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ABSTRACT  

This study aims to investigate the hydrogeochemical processes 
controlling groundwater chemistry from the basement aquifer 
of Peripheral areas of the Niamey region and to assess its 
quality for drinking. Therefore, 9 groundwater samples were 
taken in the right and left bank of Niger river ın the Niamey 
region and for these samples the physical parameters (TDS, pH 
and EC)), major ions (SO42-, CO3-, Cl-, HCO3-, Mg2+, Na+, K+, Ca2+) 
and water pollution parameters such as NH4+, NO2-, NO3- values 
were determined. Principal component analysis method, Piper, 
Shoeller and Chadha diagrams were used to determine the key 
hydrogeochemical process controlling the groundwater 
chemistry basement aquifer of Peripheral areas of the Niamey 
region. To evaluate the quality of water for drinking, water 
quality index method was used and the physico-chemical 
parameters were compared with the standards guideline 
values recommended by the World Health Organization. 
Principal component analysis showed that rock-water 
interaction is the main factor that impact the groundwater 
chemistry in the study area. According to Water quality index 
most of water samples are suitable for drinking. According to 
Piper diagram, calcium-magnesium bicarbonate 
facies (CaMgHCO3) and calcium chloro-sulfate (CaSO4Cl) facies 
are the most widespread in the study area. According to this 
diagram, four water facies were observed in the study area 
which are CaHCO3, Ca-Mg-Cl, NaCl and NaHCO3. Schoeller 
diagram showed that in the majority of the samples, the cations 
sequence of groundwater samples is rMg2+ > rCa2+ > r (Na+ + 
K+) and the anions sequence is r(HCO3 -+ CO3-) > rSO42-> rCl- >r 
NO3-. 
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1. INTRODUCTION 

The drinking water problem is acute in most countries of West Africa. The rainfall deficit due to 

insufficient and irregular rains remains one of the main causes of the water problem in these 

countries. In fact, in the Sahelian zones and particularly in the basement regions of southwestern 

of Niger, groundwater resources are increasingly faced with qualitative and quantitative 

degradation due to climatic and anthropogenic actions. In general, groundwater chemistry in 

crystalline basement aquifers is linked to the mineralogical composition of the bedrock and to the 

various weathering processes that affect it [1]. In the basement regions of southwestern of Niger 

characterized by a semi-arid climate, fissured aquifers remain the only recourse points during the 

long dry seasons [2]. In the basement area, groundwater often collects in the upper layers and or 

circulates along privileged conduits, which are essentially cracks or faults [3]. This situation 

makes it difficult to supply drinking water in quantity and quality in these regions. The difficulty 

of providing a water supply in a quantitative and qualitative manner for these populations living 

in the basement areas constitutes one of the primary constraints to the economic and social 

development of these regions [4]. 

Many types of researches have been realized throughout the world to determine the main 

hydrogeochemical processes controlling groundwater quality in crystalline basement aquifers in 

semi-arid regions. The work carried out by [5] in Bomboré gold mineralized zone of Burkina 

Faso highlighted that the weathering of carbonate and silicate minerals from metasedimentary 

bedrock is the main factor controlling groundwater chemistry in this region. The highs 

concentrations of NO3
- and SO4

- in some wells are caused by the low recharge rates and chemical 

weathering of sulfide minerals in this region. In addition, most of groundwater samples of this 

region were not suitable for drinking due to the highs concentration of Fe, As and Pb. In 

Burundi, the work realized by [6] to determine the hydrogeochemical evolution of groundwater 

in Precambrian basement aquifers of Bugesera region demonstrated that the aluminosilicates 

weathering is the main factor controlling the hydrogeochemical evolution of groundwater. The 

presence of NaSO4, NaNO3, KNO3 and CaNO3 facies indicated the harmful influence of 

anthropic activities on groundwater quality of this region. The work carried out in Tanzania by 

[7] to assess the groundwater geochemistry of fractured crystalline aquifer of Dodoma indicated 

that the groundwater chemistry of this area is mainly linked to the dissolution of sodic feldspars 
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and amphiboles, the cation exchange and salt leaching. The quality of water in this region was 

affected by the process of nitrification of wastewater effluents which is the main sources of high 

nitrate concentration in some wells. In Nigeria the work realized by [8] to assess the 

hydrogeochemical process of groundwater in basement aquifer of Moro highlighted that the 

contribution of precipitation to the ionic inputs in the groundwater, the weathering and 

dissolution processes are the mainly factor controlling the groundwater chemistry of this region. 

In the region of Niamey located in the southwest of Niger, the drinking water supply to the 

population is provided mainly by water from the Niger River. However, in most of the peripheral 

villages of this region, the basement aquifers are the main source of water for the rural 

population. These aquifers which have a limited extent and that quality remains to be desired 

depending on precipitation and very often run out during the dry season. The works carried out 

by [9], [10] and [11] in this region highlighted a deterioration of the quality of groundwater in 

this region caused by high nitrogen and bacteriological pollution which make the water unfit for 

consumption. 

The purpose of this study is to investigate the hydrogeochemical processes controlling 

groundwater chemistry from basement aquifer of Peripheral areas of the Niamey region and to 

assess its quality for drinking. 

2. MATERIALS AND METHODS 

2.1. Study Area 

The region of Niamey is located in the southwest of Niger between the parallels 13 ° 28 ’and 13 

° 35’ north latitude and the meridians 02 ° 03 ’and 02 ° 12’ east longitude. It covers an area of 

239 km2. This region is located to the north by the municipalities of Karma and Hamdallaye, to 

the east by the municipalities of Liboré and Hamdallaye, to the south by the municipalities of 

Liboré and Bitinkodji and to the west by the municipality of Bitinkodji. The Niger River divides 

Niamey into two distinct parts (right bank and left bank) and two bridges currently connect the 

two banks. Most of the population is located on the left bank which totals 4 of the 5 districts of 

Niamey while the 5th district occupies the right bank (Figure 1). The climate of this region falls 

within the regional framework of that of the Sahelian tropical strip. In the Niamey region, more 

than a third of precipitation falls with an intensity greater than 50 mm.h-1, and more than half of 
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the annual rainfall total falls in less than 5 hours [12]. The annual average temperature of this 

region is 29°C. The maximum temperature recorded during the day can reach 45°C in the shade 

at the end of the dry season (in April). As part of this work, groundwater samples were taken 

from wells located on the right and left banks of the Niger River.  

 

Figure No. 1: study area 

The geological context of the Niamey region is characterized by three main types of formations 

which are the formations of the Meta-Liptako basement, the Sandstone of the Terminal 

Continental, and the Alluviums of the Niger River. The Meta-Liptako basement is the deepest 

geological formation in the region. This formation of the lower Proterozoic age belongs to the 

Birimian province of West Africa. It is composed of altered plutonic (granites, granulites) and 

metamorphic (gneiss, quartzites, schists) rocks. The Sandstone of Continental Terminal (CT) 

Formation, probably of Mid-Pliocene age is the youngest formation in the Iullemmeden basin 

[13]. In the region of Niamey, the Sandstone of Continental Terminal (CT) Formation 

corresponds to CT3 Formation [14] with a middle Eocene to Pliocene age. It consists of an 

alternation of more or less clayey sandstone and versicolored clays with intercalations of levels 
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of ferruginous oolites and rests directly on the Birrimian basement of Liptako, or locally, on the 

sandstones of the Upper Proterozoic [15]. The alluviums of the Niger River are composed of 

loosely compacted sand (Figure 2). These formations are described as undifferentiated alluvium 

and valley bottom colluvium. They are the product of quaternary fluvial sedimentation of the 

Niger River, especially during its high water. 

 

Figure No. 2: Geology of study area 

2.2. Sampling and Analytical Methods 

For this purpose, 9 groundwater samples were taken in the study area and for these samples the 

physical parameters (TDS, pH and EC)), major ions (SO4
2-, CO3

-, Cl-, HCO3
-, Mg2+, Na+, K+, 

Ca2+) and water pollution parameters such as NH4
+, NO2

-, NO3
- values were determined. The 

coordinates of sampling points were taken and recorded by using the Global Positioning System 

(GPS) device. The physical parameters of collected samples were determined in situ by using 

HQD-Meter. The analysis of the physical and chemical parameters of groundwater samples was 

carried out at the chemical analysis laboratory of the AGRHYMET regional center of Niamey. 

The concentration of HCO3
- and CO3

- were determined by using titration method. The atomic 
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absorption spectrometry method was used to determine the concentrations of Na+, Ca2+, K+, 

Mg2+ while NH4
+. NO2

-, NO3
- SO4

2- and Cl- analyses were carried out by using ion 

chromatography method.  

In this study Piper diagram [16] and the Chadha diagram were used to determine the 

hydrochemical process that controls the groundwater chemistry in the study area. 

To evaluate the quality of water for drinking, the physicochemical parameters of collected 

samples from the study area were compared with the standards guideline values recommended 

by the World Health Organization [17]. Then in this study, the weighted arithmetic water quality 

index method was used to classify groundwater samples according to its quality. The 

determination of Water Quality Index (WQI) is one of the methods used to assess the suitability 

of water for drinking [18]. The main advantage of this method is that it reduces the many 

physico-chemical parameters of water to a single number [19]. This method has the additional 

advantage of providing information to the concerned policymakers about the water quality of 

status of region [20]; [18]. For this study the weighted arithmetic WQI values were determined 

according to the following procedure:  

In the first step, physicochemical parameters which will be used for WQI calculation were 

selected according to the WHO standards for drinking water. For this study the parameters 

considered for the calculation of the WQI are T, pH, TDS, Mg2+, Na+, NH4
+, K+, Ca2+, SO4

2-, Cl-, 

HCO3
-, NO2

- and NO3
-. In the second step, a weighted value (wi) is allocated for each selected 

parameter according to its perceived effects on health and its relative importance in terms of 

drinking water quality following WHO requirements. The values of different assigned weights 

vary between 1 and 5 depending on the importance of each considered parameter in determining 

of the water quality for drinking. In the third step, the relative weight of each parameter was 

calculated by using the following Eq. 1. 

1

i
i n

i

i

w
W

w
=

=


                                                                                                                                        

(1) 
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Where wi represents the assigned weight value for each parameter, Wi indicates the relative 

weight and n the total number of considered parameters. 

The assigned weight values and relative weight values, the World Health Organization guideline 

and the relative weight (W) of each parameter considered in determining of the water quality 

index are given in Table 1. In this study, due to their importance for water quality 5 weighted 

values can be allocated to NH4, NO3, NO2, TDS, Cl and SO4 [21]; [18]. 

In the next phase, the quality-rating scale (Qi) value of each parameter was determined by using 

the following Eq. 2. 

( )
*100

( )

i i

i i

C V
Qi

S V

−
=

−
                                                                                                                   

(2) 

Where Ci represents the estimated concentration value of each parameter, Si represents the 

recommended value according to the WHO standards for the quality of drinking water. Except 

for pH where it is equal to 7, the value of Vi is considered as zero for all other parameters [22]; 

[18]. 

In the fifth step, the sub-index value of each parameter is determined according to the following 

Eq.  3. 

*i i iSI Q W=                                                                                                                                                          

(3) 

Finally, the Water Quality Index (WQI) for each station is calculated according to the following 

Eq. 4. 

1

n

i

i

WQI SI
=

=
                                                                                                                                    

(4) 

Multivariate analysis methods (Principal Component Analysis (PCA) method, Hierarchical 

Cluster Analysis (HCA) method and correlation analysis) were also used in this study for to 

examine the relationship between the hydrogeochemical parameters of samples and for to 

determine the main source of these parameters. Since almost all of the data collected in the study 
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area does not have a normal distribution, the Spearman correlation analysis method was used to 

determine the relationships between the physical and chemical parameters of the groundwater 

sample collected in the study area. When the correlation coefficient is close to 0, there is no 

relationship between the variables. When this value is greater than 0,7 there is a strong 

correlation between the variables, when this value varies between 0,5 and 0,7 there is then a 

moderate correlation between the variables. A very high value (r = +1 or = -1) of the correlation 

coefficient reflects a strong relationship between the variables [23]; [24].  

Principal component analysis used in this study is one of the most used multivariate statistical 

analysis methods. This method is used to measure and explain the relationships between many 

variables [25]. The main objective of the principal component analysis method is to reduce the 

large number of variables under a smaller number of components [18]. Cluster analysis is a 

multivariate statistical method that is used to classify objects into group based on their similarity. 

The use of this method in geology and hydrogeology is recent. This method is therefore 

commonly used to analyze the hydrochemical data of water and complements the principal 

component analysis method [18]. 

Table No 1: Assigned weight and relative weight of physicochemical parameters 

Parameters  WHO (2011) Weight (wi) Relative weight (W) 

Ca2+ 75 3 0,071428571 

Mg+ 50 3 0,071428571 

Na+ 200 4 0,095238095 

K+ 12 2 0,047619048 

Cl- 250 5 0,119047619 

HCO3
- 120 1 0,023809524 

SO4
2- 250 5 0,119047619 

NO3
- 50 5 0,119047619 

NO2
- 0,5 5 0,119047619 

pH    6,5 - 8,5 4 0,095238095 

EC 2500 5 0,119047619 

  ∑wi = 42 ∑Wi = 1 
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3. RESULTS AND DISCUSSSIONS 

3.1 Groundwater suitability for drinking and Water Quality index 

The Table 2 indicates the descriptive statistical analyses results of physico-chemical parameters 

of samples collected in the study area. The pH values varied from 6,90 to 7,5 with an average of 

7,22. These pH values corroborate with those obtained by [26] on the aquifers of fissured 

horizon of the basement of the Niamey region where slightly acidic to neutral waters were 

observed. The pH values of all water samples were within permitted limit prescribed by [17]. 

The EC values ranged between 86 and 300 µS/cm with mean value of 154,33 µS/cm. According 

to WHO, all water samples were found within the acceptable limit of 2500 µS/cm. The Ca2+, 

Mg2+ and K+ values are respectively between 5 – 24,68 mg/L, 3 – 16,56 mg/L and 1 – 2 mg/L. 

The concentrations of sodium varied from 1 to 4 mg/L with an average of 2,18 mg/L. The Na+ 

values of all water samples fall within the WHO guidelines of 200 mg/L. The SO4
2-

 content 

varies from 2 to 35 mg/L with mean value of 13,11 mg/L. Based on SO4
2- values, all 

groundwater samples were within the permissible limit prescribed by WHO guidelines. The 

concentrations of Cl- are between 1 and 6 mg/L with an average value of 3,39 mg/L. Based on 

World Health Organization guidelines, all samples were suitable for drinking. The HCO3
- values 

ranged from 25 to 105 mg/L with an average value of 44,22 mg/L. The concentrations of NO2
- 

varied between 0,02 and 1,15 mg/L with average value of 0,36 mg/L. According to WHO, 

excepted water samples from well number GW1, all water samples were found within the 

acceptable limit of 0,5 mg/L. The NO3
- values varied between 1,11 and 5,74 mg/L with a mean 

value of 3,21 mg/L. According to WHO guidelines, all water samples were found within the 

acceptable limit of 50 mg/L. 
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Table No 2 : Descriptive statistics for physicochemical parameters 

Parameters Minimum Maximum Mean 
Std. 

Deviation 

Ca2+ 5,00 24,68 10,01 6,15 

Mg2+ 3,00 16,56 7,05 4,46 

Na+ 1,00 4,00 2,18 0,87 

K+ 1,00 2,00 1,22 0,44 

Cl- 1,50 6,00 3,39 1,32 

SO4
2- 2,00 35,00 13,11 10,80 

HCO3
- 25,00 105,00 44,22 25,96 

NO3
- 1,11 5,74 3,21 1,43 

NO2
- 0,02 1,15 0,24 0,36 

EC 86,00 300,00 154,33 73,11 

pH 6,90 7,50 7,22 0,20 

T 30,90 31,90 31,27 0,35 

The WQI values of collected groundwater samples are between 6,94 and 43,41 with an average 

of 21,80 (Table 3). The lowest value of WQI was observed in well number GW8 located in the 

right bank of Niger river. The highest values of WQI were observed in wells number GW1 

located in left bank of Niger river. The Table 4 indicates the classification of water according to 

the water quality index values [27]. According to this classification all groundwater samples of 

study area fall in excellent water category class. 
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Table No. 3: The WQI values of the different water samples 

Well 

number 

WQI 

=∑Sıi 

Water 

class 

GW1 43,41 Excellent 

GW2 22,31 Excellent 

GW3 40,38 Excellent 

GW4 15,31 Excellent 

GW5 13,20 Excellent 

GW6 10,35 Excellent 

GW7 33,03 Excellent 

GW8 6,94 Excellent 

GW9 11,26 Excellent 

Max 43,41 

Min 6,94 

Mean 21,80 

Table No. 4: Classification of water according to the WQI 

WQI 

level 
Water type 

< 50 Excellent 

50-100 Good 

100-200 Poor 

200-300 Very poor 

> 300 
Inadequate for 

drinking 
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3.2. Hydrochemical Parameters of Groundwater Samples 

3.2.1 Statistical analyzes 

3.2.1.1 Correlation Analysis 

The correlation coefficient matrices for physical and chemical parameters of groundwater 

samples collected in the study area are presented in Table 5. According to this table, strong 

correlation value was observed between Ca and Mg (0,979), Ca and K (0,881), Ca and HCO3 

(0,975), Mg and K (0,918), Mg and HCO3 (0,956), Mg and EC (0,982), Na and Cl (0,998), K and 

HCO3 (0,912), K and EC (0,963), HOC3 and EC (0,964), HCO3 and pH (0,812) EC and pH 

(0,851). This strong correlation observed between Ca, Mg, K and HCO3 indicated that these ions 

have the same origin. These ions could all come from the incongruous dissolution of silicate 

minerals in the study area [26]. Moderate correlations were observed between Ca and Na+ 

(0,775), Ca2+ and Cl- (0,732), Ca2+ and SO4
2- (0,644), Ca2+ and pH (0,751), Mg2+ and Na+ 

(0,706), Mg2+ and Cl- (0,661), Mg2+ and SO4
2- (0,523), Mg2+ and pH (0,781), Na+ and K+ 

(0,729), Na+ and Cl- (0,681), Na+ and SO4
2- (0,681), Na+ and HCO3

- (0,747), Na+ and EC 

(0,674), K+ and Cl- (0,693), K+ and pH (0,782), Cl- and SO4
2-

 (0,669), Cl- and HCO3
- (0,701), 

NO3
- and T (0,607) and NO2

- and T (0,620).  

Table No. 5: Spearman correlation analysis results 

 Ca2+ Mg2+ Na+ K+ Cl- SO4
2- HCO3

- NO3
- NO2

- EC pH T 

Ca2+ 1 0,979 0,775 0,881 0,732 0,644 0,975 0,012 0,099 0,953 0,751 -0,145 

Mg2+ 0,979 1 0,706 0,918 0,661 0,523 0,956 0,107 0,167 0,982 0,781 -0,056 

Na+ 0,775 0,706 1 0,729 0,998 0,681 0,747 ,056 -,014 0,674 ,395 -,375 

K+ 0,881 0,918 0,729 1 0,693 0,335 0,912 0,039 -0,017 0,963 0,782 -0,187 

Cl- 0,732 0,661 0,998 0,693 1 0,669 0,701 0,081 -0,010 0,628 0,351 -0,371 

SO4
2- 0,644 0,523 0,681 0,335 0,669 1 0,557 0,039 0,073 0,441 0,346 -0,202 

HCO3
- 0,975 0,956 0,747 0,912 0,701 0,557 1 -0,163 0,060 0,964 0,812 -0,244 

NO3
- 0,012 0,107 0,056 0,039 0,081 0,039 -0,163 1 0,314 0,029 -0,104 0,607 

NO2
- 0,099 0,167 -0,014 -0,017 -0,010 0,073 0,060 0,314 1 0,104 0,260 0,620 

EC 0,953 0,982 0,674 0,963 0,628 0,441 0,964 0,029 0,104 1 0,851 -0,086 

pH 0,751 0,781 0,395 0,782 0,351 0,346 0,812 -0,104 0,260 0,851 1 0,076 

T -0,145 -0,056 -0,375 -0,187 -0,371 -0,202 -0,244 0,607 0,620 -0,086 ,076 1 
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3.2.1.2 Principal Components Analysis and R-mode Hierarchical Cluster Analysis 

As part of this study principal component analysis and hierarchical cluster analysis methods have 

been used using the variables such as calcium, nitrate, magnesium, nitrite, potassium, sodium, 

bicarbonate, chloride, sulfate, pH, temperature and electrical conductivity. 

The rotated factor loading values, the proportion of total variance of each component and their 

eigenvalues were summarized in Table 6.  

According to Table 6, three principal factors with eigenvalues greater than one have been 

formed. These three factors alone explain 87,18 % of the total variance. Factor 1 accounts for 

58,577%, Factor 2 accounts 17,91 % and Factor 3 accounts 10,698 % of the total variance (Table 

6). These three principal components can help to determine the principal sources of 

hydrochemistry of groundwater in the study area. The spatial distribution of principal 

components is given in Fig. 3. According to Table 6 and Figure 3, the Factor 1 which represents 

58,577 % of total variance is mainly linked with strong positive loading of pH (0,935), EC 

(0,935), EC (0,933), HCO3 (0,898), Mg (0,879), K (0,867) and Ca (0,834). The elements which 

define this factor come from a long period of dissolution following the water-rock contact. The 

abundance of Ca, Mg, K and HCO3 ions in basement aquifer of study area is confirmed by 

several studies carried out in West Africa [2]; [28]. These elements come from the hydrolysis of 

the minerals present in the rocks which constitute the reservoirs. Indeed, hydrolysis being a slow 

process, the factor 1 represents the phenomenon of mineralization-residence time. The presence 

in this group of the majority of variables supported by mineralization, shows the influence of 

alteration-hydrolysis in the dissolution of ions [29]. The higher levels of Ca compared to Na+ 

observed in the groundwater samples of the study area indicate that these ions which constitute 

factor 1 come mainly from the hydrolysis of calcium plagioclases such as anorthite. Theses 

Calcium plagioclases such as anorthite appear to be the dominant feldspars in rocks in the area 

[26]. The score plot of the water samples (Fig. 4) showed that the samples which are more 

influenced by Factor 1 are wells number GW3 and GW7. The Factor 2 which represents 17,91 % 

of total variance is principally connected with positive high loading of Cl (0,884), Na (0,866) and 

moderate loading of SO4 (0,762). The Cl, Na and SO4 observed in this group could be due to 

anthropic activities that taking place in the region of Niamey. In addition to anthropogenic 

activities the accumulation of these ions can be due to the process of intense evaporation which 
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could result in the concentration of these ions in the crystalline basement aquifers [26]. The work 

carried out by [30] to assess the hydrogeochemistry of groundwater in Air crystalline aquifer 

suggested that the presence of Cl and SO4 in crystalline basement aquifer could be explained by 

the volcanic activities in the Air, likely to release chlorine and sulfides. The score plot of the 

water samples (Fig. 4) showed that the samples which are more influenced by Factor 2 are 

groundwater samples from stations number GW3, GW9 and GW6. The Factor 3 which 

represents 10,698 % of total variance is associated with strong positive loading of T (0,895), NO3 

(0,801) and moderate loading of NO2 (0,764). The presence of NO2 and NO3 in this factor 

indicates the pollution of groundwater caused by anthropogenic activities that take place in the 

study area. The score plot of the water samples (Fig. 4) showed that the samples which are more 

influenced by Factor 3 are groundwater samples from stations number GW1 and GW2.  The R-

mode cluster analysis result that was realized in this study to determine the association of 

physico-chemical parameters based on their similarities and sources is given in Figure 5. 

According to the result of this R-mode cluster analysis, 3 principal groups of variables were 

formed. The first group includes Na, Cl and SO4; the second group consists of Mg, EC, Ca, 

HCO3, K and pH; and the third group includes T, NO3 and NO2. This R-mode cluster analysis 

method results confirm the results obtained in principal component analysis method where the 

same groups were observed. 
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Table No. 6: Rotated factor loading, total variance explained and eigenvalues of each factor 

 
Component 

1 2 3 

pH 0,935 0,008 0,094 

EC 0,933 0,329 0,031 

HCO3
- 0,898 0,407 -0,126 

Mg2+ 0,879 0,420 0,106 

K+ 0,867 0,371 -0,059 

Ca2+ 0,834 0,514 0,012 

Cl- 0,376 0,884 -0,092 

Na+ 0,431 0,866 -0,105 

SO4
2- 0,252 0,762 0,019 

T -0,007 -0,325 0,895 

NO3
- -0,162 0,279 0,801 

NO2
- 0,183 -0,076 0,764 

Eigenvalues 7,029 2,149 1,284 

% of variance 58,577 17,910 10,698 
 

 

Figure No. 3: Spatial distribution of principal components 
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Figure No. 4: score plot of different water samples 

 

Figure No. 5: Dendogram of R-mode cluster analysis result 

3.2.2 Piper, Shoeller and Chadha Diagrams 

Piper classification diagram used in this study to determine the hydrochemical facies that control 

groundwater illustrated two different water types in the study area, which are calcium-

magnesium bicarbonate facies (CaMgHCO3) and calcium-chloro-sulfate (CaSO4Cl) (Figure 6). 

The CaMgHCO3 water type, which is dominant in the study area, represents around 78% of 
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analyzed samples. This result is in agreement with that of several authors who have worked in 

West Africa and all of which have come to the conclusion that the bicarbonate facies is the most 

represented in basement aquifer waters [2]; [28]; [31]; [32]. The abundance in the study area of 

this water type that is characterized by the dominance of Ca and HCO3 ions reveals a strong 

carbonate rock-water interaction and strong recharge process.  The dominance of the bicarbonate 

facies in basement waters can be traced back to the origin of the production of bicarbonate ions. 

In fact, bicarbonates are mainly produced by the alteration of silicates during the acquisition of 

the saline load of water in the aeration zone [33]. The predominance of the calcium-magnesium 

bicarbonate facies indicates a homogeneous character to the waters of the study area. Indeed, the 

precambrian basement under Niamey region is mainly formed with granitoids (mainly granites 

and granito-gneiss), paraderivate schists (sericite-schists), metabasites (metabasalts) and 

amphibolites. Granitoids occupy the south-eastern half of the Niamey map while schists occupy 

the other half with a low proportion of metabasites. The alteration of silicate minerals of granites 

gives new silicate minerals, often of the clay family such as montmorillonite (smectite family) 

and kaolinite with the dissolution of Ca2+, Mg2+, Na+, K+ [26]. 

The calcium chloro-sulfate water types represent 22% of analyzed samples and were observed in 

GW6, and GW2 wells number which are located in the right bank and left bank of Niger River, 

respectively. This facies indicated also the forte proportion of the sum of Cl, SO4 and NO3 in 

these samples compared to the sum of HCO3
- and CO3

2-. The forte proportion of sum of Cl, SO4
2- 

and NO3
- observed in these wells could be due to anthropic activities that take place in the region 

of Niamey. In addition to anthropogenic activities the accumulation of these ions can be due to 

the process of intense evaporation which could result in the concentration of these ions in the 

crystalline basement aquifers [26]. 
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Figure 6: Piper diagram 

According to the semi-logarithmic Schoeller diagram [34] (Figure 7), in the majority of the 

samples, the cations sequence of groundwater samples is rMg2+ > rCa2+ > r (Na+ + K+) and the 

anions sequence is r (HCO3 
-+ CO3

-) > rSO4
2-> r Cl- > r NO3

-. This diagram shows that the 

graphs are generally parallel to each other, suggesting that the proportions of the different major 

ions in the samples are the same, but the overall concentration differs. 

 

Figure 7: Shoeller diagram 
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In this study, Chadha diagram [35] is used in general for the classification of natural waters as 

well as the identification of hydrochemical process. This diagram is constructed by plotting on 

the X-axis the difference between earths and alkali metals ((Ca2++Mg2+) – (Na++K+)) against 

weak acidic anions and strong acidic anions ((HCO3
-+CO3

2-) – (SO4
2-+ Cl-)) on the Y axis, of 

water data expressed as milliequivalent percentage. The milliequivalent proportion differences 

from the axis X and Y are prolonged further into the principal study subfields of the proposed 

diagram, which defines the global character of water [35]. 

According to this diagram (Figure 8), four water facies were observed in the study area which 

are CaHCO3, Ca-Mg-Cl, NaCl and NaHCO3 (Figure X). The CaHCO3 water type that falls in 

field 5 of diagram is the most widespread in the study area and represents around 88,89% of 

analyzed groundwater samples. This dominant water type reveals as in the piper diagram, 

principal component analysis and hierarchical cluster analysis methods that the weathering of 

host rocks and recharge process are most important in the study area [35]. However, the well 

number GW6 that falls in field 6 of diagram is Ca-Mg-Cl-SO4 water type. 

 

Figure 8: Chadha diagram 

4. CONCLUSIONS 

This study investigated the hydrogeochemical processes controlling groundwater chemistry from 

the basement aquifer of Peripheral areas of the Niamey region and assessed its quality for 
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drinking. The WQI values of groundwater samples collected in the study area showed that all 

samples fall in excellent water category class. According to Principal component analysis 

method, 3 principal components which represent 87,18 % of the total variance. the Factor 1 

which represents 58,577 % of total variance is mainly linked with strong positive loading of pH 

(0,935), EC (0,935), EC (0,933), HCO3 (0,898), Mg (0,879), K (0,867) and Ca (0,834). The 

Factor 2 which represents 17,91 % of total variance is principally connected with positive high 

loading of Cl (0,884), Na (0,866) and moderate loading of SO4 (0,762). The Factor 3 which 

represents 10,698 % of total variance is associated with strong positive loading of T (0,895), NO3 

(0,801) and moderate loading of NO2 (0,764). According to correlation analysis, strong 

correlation value was observed between Ca and Mg (0,979), Ca and K (O,881), Ca and HCO3 

(0,975), Mg and K (0,918), Mg and HCO3 (0,956), Mg and EC (0,982), Na and Cl (0,998), K and 

HCO3 (0,912), K and EC (0,963), HOC3 and EC (0,964), HCO3 and pH (0,812) EC and pH 

(0,851) indicating that these ions have the same origin. Piper diagram illustrated two different 

water types in the study area, which are calcium-magnesium bicarbonate facies (CaMgHCO3) 

and calcium chloro-sulfate (CaSO4Cl). According to the Chadha diagram four water facies were 

observed in the study area which are CaHCO3, Ca-Mg-Cl, NaCl and NaHCO3. Schoeller diagram 

demonstrated that in the majority of the samples, the cations sequence of groundwater samples is 

rMg2+ > rCa2+ > r (Na+ + K+) and the anions sequence is r (HCO3 
-+ CO3

-) > rSO4
2-> r Cl- > r 

NO3
-.  
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