
 

 

Journal of Science and Technology Research 6(1) 2024 pp. 234-244 ISSN-2682-5821 

234 

 

 
Sedimentological Aspects of Subcropping Sand Units Within Imo Formation, 

Western Niger Delta Basin 
 

Edegbai, A.J*, Ehigie, V. 

Department of Geology, University of Benin, Benin City, Nigeria 

* Corresponding author: aitalokhai.edegbai@uniben.edu  

 

Article Info  Abstract 

 

Keywords: warm ground water aquifer, 

Northern Delta Depobelt, shallow 

marine, Paleogene  

 

 Aquiferous sand units of the Imo Formation have been recently 

reported to contain warm groundwater around Ofumwengbe 

community, near Benin City, western Niger Delta Basin, Nigeria. 

Whereas investigations into the sedimentological aspects of sand 

members in the Imo Formation outcropping in central and eastern 

Niger Delta have been documented in literature, reports on the 

sedimentological aspects of sand members within the Imo 

formation in the western Niger Delta are either nonexistent or 

publicly unavailable. This dearth of data provides the impetus for 

this study, which aims to evaluate the sedimentological aspects of 

sand members within the Imo formation in the western Niger 

Delta. Six (06) ditch cutting samples were obtained from the 

aquiferous section of two (02) warm groundwater wells in the 

study area. The methodology employed entailed visual lithology 

characterization using a standard comparator, acid test and 

granulometry (sieve analysis). The results obtained show that the 

samples display strong effervescence, and possess dominantly 

medium grained, leptokurtic, negatively (coarse) skewed, well 

sorted subangular to subrounded sand sized quartzose framework 

particles, which have attained submature to mature textural 

maturity. The aforementioned results when integrated with 

inferences drawn from binary discriminant plot, models and 

multivariate statistics indicate a near shore shallow marine 

paleoenvironment; with fluvial influence was prevalent in this 

area during the Thanetian age. 
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1. Introduction 

Sand facies within the Imo Formation, Niger Delta which is the object of this study has been proven 

to be aquiferous in parts of Ofumwegbe Community and environs near Okada (Fig. 1), Northern 

Niger Delta Basin region of Nigeria. Warm groundwater occurrence (up to 520C) was recently 

reported from a number of water wells drilled around this community. Reports on the 

sedimentological aspects of sand members within the Imo formation in this area are either 

unavailable or inaccessible to the scientific community perhaps due to paucity of outcrops. 

However, there are reports of outcrops in a few places in central and eastern Niger Delta such as: 

Ebenebe–Awka, and Ozu-Akoli – Amaeke axis, Ugwuoba, etc [1, 2, 3, 4, 5, 6].  An evaluation of 

these outcropping sand units resulted in the identification of Ebenebe, Umuna and Igbaku sand 

members within the Imo Formation [4]. Lithologically, the characteristics of these sand members 

are described as dominantly medium to coarse, well sorted quartzose framework with trace fossils 
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typical of agitated shoreline environment [2, 3, 5, 6]. Whereas textural descriptions of sand members 

within the Imo Formation exist Central and Eastern Niger Delta Basin [1, 2, 3 4, 5, 6], very little 

information on the textural characteristics of the Imo Formation sand facies in the Northern 

Depobelt exist. Interestingly, several unpublished reports from hydrocarbon wells such as Akukwa-

II, Igbariam-1, Iji-1, Okpo-1, Anambra River 1, 2, 3 hydrocarbon wells in central and eastern Niger 

Delta show good development of these sand bodies. Notwithstanding our inability to provide 

information on the primary sedimentary structures preserved in this unit in this area due to the nature 

of samples, this study provides insight into the textural characteristics as well as depositional 

conditions of this sand member, which will prove valuable in understanding the Thanetian 

Paleogeography of the Niger Delta Basin.  

 

 
Fig. 1: location map of study area 

 

 

2.0 Geology and Tectonic setting 

The Niger Delta Basin is a 75,000 sq. km. clastic, wedge which represents that final phase of the 

Benue Trough. The Anambra Basin and Atlantic Ocean respectively represents its northern and 

southern limits, while its eastern and western limits are the Benin and Calabar hingelines 

respectively. 
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Fig. 2, a: Map of Niger Delta showing study area (red box), depobelts and structural domains 

modified after [7]; b: Lithostratigraphy of Niger Delta basin from NE-SW transect [8]. 

 

 

Structurally, the Niger-delta Basin is a passive margin basin. It is underlain by continental 

lithosphere in its up-dip end and transitional to oceanic crust down-dip. A North-South cross-section 

reveals a structural framework which is a consequence of the prevailing gravity driven tectonics 

[gravity spreading[9], characterized by three (03) underlying structural domains (Fig. 2a), which 

are: 1) an proximal updip extensional realm wherein listric growth faults predominates; 2) a middle 

translational realm wherein mudstone diapirs are common; 3) and a distal compressional realm 

wherein thrust faults predominates [10, 7, 11]. Five (05) smaller regional sub-basins or depobelts 

have been demarcated, each limited by down to the basin regional and counter regional bounding 

faults. [12, 13]. These depobelts which become progressively younger southwards are: the Northern 

Delta, the Greater Ughelli, the Central Swamp I & II, the Coastal Swamp and the offshore depobelts.  

 

The Basin’s lithostratigraphic units are time transgressive, consisting of the Benin Formation, the 

Agbada Formation and the Akata Formation ( Fig. 2b) in stratigraphic order, with thickness upto 12 

km [14, 12, 15, 13]. The subcropping Akata Formation, which is co-eval with the Ewekoro 

Formation in the Benin Basin outcrops updip as the Imo Formation, consists primarily of mudstones 

and subordinate sand facies. Its thickness varies from up to 7km updip to about 5km downdip. The 

overlying subcropping Agbada Formation outcrops as the Ameki and Ogwashi-Asaba formations 

updip. It comprises of up to 3.5 km thick succession of sand-mudstone intercalations of [9]. The 

lower segment of this lithostratigraphic unit show greater mudstone thickness which reduces up 

section (stratigraphy). The overlying outcropping Benin Formation comprises of gravels, sands, 

clays, peat and ironstone units, which could get up to 2 km in thickness. 

 

2.2 Local Geology 

The wells within Ofumwengbe community lie within the oldest depobelt of the Niger-delta Basin- 

the Northern depobelt, wherein the Imo Formation outcrops. The deposition of the Imo Formation 

was consequent upon the Thanetian flooding which enveloped the Upper Cretaceous-Danian 
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sediments of the Anambra Basin [4, 5]. Up to 1000m of sediment thickness has been reported along 

the Imo River [16]. Lithologically, the Imo Formation has been described as consisting 

predominantly of grey calcerous mudrocks, with subordinate sand [Ebenebe, Umuna and Igbaku] 

members [4] and infrequent limestone and ironstone units. Mineralogically, kaolinite and quartz 

predominates with minor amounts of montmorillonite, illite, calcite, rutile, ilmenite and haematite 

[17]. The Imo Formation contains copious amounts of micro and macro fossils such as forams, 

ostracods, bivalves, gastropods and cephalopods. Diagnostic species of the aforementioned 

alongside sedimentological analysis have supported a shelfal paleoenvironment [16, 18, 1, 4, 5,  6].  

Stratigraphic control was established from (unpublished) index palynomorphs index specimens such 

as: Retidiporities magdalenensis and Longapertites vaneendenburg, Verrucatosporites usmensis, 

Ifecysta sp., Kallosphaeridium cf. yorubaensis and Adnatosphaeridium sp., which confirm a Middle 

to Late Paleocene age for the sediments of the Imo Formation penetrated by the wells.  

 
Fig. 3: Lithologic Column of OB and EG wells  

 

3.0 Materials and Method 

Seventy-four (74) samples comprising sixty-eight samples (68) from the non-aquifer section and six 

(06) samples from the aquifer section were obtained from OB and EG wells drilled by Edo State 

Government around Ofunmwegbe community, near Okada. The lithological characteristics of the 

samples were described before subjecting about 1 g of the materials to effervescence test with dilute 

Hydrochloric acid (0.5M). The effervescence test technique of CaCO3 estimation is an in-house 

technique hinged on the widely known fact that CaCO3 reacts with HCl to give off CO2, evidenced 

by effervescence. Therefore, the degree of effervescence is directly proportional to the 

Concentration of CaCO3 in the sample.  Following this background, a subjective visual scheme of 

quantitatively estimating the concentration of CaCO3 in sediment samples has been developed  
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based on the degree of effervescence observed from each sample. In this scheme, a zero (0) 

effervescence depict the absence of CaCO3 in the sample. A value of 1on the scheme represent an 

observation of weak (mild) effervescence, depicting low concentration of CaCO3.,  where as a value 

of 2 represent an observation of moderate degree of effervescence, depicting a moderate 

concentration of CaCO3 in the sample. Furthermore, a value of 3 on the scheme represent an 

observation of strong degree of effervescence, depicting a high concentration of CaCO3 in the 

sample.  
 
The remaining portions of the six (06) samples from the aquifer section of wells OB (1080-1090ft, 

1090-1100 ft and 1100-1110ft) - and EG (230ft, 250 and 330ft) were subjected to visual particle 

size analysis and dry sieve (50g) analysis using stereo microscope (aided by comparator) and set of 

sieves respectively. After dry sieving, the individual weight of sample retained in each sieve was 

recorded, followed by computation of individual weight percent as well as the cumulative weight 

percentage. A cumulative frequency curve (ogive) of particle diameter (mm) versus cumulative 

weight percent was plotted thereafter. The corresponding values of the following percentile; 5%, 

16%, 25%, 50%, 75%, 84% and 95% were read off from the ogive curve. These were used to 

calculate the statistical parameters of standard deviation, skewness, kurtosis, mean and median as 

shown below. Equations 1-4 [19] were used to derive the various grain size parameters. 

 

 
 

In addition, the data obtained from granulometry was used to generate discriminant binary plot after  

[20] and subjected to multivariate analysis [21] to underpin the ancient depositional environment as 

shown in Table 1. 

 

Table 1: Paleoenvironmental discrimination from multivariate statistics [21] 
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4.0 Results and Discussion 

Descriptions of the cuttings reveal a dominance of mudstone facies and subordinate sand facies 

(Fig. 3). The result of the sedimentological analysis is shown in Tables 2-4. In addition, the levels 

of effervescence observed consequent upon acid treatment vary from zero (0) to three (3) 

representing absent to strong effervescence levels respectively (Table 4).   

 

4.1 Textural characteristics 

4.1.1. Framework characteristics: 

The samples are dominantly medium grained sands (98% - 100% framework particles), with average 

mean and median particle size of 1.87 and 1.93 respectively (Tables 2-5), implying transportation 

by traction (Fig. 4). In addition, the samples are leptokurtic, negatively (coarse) skewed, moderately 

well sorted with subangular to subrounded framework. 

4.1.2. Textural maturity 

The textural maturity of sands is a function of sorting, degree of roundness and amount of clay 

matrix present (Fig. 5; [22]).  Textural maturity improves with better sorting, greater degree of 

roundness and reduction in clay matrix present. The materials under investigation show up to 2% 

clay matrix, with moderately well sorted and subangular to subrounded grains. Thus implying that 

the sands are texturally submature to mature. 

 

Table 2: Sieve analysis result for OB well 
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Table 3: Sieve analysis result for EG well 

 
 

4.2 Depositional environment 

Sand particles deposited by traction with good textural maturity are typical of arid and near shore 

environments (Fig. 6). The dominance of quartz and absence of feldspar in the framework, as well 

as paleoclimatic models which suggest Nigeria was under warm humid climate in the Paleocene 

Period [23] makes an arid paleoenvironment unlikely. A near shore environment is preferred over 

an arid environment due to the coarse to near symmetrical Skewness [24] the observed high degree 

of effervescence from calcite cement which suggests proximity to a marine source. Furthermore, 

our hypothesis is supported by multivariate analysis (Fig. 7) that suggests a prevalent near shore-

shallow marine paleoenvironment, which is congruent with the findings from previous works [4, 5, 

6]. Discriminant plot of skewness vs. standard deviation (Fig. 8) suggest some fluvial influence on 

the samples from EG well, which is interpreted to be due to the more proximal location of the well. 

 

 

 

 

 

 



 
 Edegbai, A.J, Ehigie, V./ Journal of Science and Technology Research 

6(1) 2024 pp. 234-244 

241 

 

Table 4: Result of Visual Textural Analysis and Effervescence test. 

 
 

 
Fig. 4: Plot of Cumulative weight percent against diameter (mm)    

 

 
Fig 5: Textural maturity of Sandstones as a function of matrix content, sorting and degree of 

roundness [22]. 
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Table 5: Result of sieve analysis and multivariate statistics 

                  
 

 

 
Fig 6: Particle size distribution in various depositional environments [22]. 

 

 

 

 
                   Fig 7: Paleoenvironmental discriminant plot from multivariate analysis [21] 
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                Fig 8:  Binary discriminant plot of Skewness vs. Standard deviation [20]. 

 

5.0:  Conclusion 

From the foregoing, this study has revealed that the samples are dominantly well sorted medium 

grained sands with subangular to subrounded quartzose framework, which are texturally submature 

to mature. In addition, a near shore shallow marine paleoenvironment, with fluvial influence is 

hypothesized as the prevalent environment of deposition in this area. 
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