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Abstract 

The Campanian - Maastritchian Sandstone, Lokoja Bassange Formation, Bida Basin, was studied to decipher 

its ancient environment, the mechanism of transport and the sedimentological characteristics of the sandstone. 

The results of grain size analysis show that the sandstone has medium-sized grains that are leptokurtic to 

extremely leptokurtic, moderately well-sorted to moderately sorted, and primarily near symmetrical to coarsely 

skew. The medium-grained sediments imply that grains have been transported over a considerable distance. The 

near symmetry of the sediments suggests that the processes of erosion and deposition are almost in equilibrium 

with one another. Leptokurtic grains predominate in the sandstone, indicating compositionally immature and a 

texturally mature sandstone. The coarse positive skewedness indicates a fluvial (non-beach) paleoenvironment 

origin. Also, the sorting of Ifon Sandstone at Uzebba and Ori-Ohin ranges from 0.54-1.26 (0.90 average) and 

0.62-1.42
  
(1.0. average) which are both of fluvial origin, after Folk’ environmental classification. The results 

from the environmental discrimination plots which indicate an ancient fluvial depositional environment. The 

mechanism of transportation reveals that the sediments were moved and deposited by rolling, bottom 

suspension, and rolling, which are indicative of a high-energy, turbulent environment with high wave activity 

and tractive current deposits. 
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1.0 Introduction 

The Lokoja Formation is a geological Formation in Nigeria that provides valuable insights into the region’s 

tectonic evolution and paleoenvironmental conditions. The formation contains a rich fossil record, offering clues 

about evolution of life on earth and the regions paleoecological history. It is a stratigraphic unit in the region, 

which helps to construct the timing and correlation of geological events, (Vrbka et al., 1999) through the use of 

grain size frequency distribution and textural characteristics. Several authors have highlighted and discussed the 

value of grain size analysis in the reconstruction of ancient depositional environments and sediment dynamics 

(Friedman, 1967; McLennan et al., 1993; Oredein et al. 2014; Armstrong-Altrin et al., 2019; Ayala-Perez et al., 

2021; Abimbola et al., 1999; Ojo and Akande, (2003, 2006, 2009). Numerous studies have focused on the 

southernmost part of the late Cretaceous Bida (Mid-Niger) Basin (Fig.1b). While previous study focus mostly 

on textural characteristics, biostratigraphy, the environment of deposition, the potential for hydrocarbon 

production, sequence stratigraphy, the inherent nature of source rocks, the tectonic setting of the emplacement 
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of sedimentary products, and the levels of weathering are being better understood through the use of 

geochemistry, (Armstrong-Altrin et al., (2004, 2017, 2018); Dey et al., 2009; Udensi and Osazuwa, 2004; 

Adeleye (1973, 1974, 1989); Jan du Chene et al., 1978; Agyingi, 1991; Braide,1992; Ladipo et al., 1994; 

Abimbola, 1997; Obaje, 2013). This study, examines the textural attributes of the Ifon Sandstone, of the Lokoja 

Formation, to infer the environment of deposition and the mechanism of transportation and deposition of the 

sedimentary rocks which is a gray research area that helps to determine ancient environmental processes.  

 

2.0 Materials and methods 

2.1 Location of Study Area  

The research area is located in Lokoja formation within  Bida Basin (Fig. 1b), mid-way between the Ifon-Uzebba 

and Ifon-Akure area, with the Coordinates of Ifon Sandstone, which is situated along Ifon-Uzebba (Fig. 2a) road 

(N 0060 055' 7.055" and E 0050 044' 37.6"); and that of Ifon-Akure in Ori-Ohin (Fig. 2b), with Coordinates of 

N 0060 057' 007.07" and E 0050 046' 043.98"  as represented on the Geological map of the study area (Fig. 1a) 

The study area is drained with streams and several river channels with accessible roads and paths. 

 

 

Figure 1a:  Map of Ifon Ogbese and Sobe geology and sampled locations. 
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Figure 1b: Geological map of Nigeria showing the Bida basin (After, Adeniyi 1985; Udensi and Osazuwa 2004)

       

 

Figure 2a:  Ifon Sandstone, along Ifon-Uzebba road 
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Figure 2b:  Ifon Sandstone, along Akure road in Ori-Ohin  

2.2 Sample Collection 

Twenty (20) fresh sediment outcrop samples were collected along the Ifon-Uzebba (Figure 2a) and Ifon-Akure 

Ori-Ohin area (Figure 2b). Techniques for chip and grab sampling were employed. Hammer, chisel, GPS, 

compass clinometer, and sample bags were among the equipment utilized. From the collected samples, grain 

properties and pebble morphology were identified. 

2.2.1 Grain-size Analysis  

Twenty samples of sandstone were subjected to grain size analysis using the mechanical sieving method. About 

100g of each sample was broken up using a porcelain mortar and pestle. Before being separated into quarters, 

the disaggregated samples were thoroughly mixed. The samples were weighed with a P20 model precision 

0.011g meter balance.  

The samples were received on a pan of set of US mesh sieves measuring (2.00, 1.18, 0.85, 0.60, 0.425, 0.5, 0.30, 

0.10, 0.075, 0.025 and 0.063) mm. A balance was used to weigh the fraction that was kept in each sieve and 

pan, and the weight was recorded and calculated. 

2.2.2 Pebble morphometric Analysis  

Ten samples of 200g of sand were weighed; more than 80 Pebbles were selected. The collected stones were 

later examined to weed out any that was fractured or recently broken. These stones were cleaned, given a 

number, and brought to the lab for analysis. The lengths of the pebbles' long (L), intermediate (I), and short (S) 

axes were determined using a vernier caliper.  

 

3.0 Results and Discussion 

A systematic presentation of the findings from the textural and pebble morphometric analyses is made. In order 

to facilitate and comprehensively analyze the data, tables, bivariate plots, plates, and coarsest particles - median 

(CM) diagrams are employed. These results are presented in the order in which they were collected. 
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3.1 Textural characteristics and depositional environment of the Ifon Sandstone 

The Ifon sandstone is medium to coarse grained, moderate to poorly sorted, coarsely skewed to nearly 

symmetric, and predominately leptokurtic (IFZ 1-10). The Ori-Ohin Ifon sandstone (IFA 1-10) is leptokurtic, 

fine-skewed to symmetrical, moderately sorted, and coarse-grained (Table 1). The median, mean, mode, sorting, 

skewedness and kurtosis of Ifon-Uzebba (IFZ) sandstone ranges are 1.13-2.37, 1.09-2.75, 1.25-2.75, 0.54-1.26, 

0.01-0.20, and 0.97-1.72 (IFZ), respectively.   Additionally, the median, mean, mode, sorting, skewedness and 

kurtosis of Ifon-Akure (IFA) sandstone ranges are as follows: 1.12-2.35, 1.10-2.33, 1.10-4.00, 0.62-1.42, 0.01-

0.26, and 0.58-1.72, respectively (Table 1). Folk (1965) classified sorting values as: (1-3) ϕ for sand class; 

(0.25–0.5) ϕ for beach sand and (0.35-1.0) ϕ for fluviatile / shallow marine sand. The Sorting for Ifon Sandstone 

(IFZ and IFA) ranges from 0.54-1.26 (0.90 average) and 0.62-1.42 (1.0 average) ϕ which typifies a fluvial and 

/or shallow marine environment. This is corroborated by the results of the environmental discrimination plots, 

(Fig. 4a and 4b).   

The Skewness vs. Standard deviation curve (Fig. 3b) for the investigated samples shows that 97% of the data 

points plot in the near symmetry field, with 1.5% plotting as both Coarse and Fine Skewed. The Kurtosis vs. 

Skewedness curve (Fig. 3c) reveals that the sediments are mostly Leptokurtic to extremely Leptokurtic, with 

around 1% of the grains being Mesokurtic. Only 1.5% of the sandstone grains are fine-grained, according to the 

standard deviation vs. mean curve (Fig. 3a) shows that 98.5% of the grains are medium-grained. Most of the 

Sandstone grains are well to moderately well sorted with a small percentage been poorly sorted, Sorting 

describes the distribution og grain sizes within a sediment. The sorting of this study indicates a uniform to 

variable energy environment typical of a mixed energy environment. This sorting is consistent with a beach and 

/or fluvial depositional environment, (Ilevbare and Imasuen, 2020). The fluvial environment of deposition is 

authenticated by the sedimentological discrimination plots of Skewness vs. Median (Fig. 4a) and Standard 

deviation vs. Median (Fig. 4b) both plots show the majority of the samples plotting in the fluvial/river 

paleoenvironment. This fluvial environment is further corroborated by the Sames’ (1966) environmental 

delineation plots (Fig. 5a & 5b) which confirms a continental fluvial environment, (Ilevbare and Omodolor, 

2020).  

3.2 Pebble morphology, transport mechanism and environment of deposition 

Pebble morphology can provide valuable insights into the transport mechanism besides been used as a tool for 

environmental discrimination. The transport mechanism associated with pebble could be fluvial transport, 

glacial transport and coastal transport. The roundness and sphericity index of this study are consistent with 

pebbles that have been transported by fluvial and coastal transport giving pebbles that are sub-rounded to 

rounded, smoothed and slightly polished which are of great significance in paleoenvironmental reconstruction 

and in Basin analysis, (Ilevbare and Omodolor, 2020). The samples have average values for the oblate probate 

(OP) index, flatness ratio, and elongation ratio are 0.48, 0.77, and 2.26 respectively. The average values for 

roundness, bladed shape, and maximum projection sphericity are 35%, 0.49, and 0.65.  The bladed forms of the 

pebbles examined are Platy bladed, compact bladed, and bladed to compact elongate, (Table 2).  

The environment discrimination plots of this study (Fig. 5a and 5b) help to infer the ancient environment in 

which the pebble was deposited. In both cases, the plot of roundness versus elongation (Fig. 5a) and that of 

sphericity versus Oblate probate index (Fig. 5b) have over 96% of it’s data points of the pebble plotting in the 

fluvial environment. This shows that Ifon sandstone from the pebble morphology are of fluvial deposition 

environment. Therefore, these pebble morphometric plots provide a better understanding of the geological 

history and processes that have shaped sediments of the Lokoja sandstone in the area studied. 
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Figure 3a: Textural plot of sorting versus mean (after Ilevbare and Imasuen, 2020) 

 

Figure 3b: Textural plot of skewness sorting versus mean (after Ilevbare and Imasuen, 2020) 
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Figure 3c: Textural plot of kurtosis versus skewness (after Ilevbare and Imasuen, 2020) 
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Table 1: Summary of Results obtained from Grain Size Analysis and its Interpretation 

Sample Median 

  

Mean 

  

Mode 

  

S.D 

(Sorting) 

  

Skewness 

  

Kurtosis 

  

Interpretation of the textural attributes 

IFZ1 1.43 1.46 1.25 1.01 -0.05 1.35 Poorly sorted, near symmetrical and leptokurtic 

IFZ2 1.60 1.55 1.75 0.54 -0.12 1.36 Moderately well sorted, coarse-skewed and leptokurtic 

IFZ3 1.99 1.96 2.75 0.64 -0.13 1.50 Moderately well sorted, coarse-skewed and leptokurtic 

IFZ4 1.27 1.29 1.25 0.95 0.18 1.03 Moderately sorted, fine skewed and mesokurtic 

IFZ5 1.13 1.09 1.25 1.26 0.03 1.17 Poorly sorted, near symmetrical and leptokurtic 

IFZ6 1.26 1.19 1.25 0.91 0.06 1.72 Moderately sorted, near symmetrical and very leptokurtic 

IFZ7 2.37 2.06 2.75 1.20 -0.25 1.66 Poorly sorted, coarse-skewed and very leptokurtic 

IFZ8 1.48 1.50 2.75 1.26 0.01 0.97 Poorly sorted, near symmetrical and mesokurtic 

IFZ9 2.37 2.33 2.75 0.84 -0.08 1.21 Moderately sorted, near symmetrical and leptokurtic 

IFZ10 1.67 1.69 1.75 0.72 0.20 1.40 Moderately sorted, fine skewed and leptokurtic 

IFA1 1.47 1.46 1.75 0.77 -0.01 1.33 Moderately sorted, near symmetrical and leptokurtic 

IFA2 1.64 2.03 4.00 1.42 0.26 0.58 Poorly sorted, fine skewed and very platykurtic 

IFA3 1.40 1.37 1.75 0.97 0.02 1.66 Moderately sorted, near symmetrical and very leptokurtic 

IFA4 1.97 1.94 2.75 0.62 - 0.13 1.67 Moderately well sorted, coarse skewed and very leptokurtic 

IFA5 1.26 1.19 1.25 0.91 0.06 1.72 Moderately sorted, near symmetrical and very leptokurtic 

IFA6 1.99 1.96 2.75 0.64 -0.13 1.50 Moderately well sorted, coarse-skewed and leptokurtic 

IFA7 1.26 1.30 1.25 0.94 0.18 1.02 Moderately sorted, fine skewed and mesokurtic 

IFA8 1.12 1.10 1.25 1.22 0.02 1.18 Poorly sorted, near symmetrical and leptokurtic 

IFA9 1.25 1.20 1.25 0.90 0.04 1.70 Moderately sorted, near symmetrical and very leptokurtic 

IFA10 2.35 2.04 2.70 1.20 -0.25 1.64 Poorly sorted, coarse-skewed and very leptokurtic 
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Table 2:  Pebbles morphometric data for the Ifon Sandstone 

Sample L 

(cm) 

I 

(cm) 

S 

(cm) 

S/L I/L OP 

Index 

Form 

Name 

Roundness 

% 

Bladed 

form  

(L-1)/(L-5) 

Maximum 

Projection 

Sphericity  

IFZ1 1.29 0.95 0.48 0.37 0.74 -2.50 B 20 0.57 0.40 

IFZ2 1.27 0.99 0.66 0.52 0.78 -0.77 B 20 0.46 0.70 

IFZ7 1.31 0.87 0.66 0.58 0.77 0.86 CB 20 0.55 0.72 

IFZ8 1.52 1.27 0.66 0.43 0.84 -4.88 P 20 0.29 0.60 

IFZ10 1.36 1.11 0.77 0.57 0.82 -1.40 B 40 0.42 0.72 

IFA1 1.22 1.05 0.57 0.47 0.86 -5.11 P 20 0.26 0.63 

IFA2 1.63 1.17 0.65 0.40 0.72 -0.75 B 30 0.47 0.61 

IFA7 1.49 0.04 0.65 0.44 0.70 0.91 B 100 0.54 0.65 

IFA8 1.13 0.82 0.71 0.53 0.73 3.81 CE 40 0.74 0.80 

IFA10 1.69 1.20 0.85 0.50 0.71 1.60 CB 40 0.58 0.70 

 

Where: L = long dimension; P =Platy Bladed; I =Intermediate dimension; CB = Compact Bladed; S = Short 

dimension; S/L = Flatness; I/L = Elongation; B =Bladed; CE= Compact Elongate; Cube root of S2/LI  = 

Maximum Projection Sphericity 

 

 
Figure 4a: Environmental discrimination of skewness (after Ilevbare and Imasuen, 2020) 
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Figure 4b: Environmental discrimination plots of standard deviation versus median (after Ilevbare and 

Imasuen, 2020) 

 

Figure 5a: Roundness versus elongation (after Ilevbare and Imasuen, 2020) 

 

 

Figure 5b: Sphericity versus oblate probate index (after Ilevbare and Imasuen, 2020) 

 3.3 Mechanism of transportation and deposition of the Ifon Sandstone 
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The distinction between the sediments of various habitats of fluvial and deltaic deposits is made possible by 

grain size analysis and plot of CM patterns (Passega, 1964; Rajganapathi et al., 2012; Ilevbare and Omodolor, 

2020). The CM diagrams (Fig. 6a & 6b) help to infer the transportation history. The letters NO (rolling), OPQ 

(bottom suspension with rolling), QR (graded suspension no rolling), RS (uniform suspension), and S (pelagic 

suspension) set apart three parts of the CM pattern. The data points of the samples fit into one of three 

categories—rolling, bottom suspension, or rolling—according to Ifon sediment data (Fig. 6b). The result shows 

that the Ifon sandstone was transported and deposited in the present location by bottom suspension and rolling 

which is attributed to a very turbulent environment characteristic of a tractive current.  

 

 

Figure 6a: Coarsest sand versus median (CM) diagram for water current type (after Ilevbare and Omodolor, 

2020) 

 
Figure 6b: Coarsest sand versus median (CM) diagram for transport (after Ilevbare and Omodolor, 2020) 

 

4.0 Conclusions 

The findings of the study on the ancient sedimentological characteristics and mechanism of transport of Lokoja 

formation, Bida basin reveals the textural characteristics of the sandstone as medium-grained, moderately well 
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sorted, with moderately to poorly sorted grains that are primarily near symmetrical to coarsely skewed and 

leptokurtic. The paleoenvironment of the Ifon Sandstone is continental fluvial and/or river environment with 

the mode of sediment transport and deposition of the sandstone as rolling, bottom suspension, and rolling, which 

is typical of a high-energy, turbulent environment. 

Overall, study have provided insights into the ancient environments, climates and geological processes that has 

helped to shape the region. Also, an understanding of the Sedimentological characteristics and transport 

mechanisms of the Ifon Sandstone can inform hydrocarbon exploration and production in this region while 

ensuring a more effective and sustainable use of geological resources. 
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