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ABSTRACT 

Okpoma (long.8
o
15’, 8

o
45’W; Lat. 6

o
30’ - 7

o
00’N) in Cross River State of Nigeria has 

groundwater whose chemical composition is unique as a result of the presence of brine 

(NaCl). The characteristically high Na
+
 and Cl

-
 as well as Ca

2+
, Mg

2+
 and K

+
 suggest marine 

rather than continental origin for the brines. The concentration of these in most cases exceeds 

the WHO limits, thus making the water a poor quality.  
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INTRODUCTION 

Brines have been known to be part and parcel of the Lower Benue Trough. They occur in a 

zone that stretches NE – SW from Okposi through Abakiliki, Okpoma, Ogoja to Awe in 

Benue State. This area is profusely riddled with salt ponds where the locals extract it for 

economic purposes. Limited work has been done on the chemical composition of the salt 

water in this area [1, 2]. The dire need for drinking water as well as to ensure its quantity and 

quality prompted this work.  

Okpoma lies in the Cross River plain-part of the Lower Benue Trough (Fig. 1). The Cross 

River Plain defines a syncline, also known as the Ogoja Syncline [3] whose stratigraphic 

succession comprises basal conglomeritic arkosic sandstone known as the Mamfe Formation 

(Albian) resting unconformably on the basement complex. This is overlied by the Asu River 

group comprising of fractured and splintery grey shale known as the Abakiliki Shale (Albian) 

and overlying it is a suite of tabular sandstones alternating with shale and shelly limestone 

known as the Awe Formation. 

The Abakiliki Shale is mid-late Albian while the transition beds of Awe Formation are early 

Cenomainan in age [5]. The Asu River group sediments are known to be associated with Pb-

Zn mineralization and represent the oldest sediments here, only correlate with the Neoconian 

sediments from the Calabar Flank [6]. The Awe Formation contains coarse-grained highly 

fractured sandstone. The Brines and briny water occur in this Formation and are sustained by 

the secondary porosity induced by fracturing.  
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Fig. 1: Part of South Eastern Nigeria showing the Benue Trough and position of Ogoja[4] 

 

GEOLOGY AND HYDROGEOLOGY 

The Geology of Cross River State consists of the (a) Calabar Flank in the far South, (b) The 

Ikom Depression in the middle and (c) the Cross River Plain (Ogoja Syncline) in the North. 

The Ogoja Syncline which includes Okpoma, Ugaga, Ogoja Town and Environs in a 

sedimentary sequence comprising the following: 

i. Mamfe Formation (early Albian) basal conglomeritic arkosic sandstone resting on 

the Basement  

ii. Asu River Group – Awe Formation, tabular sandstones, alternating with shale and 

shelly Limestone, underlain by Abakiliki Shale-grey, splintery and fractured shale. 

The Abakiliki Shale is mid-late Albian while Awe Formation is early Cenomanian in age [7]. 

Thin lavas, tuffs and pyroclastics are interbedded and intruded into these cretaceous 

sedimentary units. The rock types range from syenites to diorites, dolerites and Gabbros and 

they take the forms of dykes, sill and small to medium size irregular ellipsoidal masses. 

Closely related in space and time to these intrusive rocks are the Pb-Zn veins. The veins may 

be magmatic or hydrothermal in origin but it is more likely that they were formed by deep 

circulating hot brine with rich metal content in the sediments overlying the basement [8].  

Groundwater occurs in the Awe Formation in association with the brines both of which are 

sustained by the secondary porosity induced by fracturing and weathering of the old 

sandstones and shales[4]. There is very little information on the hydrology and groundwater 

flow system in the area. Available information from the Federal Department of Water 

Resources at Calabar shows that boreholes sunk in the area contain salt water and that the 

gross regional direction of groundwater movements is northwards towards the Benue Trough. 

The average depth to the water table in the area is estimated at approximately 4.2 metres 

below the surface. Groundwater yield from the boreholes is reported to be variable, 20m
3
 per 

day for shale and about 200 for sandstones.  
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SAMPLING AND ANALYTICAL TECHNIQUES 

Water samples were collected from 15 boreholes (Fig. 2) into 1000ml plastic bottles with 

suitable caps. Borehole was allowed to pump for about 20minutes so that the water with a 

constant temperature and pH, representing that from the aquifer could be sampled. 

Thereafter, the bottles were tightly capped (to minimize oxygen contamination and escape of 

dissolved gases), preserved in coolers and conveyed to the laboratory for analysis within 24 

hours. In all, 15 parameters were analyzed for.  

 

Fig. 2: Geologic and Sample Location map of Okpoma and Environs 

The water samples were acidified with concentrated HNO3 to keep the ions in solution. They 

were stored in the refrigerator prior to analyses. The concentrations of Ca, Mg, Mn, Fe, Ni, 

Cd, Pb, Zn and Cu were determined using a Pye-Unicam SP 2900 atomic absorption 

spectrophotometer while Na and K were determined using a Gallehamp flame photometer. 

The concentration of Cl
-
 was measured by back titration with silver nitrate while that of CO3

2-
 

was measured by back titration using dilute hydrochloric acid.  

RESULTS AND DISCUSSION 

The results of the analyses of the groundwater are shown in Table 1. PH was determined in 

the field while other parameters were laboratory-based. The pH was within the WHO 

tolerable level; it ranged from 6.22 to 7.30 (Table 1). The slightly acidic nature (for samples 
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with pH<7) could be attributed to the abundance of organic matter in the overlying soils, 

given the shallow water table. Total Dissolved Solids (TDS) range in value from 414 to 1100 

ppm, and within the WHO limits. While these two parameters are so mild, and within WHO 

bracket, the general chemistry is rather far apart from these limits and unique. The 

concentrations of Sodium range from 10,000ppm to 3010 ppm far outside WHO limits of 

200ppm.  

 

Table 1 Results of chemical analyses of saline groundwater (ppm) in the study area 

NS = Not Supplied 

 

Calcium, Potassium and Magnesium constitute the major non-sodium metal ions in the 

waters and their concentrations show a sympathetic variation with Sodium. Calcium ranges 

from 2100ppm to 250ppm, Potassium (120 – 1100) and Magnesium (130 – 469), while WHO 

limits is 500ppm, for Potassium and 150ppm for Magnesium. Lead, Zinc, Copper and 

Cadmium have low concentrations in these waters with little lateral variations. The values for 

Cadmium are comparable to those of some Californian brine [9] while those for Lead are 

similar to those in typical sea water [10]. 

 

Chloride (Cl
-
) and Carbonate ions are highly concentrated in the waters. Cl

-
 values range 

from 15,912 ppm to 35000ppm (while WHO recommends 250ppm as limits). The values are 

also very high compared to mean value (82ppm) for fresh water; CO3
2-

 values are lower than 

those for Cl
-
. They range from 106 – 550ppm - probably because of the low solubility of CO2 

in brines and the high calcium content causing the precipitation of calcium carbonate.  

 Na Ca K Mg Mn Fe Cl- CO3
2- Ni Cd Zn Pb Cu pH TDS (g/litre) 

Okpoma 1 2870 3342 901 411 2.55 2.02 2611 308 0.91 0.29 0.15 1.30 1.80 6.8 1100 

Okpoma 2 3010 4111 1100 390 2.30 2.51 3050 408 1.10 0.31 0.20 1.25 4.08 6.22 1500 

Okpoma 3 29000 2911 850 401 3.25 2.11 30000 242 0.90 0.31 0.18 3.05 3.00 6.25 949 

Okpoma 4 1033 250 180 140 0.33 0.54 2661 132 0.06 0.31 0.10 0.91 2.60 7.01 602 

Gabu 1 14010 1061 340 130 0.87 0.80 18111 550 0.30 0.20 0.11 0.51 1.91 6.71 400 

Gabu 2 10000 1021 355 135 0.20 0.70 2120 330 0.30 0.10 0.15 0.48 1.84 7.21 391 

Gabu 3 15000 1211 381 134 1.11 0.71 16300 142 0.29 0.16 0.18 0.35 2.31 7.30 561 

Gabu 4 15125 1035 320 126 1.50 0.39 2811 137 0.25 0.21 0.14 0.29 2.01 7.01 414 

Ijegu 1 14100 801 281 92 2.15 2.11 15912 121 0.25 0.21 0.11 0.62 2.03 6.25 400 

Ijegu 2 26000 2610 562 271 2.40 1.00 31000 210 0.80 0.30 0.16 0.71 3.01 6.55 1100 

Ijegu 3 25000 3621 850 404 3.61 1.60 2791 320 0.81 0.22 0.21 1.00 2.48 6.51 1048 

Ijegu 4 22000 25000 900 401 1.61 1.59 16411 162 0.24 0.18 0.14 0.95 2.35 6.91 602 

Woda 1 23000 25011 120 469 3.72 0.91 35000 195 0.59 0.33 0.11 0.12 2.81 6.11 951 

Woda 2 25000 2000 119 511 2.81 1.50 30000 111 0.92 0.31 0.99 1.00 3.11 6.66 900 

Woda 3 25000 2100 120 501 0.80 0.28 27101 106 0.16 0.14 0.18 0.22 0.82 6.99 555 

WHO (1984) 

Standard 

200 500 NS 150 0.5 0.3 250 NS NS NS 150 NS 1.50 5.5–8.5 1000 
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Rift systems are important natural settings for salts and brines of marine origin especially 

where marine waters can be cut off and concentrated as brines. [2]Showed that rifting in the 

Benue Trough accompanied by explosive mafic alkaline volcanism and rapid subsidence 

culminated in the deposition of clastic and chemical sediments (including evaporates) of the 

AlbianAsu River Group. This implies that the stratigraphy of Ogoja Syncline is compatible 

with the widely help evolutionary model of continental margin development by initial rifting 

and volcanism accompanied by syntectonicfluvio-lacustrine deposition succeeded by 

evaporate deposition and then normal marine deposition in the widening, spreading ocean. 

This implies that the geographical tectonic setting of the Ogoja area contributed to the 

formation of brine in the area.  

 

Chemical composition of dissolved salts can be used to characterize the origin, of salinity in 

brines [11, 12, 13, 14].  For example continental brines have chemically complicated origin 

while brines of marine origin show dominance in Na
+
, Mg

++
, K

+
, Cl

-
 and CO

2-
3. The Okpoma 

brines are characterized by unique chemical composition and the geochemical pattern is 

simple. The brines contain high concentrations of Na
+
 and Cl

-
 followed by Ca

2+
, Mg

2+
 and 

K
+
. This composition is very similar to those of marine waters, and the fact that they issue 

from translational coastal sedimentary rocks suggest marine rather than continental origin for 

the Ogoja salt waters. This inference agrees with the views of [5] and [7] that Benue Trough 

during the Cretaceous was the site of an ancient seaway which extended inland from the Gulf 

of Guinea towards the Sahara and that the salts were formed at the time. [5]on the basis of 

marine fossils described the Abakiliki shale found in the areas as marking the initial 

environment of marine waters in the Benue Trough. This implies that brine was generated in 

the older sediments of the area. Sandstones are host to the brines, meaning that the invading 

sea water flooded the permeable sandstones, seeped into the sands and became stored as sub-

surface brines. The shales, limestones and sandstones similar to those associated with the 

Okpoma brines are known to contain variable levels of mineralization in other parts of the 

Benue Trough. This could imply that the Ogoja area of the Cross River State possible 

contains lead-zinc mineralization similar to that found in Abakiliki.  

CONCLUSION 

Na
+
 is the most dominant cation in the groundwater of Okpoma and environs and matched 

with the high level of Cl
-
; it exists as NaCl and forms the most important salt in it. The 

concentration of most parameters (Na, Ca, K, Mg, Mn, Fe, Cl
-
, CO3, Ni) far exceed the limits 

prescribed by WHO, thus making the groundwater not too safe for human consumption. The 

saline groundwater appears to be of ancient origin and the areal variation is probably due to 

dilution of surface water. Their sample chemistry shows that it is of marine origin, having 

been trapped in the sediments during sedimentation. They are therefore appropriately 

described as “connate”. They may have originated either by entrapment of sea water by 

marine sediments or by shale membrane filtration.  
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