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Abstract  Forty-three water samples were collected from boreholes and shallow hand dug wells, and were analyzed using 

a combination of titrimetric, colorimetric and atomic absorption spectroscopy (AAS) methods. The study area lies within the 

Cross River Basin, having a wide variety of climatic conditions, hydrologic regimes and geologic environments. Results of 

the conductivity values revealed that the groundwater in most part of the study area ranges from fresh, to brackish and finally 

saline. The range of TDS values across the study area revealed that most of the samples are fresh. The water samples with low 

TDS values were discovered to occur at relatively higher elevations, while the water samples which are characterized by low 

and intermediate TDS values occur along topographic lows and flow paths where more water-rock and soil-rock interactions 

that would increase TDS is expected. Results of the salinity indicated that most of the samples are fresh with salinity values 

less than 1000 mg/l. Iron, manganese and copper occur in trace amounts. The total concentration of soluble salts in irrigation 

water in all the samples expressed in terms of specific conductance according to salinity hazard classes were found to be 

excellent and hence suitable for irrigation purposes. 

Keywords  Cross river basin, Physico-chemical studies, TDS, Salinity hazard, Water samples 

 

1. Introduction 

Geochemical processes occurring within the groundwater 

and reactions with aquifer minerals have a profound effect 

on water quality. Hydrogeochemical composition of 

groundwater can also be indicative of its origin and history 

of the passage through underground materials with which 

water has been in contact with. Groundwater contains 

dissolved minerals from the soil layers through which it 

passes. It may also contain some harmful contaminants 

through the process of seepage from the surface water and 

biological activities. 

Groundwater chemistry is largely a function of the mineral 

composition of the aquifer through which it flows. The 

hydrochemical processes and hydrogeochemistry of the 

groundwater vary spatially and temporally, depending on the 

geology and chemical characteristics of the aquifer. 

Hydrogeochemical processes such as dissolution, 

precipitation, ion exchange processes and the residence time  
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along the flow path control the chemical composition of 

groundwater. 

The hydrogeochemistry of groundwater in parts of 

Abakaliki and Afikpo areas was studied in this research. 

Previous studies reported that the groundwater quality in the 

area is rapidly deteriorating [4]. This study attempts to 

evaluate the different water types and hydrogeochemistry of 

the main source of water supply in the area as well as 

determine the groundwater characteristics. 

1.1. Location and Geology of the Study Area 

Ebonyi State is located within southeastern Nigeria and 

lies on the geographic coordinates: longitudes 7° 00' - 8° 00'E 

and latitude 5° 50' - 6° 40'N. The state has boundaries in the 

north with Benue State; on the east with Cross River State, 

on the south with Abia State and on the west with Enugu 

State. The study area is divided into two major hydrological 

provinces, with active flood plains of recent alluvium within 

the Abakaliki and Ikwo areas. 

The study area falls within the Cross river basin where 

serious hydrogeological problems exist. The Cross River is 

the main river that drains the area; several of its tributaries, 

Asu River, Ebonyi River in the north, the Ubeyi, and Itara 

Rivers in the south and their numerous tributaries traverse 

the area in NE-SE direction. 

mailto:toomgbeojedo@gmail.com
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Figure 1.  Topographic map of the study area showing the interpretative cross-sections (profiles) 

 

The geology, geomorphology, sedimentology and 

hydrogeology of the Cross river basin have been extensively 

studied by several authors [6, 4, 5, 1]. The study area falls 

within the Lower Benue Basin. The area consists of a 

succession of rocks leading from Precambrian (basement) 

through Cretaceous to Tertiary sedimentary beds. A typical 

sequence is as shown in table 1 below. 

Table 1.  Generalized stratigraphy of the study area 

Age Formation 

Quaternary Benin 

Tertiary 

Ameki 

Imo Shale 

Nsukka 

Ajali 

Mamu 

Nkporo Shale 

Cretaceous 

Awgu 

Ezeaku 

Asu River 

Precambrian Basement 

More than 90% of the Cross river basin is overlain by 

Cretaceous rocks of the Asu River, Ezeaku, Awgu, Nkporo 

and Mamu Formations, with the oldest, the Asu River 

Formation underlain by the basement complex rocks. With 

the exception of Awgu and Ezeaku Formations, all these 

rocks are very poor aquifers. 
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Figure 2.  Regional geology map of the study area (Adapted from NGSA) 

2. Materials and Method 

43 boreholes were used for the purpose of the study. The 

ground water samples were collected near the well head of 

each of the sampled boreholes before the water went through 

tanks/treatment units. 1 litre of water was collected from 

each borehole. Prior to sample collection, the wells were 

pumped for about three to five minutes. This was to ensure 

collection of representative samples. Samples were collected 

in two labeled, well-drained plastic containers tightly  

corked. The choice of plastic containers is to minimize 

contamination that could alter the water constituents. The 

first (1 litre container) was acidified with two drops of 

concentrated nitric acid (HNO3) for cations determination in 

order to homogenize and prevent absorption/adsorption of 

metals to the wall of the plastic container. Acidification 

equally stops further bacterial growth, inhibits oxidation 

reactions and leads to precipitation of cations. The second 

plastic container (1 litre) was used for anion determination. 

These samples were preserved in cool boxes to keep the 

temperature below 20°C for eventual transfer to the 

laboratory for analysis within stipulated period. A Global 

Positioning System (GPS) unit, portable GARMIN Etrex 76, 

was used for recording coordinates and elevation readings  

at borehole points. Because the chemistry of groundwater  

is sensitive to environmental changes, the following 

physico-chemical parameters were measured and recorded 

in-situ: colour, pH, conductivity and temperature.  

The pH meter was first calibrated using pH buffer 7, pH 

buffer 4/10 and distilled water. 50ml of the water sample was 

poured into a beaker and the probe inserted into the water 10 

minutes after the meter was switch on and the pH reading 

was recorded when the reading became stable. The 

conductivity meter was calibrated using the conductivity 

solution at 25°C; it was then switched on and inserted into 

the 50ml water sample. Electrical conductivity value was 

recorded in  S/cm when the reading became stable. 

Similarly, alkalinity was determined titrimetrically with a 

standard solution of sulphuric acid (H2SO4). The sample was 

titrated with the 0.1N H2SO4 using phenolphtalein and 

methyl orange indicators. 100ml water was measured into a 

conical flask and 3 drops of phenolphthalein indicator added. 

When the sample remained colourless, it indicated in all 

cases that phenolphthalein alkalinity was zero. 

The groundwater samples were analysed using standard 

methods prescribed by the American Public Health 
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Association [2]. Sulphate was analysed using the 

turbidimetric method, which relies on the formation of 

Barium sulphate in the presence of acidified HCl and Barium 

chloride. Sodium and potassium concentrations were 

analysed using a flame photometer based on the 

flame-emission method. Calcium, magnesium, carbonate, 

bicarbonate and chloride were determined by chemical 

titration. 

3. Results 

The geochemical analysis was carried out at the following 

wells in details. 

Table 2.  Locations of the various boreholes studied 

S/N Locations BH. Code 

1 Ndiodoke Amagu, Ikwo L.G.A B65 

2 Odomowo Iynogu, Ikwo L.G.A B46 

3 Ndulo Ameta, Ishielu L.G.A B56 

4 Ezikwu Izhia, Ohaukwu B58 

5 Agbabor Ufroidu Isu, Onicha B87 

6 Okaleru Amaekka, Ezza South L.G.A B70 

7 Ndiulo Ekweshingbo, Ohaukwu B85 

8 Ojienya Pri. Sch., Izzi L.G.A B96 

9 Nwete Pri. Sch., Izzi L.G.A B77 

10 Odagerida Okpaugwu, Abakaliki L.G.A B84 

11 St. Peter's Sec. Sch., Ezza South B42 

12 Ezikwu Iweregba Uburu, Ohaozara L.G.A B39 

13 Okpaniku Ndiegu Okpuitumo, B67 

14 Ndiaguazu Enyibichiri, Ikwo L.G.A B43 

15 Umuoghara Ogharugu, Ezza North B47 

16 Ayaragu Ogwor, Ivo L.G.A B22 

17 Okweriri Odgeri, Ebiya L.G.A B21 

18 Comm. Sec. Sch. Nwofe, Ebiya L.G.A B31 

19 Igweka-Enyim Village square, Ebiya L.G.A B15 

20 Ukpa-Ike Village Square, Ebiya L.G.A B30 

21 Agbaja Pri. Sch. Nwofe, Ebiya L.G.A B68 

22 Eke Ettam (Mkt Squ.), Ikwo Central B24 

23 Ndiechi Elugu, Ikwo Central B38 

24 Ekpelu (Edukwu Play Ground), Ikwo Central B53 

25 Amainyima (Inyimagu Town Hall) Ikwo Central B17 

26 Abuja Zone, Ikwo South B83 

27 Ndufu Amagu 1 (Odeligbo) B100 

28 Comm. Pri. Sch., Enyibichiri, Ndiagu, Amagi 1, Ikwo South B61 

29 Obeagu Play Ground, Ndufu Inyimagu, Ikwo South B94 

30 Umuezeoku Ward (AzuoJi Udenyi), Ezza West L.G.A B55 

31 Enohia Nkalu, Afikpo North L.G.A B59 

32 Ngara Nbow, Afikpo North L.G.A B90 

33 Eziakputa Ngbor, Afikpo North L.G.A B97 

34 Ebo Ngara, Afikpo North L.G.A B81 

35 Aliezi Nlia Owora, Afikpo North L.G.A B28 

36 Okpitumo Unuhu, Abakaliki L.G.A B79 

37 Ijega Unuhu, Abakaliki L.G.A B86 

38 Ndiagochi, Abakaliki L.G.A B48 

39 Inyimagwu, Abakaliki L.G.A B60 

40 Nkalafor Echara, Ikwo L.G.A B63 

41 Ndiechi Ndufu, Ikwo L.G.A B62 

42 Inyimagwu Amagu, Ikwo L.G.A B99 

43 Agubaka, Ikwo L.G.A B89 
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Table 3.  Summary of physico-chemical parameters of aquifers of the study area 

BH. 

CODE 

Water 

Temp 

(°C) 

Appearance 
Turbidity 

(NTU) 

Conductivity 

(µS/cm) 
pH Salinity 

Suspended 

Solids 

(mg/l) 

Alkalinity 

(mg/l) 

TDS 

(mg/ l) 

B65 30 Clear 8 416 7.5 303.6 
  

138 

B46 26 Clear 0.73 488 8.3 220.2 
  

103 

B56 30 Clear 0.96 548 7.2 209 
  

49 

B58 Nill Clear 1.07 545 7.8 97.3 
  

213 

B87 28 Clear 0.18 45.1 7.1 62.7 
  

29 

B70 29 Clear 5 551 7.2 4 
  

219 

B85 27 Clear 6.7 58.3 6 217 
  

119 

B96 30 Cloudy 13.42 538 7.2 16 
  

149 

B77 27 cloudy 3.42 418 6.8 29 
  

138 

B84 36 Clear 16 501 7.2 0.4 
  

211 

B42 28 Lightly cloudy 26 94.9 6.5 3 
  

421 

B39 30 Clear 6 415 6.8 348.2 
  

201 

B67 31 Lightly cloudy 6.55 423 7.2 21.2 
  

140 

B43 29 Lightly cloudy 19 385 6.8 198 
  

139 

B47 32 Clear 4 846 8 6.2 
  

391 

B22 28 Clear 0.25 46.7 7.3 231 
  

18 

B21 Nil Nil Nil 1.1*104 7.2 Nil 16 120 2 

B31 Nil Nil Nil 1.25*104 7.6 Nil 13 30 13 

B15 Nil Nil Nil 2.4*104 7.1 Nil 13 150 2 

B30 Nil Nil Nil 1.8*104 6.9 Nil 12 150 2 

B68 Nil Nil Nil 2.0*104 7 Nil 15 170 11 

B24 Nil Nil Nil 1.2*104 7.6 Nil 11 35 15 

B38 Nil Nil Nil 1.4*104 8.2 Nil 22 145 62 

B53 Nil Nil Nil 2.0*104 8.2 Nil 24 160 12 

B17 Nil Nil Nil 1.8*104 6.8 Nil 20 160 4 

B83 Nil Nil Nil 0.5*104 7 Nil 22 94 42 

B100 Nil Nil Nil 3.5*103 6.9 Nil 20 125 120 

B61 Nil Nil Nil 3.0*103 8.4 Nil 18 60 54 

B94 Nil Nil Nil 1.6*103 7.5 Nil 36 55 50 

B55 Nil Nil Nil 0.25*104 7.4 Nil 60 126 180 

B59 29 Clear 8 427 7.6 0.3 Nil Nil 219 

B90 29 Clear 8 600 7.8 0.3 Nil Nil 210 

B97 29 Clear 8 614 7.5 0.3 Nil Nil 319 

B81 28 Clear 7.8 512 7.5 0.4 Nil Nil 316 

B28 29 Clear 8 461 7.6 0.4 Nil Nil 219 

B79 27 Clear 7.5 244 7.46 0.25 Nil Nil 104 

B86 27 Clear 8 600 7.8 0.34 Nil Nil 234 

B48 27 Clear 8 Nil 7.7 0.38 Nil Nil Nil 

B60 27 Clear 7.8 241 7.6 0.2 Nil Nil Nil 

B63 26.5 Dirty 13.1 691 7.3 0.4 Nil Nil 222 

B62 26 Dirty 12.5 746 7.1 0.41 Nil Nil 313 

B99 Nil Dirty 15 400 8 1.1 Nil Nil 194 

B89 26.5 Dirty 15 794 7.9 1.2 Nil Nil 341 

  



 Geosciences 2018, 8(2): 32-43 37 

 

 

Table 4.  Summary of the results of the geochemical analysis of the study area 

BH.  

Code 
Calcium Magnesium Sodium Potassium Iron Manganese Copper Sulphate Chloride Bicarbonate Carbonate Nitrate 

B65 49 28.4 Nil Nil Nil 0.01 0.2 62 215 140 100.9 22.3 

B46 98 27.2 2 0.6 0.02 0.016 Nil 50 145 60 25 38 

B56 79 20.4 25.3 Nil 0.1 0.01 0.1 120.5 89.5 55.1 38.1 11.3 

B58 86 3.6 52.9 Nil 0.1 0.01 0.02 78.2 76.2 65 55 7.2 

B87 113 23.6 1.6 Nil 0.02 Nil Nil 99.3 91 60 48.1 8.1 

B70 108 Nil 169 Nil 0.02 0.01 0.001 140 102.1 52.1 48.9 7.5 

B85 89 40.3 4.3 Nil Nil Nil Nil 206.6 67.7 48 28 11 

B96 38 0.3 72 Nil 0.12 0.02 Nil 137.4 84.1 85.1 60.2 7.1 

B77 29 Nil 14 Nil Nil Nil Nil 79 120.3 66.1 48.9 12.3 

B84 74 0.74 8.3 0.3 0.02 0.02 Nil 296.4 87 43.9 25.1 12.1 

B42 128 0.06 90 Nil 0.03 0.01 Nil 85 145 40 24 11.2 

B39 64 33.3 75.44 Nil 0.13 0.01 Nil 190.3 109.1 61.1 43.6 8.4 

B67 132 45.7 69 Nil Nil 0.06 Nil 145 59.8 100.2 187.6 8.6 

B43 69 13 0.05 Nil Nil 0.02 0.02 126 119.2 128.5 85.2 11.1 

B47 69 4 9.8 0.11 0.016 0.01 Nil 286 74.3 112 76 7.9 

B22 120 41.8 55.2 Nil Nil 0.013 Nil 450 65.7 106.3 84.1 8.2 

B21 46.09 18.24 9 Nil 0.12 Nil Nil 900 72 133 76.9 8 

B31 56.12 17.02 8 Nil 0.12 Nil Nil 230 79.1 93.1 45.8 7.1 

B15 52.1 7.13 9 Nil 0.12 Nil Nil 850 75 106 21 38 

B30 38.08 26.75 11.5 Nil 0.06 Nil Nil 600 62 121 87 10 

B68 26.05 6.08 21 Nil 0.12 Nil Nil 129.4 197 154.2 198.7 8.2 

B24 56.8 17.2 9.2 Nil 0.14 Nil Nil 150 192 42 20 12 

B38 43.4 16.8 42.5 Nil 0.8 Nil Nil 270 205 360 320 6.8 

B53 26.05 6.28 62.4 Nil 0.12 Nil Nil 406.1 180.2 184.7 105.3 6.6 

B17 28.08 16.75 12.5 Nil 0.08 Nil Nil 555.2 132 162.5 120.4 6.9 

B83 59 15.4 86.5 Nil 1.8 Nil Nil 230 124.1 203 169 7.6 

B100 36.2 12.4 22.5 Nil 0.4 Nil Nil 356.7 101.3 107.4 86.2 7.7 

B61 62.4 14.5 48.6 Nil 0.7 Nil Nil 365.8 179.6 130.3 87.3 7.1 

B94 14.3 16.5 68 Nil 8 Nil Nil 234.1 201.3 159.7 98.6 6.4 

B55 38.42 12.62 48.5 Nil 0.45 Nil Nil 135 308 51 20 7 

B59 21 12 114 6.7 0.2 0.19 Nil 290.4 214.1 64.4 45.9 9.1 

B90 24 12 128 6.6 0.18 0.12 Nil 507.8 107 55.2 45.2 8.2 

B97 21 13 126 6.1 0.21 0.12 Nil 496.2 195.1 118.3 67.5 7.4 

B81 24 14 21 7.9 0.2 0.1 Nil 750.1 159.2 89.5 64 7.3 

B28 25 18 21 8 0.03 0.11 Nil 357.3 100.3 99.2 76.5 8.5 

B79 222 30 29 Nil 0.01 0.01 Nil 450.4 239.3 88.2 57.5 8.4 

B86 291 28 31 Nil 0.01 0.01 Nil 100.1 184.2 88.2 65.4 11.2 

B48 304 Nil 64 Nil 0.02 0.02 Nil 65 50 45 26 6 

B60 216 45 24 Nil 0.02 0.01 Nil 115 85 43 23 8 

B63 140 63.9 63 1.04 0.033 0.1 Nil 96.9 204.3 89.2 78.9 6.8 

B62 81 80.2 31 Nil 0.04 0.1 Nil 120 330 55 22 10.2 

B99 185 116.98 121 6.8 0.2 0.02 Nil 103.1 150.7 102.9 89.9 7.8 

B89 188 125.4 120 8 0.05 0.03 Nil 247.1 130.2 77.9 65 7.9 
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4. Discussion 

Results of the conductivity values revealed that the 

groundwater in most part of the study area ranges from fresh, 

to brackish and finally saline. Groundwater samples from 

boreholes B65, B46, B56, B58, B87, B70, B85, B96, B77, 

B84, B42, B39, B67, B43, B47, B59 and B22 were noticed to 

be fresh whereas other samples are brackish to saline. 

Borehole water samples with conductivity values with   

less than 1000µS/cm were noted to be fresh whereas others 

are brackish to saline. The dissolved-solids concentration  

is the sum of the major ion constituents for a discrete  

sample, which includes major cations (dissolved calcium, 

magnesium, potassium, and sodium), major anions 

(dissolved carbonate species, chloride, fluoride, and sulfate), 

and non-ionic silica [8]. The range of TDS values across the 

study area revealed that most of the samples are fresh. 

Results of the salinity indicated that most of the samples are 

fresh with salinity values less than 1000 mg/l. Iron, 

manganese and copper occur in trace amounts. 

Sodium absorption ratio of the groundwater samples was 

determined from borehole groundwater samples from the 

study area. For determination of the sodium absorption ratio, 

the following parameters were used: sodium, magnessium, 

and calcium. The concentrations of these parameters from 

various groundwater samples in mg/l were converted to their 

concentrations in milli- equivalent per litre (meq/l). These 

values in milli-equivalent per litre were finally used to 

estimate the sodium absorption ratio within the study area. 

Results of the study revealed that the SAR varies from about 

0.00145 at borehole point B43 to as high as 5.33 at borehole 

point B90 with a regional mean value of 1.41. Sodium hazard 

classification based on sodium absorption ratio after [13], 

shows that all the samples falls into sodium hazard class 1 

which is classified to be of excellent quality. 

Table 5.  Sodium hazard classes based on sodium adsorption ratio (after 
Wilcox, 1995) 

Sodium hazard class SAR Remark on quality 

S1 <10 Excellent 

S2 10 – 18 Good 

S3 18 – 26 Doubtful 

S4 >26 Unsuitable 

Generally, the chemical composition of groundwater is 

primarily dependent on the type of chemical reaction as  

well as the geochemical processes taking place within    

the groundwater system. Similarly, the mineralogical 

composition can exert an important control on the final water 

chemistry. As groundwater flows through the strata of 

different mineralogical composition, the water composition 

undergoes adjustments caused by imposition of new 

mineralogically controlled thermodynamic constraints.  

Chloride is the most useful parameter for evaluating 

atmospheric input to water as it shows very little 

fractionation. Sodium and Chloride inputs are likely to be 

mainly from rainfall and, therefore, will largely reflect the 

ratio observed in seawater. Cation exchange may account for 

a reduction in the Na concentration, and halite dissolution 

may account for high concentration of Cl. The low 

concentrations of potassium in natural water are a 

consequence of its tendency to be fixed by clay minerals and 

participate in the formation of secondary minerals. Dissolved 

species and their relations with each other can reveal the 

origin of solutes and the processes that generated the 

observed composition of water. The Na/Cl relationship has 

often been used to identify the mechanism for salinity 

distribution and saline intrusions. The Na+ and Ca2+ shows  

a good correlation indicating that Cl- and for the most     

part, Na+ are probably derived from the dissolution of 

disseminated halite in fine-grained sediments. The high 

Na/Cl ratios are probably controlled by water rock 

interaction. When there is an exchange between Na+ and K+ 

in groundwater with Mg2+ or Ca2+ in the aquifer material, 

both of the indices are positive, indicating ion exchange of 

Na+ in groundwater with Ca2+ or Mg2+. In general, these 

indices show positive values, whereas the low salt waters 

give negative values. The increase in groundwater salinity is 

usually accompanied by a slow rise in reverse ionic 

exchange, which indicates a cationic exchange that increases 

the hardness of these waters. The contribution of K+ to the 

groundwater in these samples is modest. The low levels of 

potassium in water are a consequence of its tendency to be 

fixed by clay minerals and to participate in the formation of 

secondary minerals. 

Concentration of ions dissolved in groundwater is 

generally controlled by lithology, groundwater flow rate, 

natural geochemical reactions and human activities [10, 3]. 

In fresh groundwater, both HCO3
- and CO3

2- originate 

mainly from the atmosphere but dissolution of sulfates, 

dolomite, calcite or silicates minerals also contribute to the 

concentration of these ions. Excess calcium and magnesium 

concentration in most water samples is most likely  

supplied by the dissolution of various minerals such as 

dolomite, gypsum, calcite, anhydrite or weathering of 

silicate minerals such as plagioclase, pyroxene, amphibolites 

and montmorillonite [7].  

The water samples with low TDS values were discovered 

to occur at relatively higher elevations, while the water 

samples which are characterized by low and  intermediate 

TDS values occur along topographic lows and flowpaths 

where more water-rock and soil-rock interactions that would 

increase TDS is expected. This agrees with the findings of 

[12]. As noted by some researchers, evaporation greatly 

increases the concentration of ions formed by chemical 

weathering, leading to higher salinity [9]. 

Finally, the suitability of groundwater for irrigation 

purposes depends on its mineral constituent [11]. Total salt 

concentration as measured by electrical conductivity (EC), 

relative proportion of sodium to other principal cation as 

expressed by SAR, sodium percent and residual sodium 

carbonate (RSC) are some of the techniques adopted by the 

US Salinity Laboratory of the Department of Agriculture [13] 

in evaluating the suitability of water for irrigation purposes. 
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The total concentration of soluble salts in irrigation water in 

all the samples expressed in terms of specific conductance 

according to salinity hazard classes were found to be 

excellent and hence suitable for irrigation purposes.  

Piper trilinear plots were drawn along the profiles depicted 

in Figure 1, to faciliatate an understanding of the water 

geochemistry hence inferring the various groundwater types. 

These plots are shown in the following diagrams. 

Along the A-A1 cross section, the following boreholes 

were considered: B46, B56, B58 and B65. The Piper diagram 

revealed that the water class is of Ca- SO4-Cl- which is 

typical of gypsum ground waters and mine drainages. 

For B-B1 profile, the following borehole samples were 

used in plotting the Piper diagram along this cross section: 

B70, B77, B85, B87 and B96. The Piper diagram along this 

profile revealed a mainly Ca- Mg-SO4-Cl- water type. 

Six borehole samples were used for the plot along C-C1 

profile. They include B39, B42, B43, B47, B67, and B84. 

Borehole sample B67 revealed groundwater that is believed 

to be fresh. However, the Piper diagram along this cross 

section revealed two water types (hydro-geochemical  

facies) as shown below: Ca-SO4-Cl- (typical of gypsum 

groundwaters and mine drainage) and Ca-HCO3
- - CO3

 

(indicating shallow fresh water aquifers). Only one borehole 

sample (B67) was revealed to be fresh along this cross 

section. 

For D-D1 cross-section, boreholes B15, B21, B22, B30, 

B31 and B66 were used. The Piper plot revealed only one 

hydrogeochemical facies (water type), the Ca-Mg-SO4
- type. 

The borehole samples used for E-E1 profile include B17, 

B24, B36, and B53. The Piper diagram revealed a water class 

of the Ca-Mg-SO4
- type. 

For the F-F1 cross-section, the following samples were 

used: B100, B55, B59, B61, B83 and B94. The water type 

revealed by the Piper diagram is indicative of Ca-Mg-SO4- 

and Na-Cl- water types. The Na-Cl- water type is typical of 

marine and deep ancient groundwaters. Borehole samples 

with this water type are very saline. 

The borehole samples used for the G-G1 profile include 

the following: B28, B48, B79, B81, B86, B90 and B97. 

Interpretation of the Piper diagram along this cross-section 

revealed a combination of two water types: the Ca-Mg-SO4- 

and Na-Cl- water types. 

For the H-H1 profile, borehole samples from B60, B62, 

B63, B89 and B99 were used. Interpretation of the Piper 

diagram along this profile revealed mainly Ca-Mg-SO4- 

water type (indicative of gypsum groundwater and mine 

drainage). 

 

 

 

 

Figure 3.  Piper diagram interpretation along A-A1 profile 
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Figure 4.  Piper diagram interpretation along B-B1 profile 

 

Figure 5.  Piper diagram interpretation along C-C1 profile 



 Geosciences 2018, 8(2): 32-43 41 

 

 

 

Figure 6.  Piper diagram interpretation along D-D1 profile 

 

Figure 7.  Piper diagram interpretation along E-E1 profile 
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Figure 8.  Piper diagram interpretation along F-F1 profile 

 

Figure 9.  Piper diagram interpretation along G-G1 profile 
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Figure 10.  Piper diagram interpretation along H-H1 profile 

5. Conclusions 

The study area revealed a poor to fairly good ground water 

yield that can sustain rural water supply. The ground water 

quality is poor to fairly good in most parts of the study area 

and good in areas without salt bearing minerals, heavy 

metals and high bicarbonate, such as in some parts of Ikwo 

(areas along the Cross River) and also parts of Afikpo. 
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