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ABSTRACT

Water samples from rivers, streams, springs and shallow wells, in Alayi-Ovim area of southeast Nigeria have been analyzed for Pb, Ca, Mg, Fe, Mg, PO4, NO3, CO3, SO4, Cl and pH. The analyses were carried out using Atomic Absorption Spectrometer (AAS) and Hach Direct Reading Equipment (HDRE). Results of the analyses from the area conform to the WHO (1995) standards for drinking water. However, the results show relative enrichment of Ca, pH, Mg, CO3 and Cl. Low values were obtained for Fe, SO4 and NO3. While the Cl and Pb enrichment in the area north of Alayi-Ovim axis is attributed to proximity to the lead-zinc and chloride-rich formations of the Turonian Eze-Aku and the Albian Asu River, the Ca, Mg, SO4 and CO3, enrichment in Southern part of Alayi-Ovim is due to the limestone-bearing Late Maastrichtian Nsukka Formation. Furthermore the very low values of less than 5 ppm for these characters in water in the central region correlate well with the relatively clean Maastrichtian quartz arenite Ajali Sandstone Formation. The Pb - Zn and Cl incursions into the water system from the Older Albian Asu River / Turonian Eze-Aku Formations in the northern part of Alayi-Ovim area and the leaching of Mg, and Ca into the water system in the Maastrichtian limestone area in the south thus constitute geochemical indices for chemical pollution and mineral exploration for brine and dolomitic limestone in the area. 
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INTRODUCTION

The study area is located within latitudes 5o 37.5′ N – 5o 45.2′ N and within longitudes 7o 20.5′ E – 7o 37.0′ E (Figure 1). The area is about 38 km NE of Umuahia and 20 Km SE of Okigwe. It is fairly accessible by roads and railway. A number of communities in the area north of Alayi and Item have had to grapple with increasing water scarcity during the dry months of November to April, during which only a few surviving springs and ponds exist. Water from these ponds have saline taste (Orajaka, 1972), a condition that has increased the use of stagnant pond water sources with attendant health problems. This study is then intended to relate geology to hydrogeochemical data with a view to identifying the source of the problem. The Abia State Government of Nigeria is, at the moment, investigating the brine occurrence said to be in Alayi area, after a water borehole encountered brine in a non – brine field. 

Geological Setting.

The area is located at the southeastern end of the Abakaliki anticlinorium and west of the Afikpo syncline. Five geological formations underlie the area (Reyment, 1965). They include:- 

(a)
Mid-Cretaceous Mamu Formation. This dips at between 15o and 25o to the south and underlies Otampa and Ameke Alayi areas. The rock units are shaly with occasional siltstone, coarse sandstone and ironstones.

(b)
Upper-Cretaceous Ajali Formation. This is composed of friable, cream-colored sandstone often iron stained towards the top (Reyment, 1965), Hogue and Ezepue, (1977) and Ibe, (1999). The sandstone is poorly sorted, having predominant SW paleocurrent direction. It is the major aquifer in the area (Ibe and Pierre (1999). 

(c)
Late-Cretaceous Nsukka Formation. The formation starts with iron-stained unit of sandstone with prominent trace fossils and grades into ironstone. The base is marked by a limestone-shale sequence with abundant foraminifera and astracods, Ibe, (2000), Reyment, (1965). Reyment (1965) has traced the limestone unit between Okigwe and Owerri to areas between Agbor and Auchi in the Western Nigeria. Ibe (1999) noted the absence of coal seems in the area unlike in the type section North of Nsukka and has suggested a sub-division of the formation based on rock type and paleontology. Reyment (1965) also suggested such a sub-division for the Ajali-Nsukka transition. The sandstones of Nsukka Formation are highly lateritised. 

(d)
Imo Formation. This Tertiary sequence starts with a lower shale unit, grading into very fine sandstone, between Amoji and Nkpa. Very few exposures are seen, except for those along the railroad cuttings. The geological map of the area is shown in Figure 1. 

MATERIALS AND METHODS 

Thirty one water samples, (six from rivers, 10 each from streams and springs and five from shallow wells) were collected. These are the main water supply sources for people in the area. Samples were collected in 500 ml plastic containers into which 2 drops of HNO3 were added to forestall any precipitation resulting from bacterial action. Prior to analysis, samples were stored under 4oC. Sample locations are shown in Figure1. Samples were subjected to parallel analyses using the Atomic Absorption Spectrometer and Hach Direct Reading Equipment at the laboratories of the Nigeria Mining Corporation and the University of Jos Community Health, for each of the characters – Mg, pH, Ca and Fe. Absorbance/concentration curves were plotted using appropriate software to ensure optimum result. Also SO4, CO3, NO3, Cl, PO4, and pH values were determined in the analyses. 

RESULTS AND DISCUSSION

Results of the analysis in parts per million are shown as contour maps drawn to highlight the distribution of each character analyzed and are shown in Figures 2 to 6. Apart from the analyses of Ibe, (1999) on water samples from the Arochkwu-Ohafia area, no analyses have been carried out on water samples in the study area. The distributions of characters analyzed show very striking features worthy of emphasis as given below.

i.
Pb Distribution: Lead (Pb) is toxic (Offodile, 1991, Faure, 1986). Its presence in water can only be traced to lead – zinc mineralization. A range of 0.0 ppm in the southern part of the area to 0.09 ppm in the area north of Alayi, although within the permissible limit for drinking water (WHO, 1995), is significant from Figure 2. There is a NE-SW trend of lead enrichment, a situation that may be traceable to disposition of lead mineralization from the Turonian Eze Aku and Albian Asu River Formations that occur in the northeast part of the area. Lead in the present study has been regarded as an index character (Bateman, 1950). 

ii.
Iron (Fe): A range of 0.2 ppm (in the south) to the 0.56 ppm in north underlain by the iron oxide-cemented sandstone of the Ajali – Nsukka transition, was recorded. This is within the WHO (1995) limits also. However, the lowest values were recorded in the limestone and Ajali sandstone locations (Figure 3), (Ibe and Adiuku-Brown 2000). 

iii.
Calcium (Ca): Calcium values range from 0.01 ppm in the Ajali sandstone areas to 2.03 ppm in the calcareous shales of the Mamu Formation in the northern section. In addition, values of 15 ppm were recorded at the limestone areas in the southern and southeastern sections (Figure 4). It is expected that Ca would show prominence in the limestone area in the southeast but this was not to be. It is evident that the Ca trend is similar to the Pb trend, (Figures 2 and 4). 

iv.
Mesgnesium (Mg): Values for magnesium range from 0.07 for Ajali sandstone water samples to 3.14 ppm for samples collected at the southeastern portion. This situation is partly as a result of dolomitisation of the limestone where Mg replaces Ca on account of similar ionic characteristics (Peters, 1978), (Figure 5). 

v.
Sulphate (SO4): This ranges in values from 5 ppm in the south to 21 ppm in the northwest. Application of sulphate fertilizer by farmers in the relatively poorer Ajali Formation soils could be responsible for the up to 21 ppm SO4 (Baver et al., 1978). This is far below the 200 ppm WHO (1995) values, (Figure 6). 

vi.
Chloride (Cl): An interesting development was recorded for chloride values in the study area. While values of 5-10 ppm characterize the southern, western and eastern portions, the northern part has up to 30 ppm (Figure 7). Similar trends as obtained for lead were the case for chloride (Offodile, 1994). Although the range is less than the permissible WHO (1995) values, chloride values in this study seem to be another marker. The proximity to the lead/zinc/brine fields of the Albian Abakaliki and Ohaozara areas can be inferred from the results for chloride, (Ajayi 1991). Thus chloride values can also be used as another marker for brine (salt) exploration in the area (Orajaka, 1972, Amadi and Amadi 1990). Barely a year after this study was carried out, a borehole in Ameke intercepted a brine bed at 60 m, confirming the water chemistry. 

vii.
Carbonates (CO3): The values range from 0.0 ppm for samples in the Ajali Formation to 35 ppm for samples from the southeastern and northeastern parts. These values are attributable to the limestone of the southeastern part and the calcareous shales of the northeast section (Figures 1 and 8). Here, as in the case of Mg and Ca, the CO3 values are an index to the exploration for carbonate rocks, in this case the dolomitic limestone in the southeastern part of the area. 

viii. Nitrates (NO3): a range of 2-10 ppm was obtained for nitrates since the use of fertilizer is minimal in the study area, it is possible that the low range in the area is attributable to the natural processes of fixation of nitrogen by the leguminous plants of which the farmers in the area are noted for (Figure 9).

ix.
PO4 Values: The concentration of PO4 and their distribution is shown in Figure 10. Higher values were obtained in the area underlain by limestone. However, the values are within the WHO (1995) standards. The values of the analyzed characters are in conformity with geology and mineralogy. 

x.
pH Values: Values for pH range from 6.0 to 7.5. Three distinct areas for high and low values are evident. They are the southeastern, southwestern and northeastern sections (Figure 11). The contour map for pH values has the same trend as lead, chloride and calcium (Mbipon et. al., 1990). Each of the analyzed characters in the water samples, either enriched or depleted has been used as a geochemical marker. Most useful are the Mg, Pb, Cl, pH and Ca values. These values are related to geology and mineralogy. 

CONCLUSION: 

Results of chemical analyses of stream, river, well and spring water samples from Alayi-Ovim area of southeast Nigeria show that the northern part of the area has relative chloride, lead and calcium enrichment. This is attributable to leaching from the Turonian Eze-ku and Albian Asu River Formation of the Abakaliki and Okposi metallogenic provinces. The enhanced Mg values and depleted Ca values in the southern part of Ovim–Alayi area are possibly due to dolomitization of the limestone associated with the Late Maastrichtian Nsukka Formation. The relatively lower values for Ca, Mg, Cl, pH, NO3, SO3, CO3 and nearly neutral nature (pH 7 – 7.5) of samples from the central region is attributable to the presence of the clean Maastrichtian Ajali Sandstone Formation. Thus apart from the use of water geochemistry to confirm geology, the characters have been used as indices for future exploration for salt, galena and dolomitic limestone used in steel and other industrial raw material production. 
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Figure 1. Geological map of Ovim-Alayi area showing sample locations. 

Figure 2. Contour map showing Pb enrichment of the study area. 

Figure 3. Contour map showing Fe 2+ enrichment in the study area. 

Figure 4. Contour map showing Ca 2+ enrichment in the study area.

Figure 5. Contour map showing Mg 2+ enrichment in the study area.

Figure 6. Contour   map of SO4 2- enrichment in the study area. 

Figure 7. Contour   map of Cl enrichment in the study area.

Figure 8. Contour map of CO32- values in the study area.

Figure 9. Contour map of NO3- enrichment in the study area.

Figure 10. Contour map showing PO4 enrichment in the study area.

Figure 11. Contour map of pH values of water in the study area.

Table 1. Geochronological succession in Ovim area. 
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