 and Cl- 

in anions. From the plot alkali (Na
+
 and K

+
) exceeds 

the alkaline earths (Mg
2+

 and Ca
2+

) and strong acid 

Cl
-
 exceeds weak acids (HCO3

-
 and SO4

2-
)

 .
 The water 

composition was controlled by the interaction of the 

water and with relatively highly permeable fine to 

coarse grained alluvial sediment underlying the 

surface water and geologic formation along the flow 

path of the groundwater in the study area. The Ca 

(HCO3)2 water reflect carbonate weathering in the 

sedimentary sequence rich in dolomite and calcite. 

The results also indicate deep groundwater was more 

mineralized when compared with both shallow 

groundwater and surface water. The low 
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concentration of sulphate in the groundwater reflects 

a lack of mineralogical sources for this solute and 

atmospheric sources may be responsible for the 

presence of sulphate ion in the groundwater. Na
+
/ 

Ca
2+

 ratios varies between 0 and 8.1 and increase 

toward the coast which indicate cation exchange 

process whereby there was an exchange between Na
+
 

and K
+
 in groundwater with Mg

2+
 or Ca

2+
 in the 

aquifer material, The chief function of pipers diagram 

was to identify the facies of groundwater and 

hydrogeochemical processes along the flow path. 

 

Figure 5: Pipers (1944) tri – linear diagram for 

groundwater in dry season 

 

 
Figure 6: Pipers (1944) tri – linear diagram for 

surface water in dry season 

 

Bar Charts 

The mean concentrations of the major ions for 

surface water and groundwater are plotted in bar 

charts in Figures 7 and 8 respectively.  From the bar 

charts, bicarbonate indicates the highest mean 

concentration and then chloride, sodium, potassium, 

calcium, magnesium and sulphate respectively. The 

bar charts for both surface water and groundwater 

shows similar trend. Sulphates was the lowest major 

ions, while bicarbonate was the highest. 

 

Figure 7: Surface water major ions bar charts in dry 

season 

 

Figure 8: Groundwater major ions bar charts in dry 

season 

 

Pie Charts 

Pie charts were used to plot the mean concentration 

ratio of the major ions for surface water and 

groundwater samples in the study area. The purpose 

of the pie chart was to compare concentration ratio of 

the major ions as shown in Figures 9 and 10. 

 
 Figure 9: Pie chart of mean concentration of the 

major ions in groundwater (dry) 
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Figure 10: Pie chart of mean concentration of the 

major ions in surface water (dry) 

 

Radial Plots 

Radial plots were used for comparing the 

concentrations of major ions of surface water to that 

of groundwater. Bicarbonate has the highest mean 

concentration in both the surface and groundwater 

samples (Figures 11 and 12) 

 
Figure 11: Radial plot for surface water in dry season 

 
Figure 12: Radial plot for groundwater in dry season 

 

Stiff Diagrams 

Stiff [18] proposed plotting of four cations 

concentrations to the left of the vertical zero axis and 

four anions to the right, all value are in milli 

equivalent per liter. The resulting point, when 

connected form an irregular polygonal pattern, waters 

of a similar quality define a distinctive shape from 

other of different quality.  The mean of the major 

ions concentrations were used for plotting of the stiff 

diagrams. The shapes formed identify samples with 

similar composition as shown in Figures 13 and 14.  

 
Figure 13: Stiff diagram for surface water in dry 

season 

 
Figure 14: Stiff diagram for groundwater in dry 

season 

 

Durov Diagrams 

Durov diagrams plot major ions as percentages of 

milli – equivalents in two base triangles. Total anions 

and the total cations were set equal to 100% and the 

data points in the two triangles were projected onto a 

square grid that lies perpendicular to the third axis in 

each triangle. The main purpose was to show 

clustering of data points to indicate samples that have 

similar composition. The Durov diagrams for this 

study area are shown in Figures 15 and 16. 

 
Figure 15: Durov diagram for surface water in dry 

season 
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Figure 16: Durov diagram for groundwater in dry 

season 

 

Line Graphs 

The mean concentration for the dry season for 27 

measured Physico –chemical parameters in 

groundwater and surface water in the study area is 

shown in Figures 17, the TDS values for both surface 

water and groundwater indicates highest 

concentration. The mean concentration of the heavy 

metals such as Zn
2+

, Fe, Cr
6+,

 Pb
2+

, Cd
2+,

 As
3+

, Ni
2+

, 

Cu
2+

 and Mn
2+

 were relatively low when compared 

with other measured physico - chemical parameters 

 

 
Figure 17: Line graph for surface water and 

groundwater physico – chemical parameters 

 

Ion Balance Diagrams 

The ion balance diagrams are shown in Figures 18 

and 19. These show the equilibrium state of the water 

in the study area. This indicated that the cations and 

anions are not at equilibrium with each other. 

 

 
Figure 18: ionic diagram for surface water 

 
Figure 19: Ionic diagram for groundwater 

 

CONCLUSIONS 

This paper presents some simple and effective ways 

in which hydrogeochemical data and related 

information can be displayed. The graphical 

techniques employed  includes gibbs diagrams, pipers 

tri - linear, bar charts, pie charts, radial plots, stiff 

diagrams, durov and ion balance diagrams.Graphical 

techniques is visual and is easy to interpreted. The 

use of water softwares has eliminates the 

cumbersomeness of drawing various diagrams or 

graphs required for water quality data with hands. 

This conventional method of water quality 

interpretation is as effective and efficient as 

numerical method of interpretation. Graphical 

techniques made it possible for large and complex 

data to been seen as diagrams at a glance and their 

interpretation are easily comprehended unlike the 

numerical interpretation that may require certain 

skills for a specific interpretation of the data output. 

From Gibbs diagrams, the chemical evolution of 

groundwater in the study area can be attributed to 

water – rock interaction,  radial plots, stiff  and ionic 

balance diagram showed that the water samples are 

not at equilibrium since there are more anions than 

cations in the water samples in the study area. 
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