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1. Introduction 
Granulometric, morphometric, and petrographic analyses 
are extensively employed in sedimentology as effective 
methods for identifying sedimentary processes and 
depositional environments. The distribution of particle sizes 
is a crucial physical characteristic of sediment (Wang et al., 
2021) and serves as an important tool for classifying 
sedimentary environments (Blott and Pye, 2001). The 
composition of sediments results from the source material, 
weathering, and transportation, linking sandstone 
framework compositions to their provenance (Dickinson et 
al., 1983). Grain size influences the entrainment, transport, 

and deposition of sediments, offering insights into their 
transport history, energy conditions, depositional 
environments, provenance, and mode of transportation 
(Blott and Pye, 2001; Boggs, 2009; Rahman et al., 2022).  
 
Additionally, grain properties and textures impact porosity, 
permeability, and other rock properties (Boggs, 2009; Folk, 
1966). Morphometric analysis can be used to determine 
provenance, weathering and transport history, energy 
conditions, and depositional environments (Barudžija et al., 
2020; Boggs, 2006; Wadell, 1934). Sedimentary particles can 
exhibit a wide range of morphometric properties and shapes 

 
 

International Journal of Earth Sciences Knowledge and Applications 
 

journal homepage: http://www.ijeska.com/index.php/ijeska 
 

 
 

Research Article e-ISSN: 2687-5993

 
Sedimentary Petrology and Paleogeography of the Eocene-Sandstone 
Facies of Ilaro Formation, Dahomey Basin, South-Western Nigeria 
 
Christopher Uyabeme Enuenwosu1*, Moses Uyota Ohwo1, Ayamezimi Oziofu Ehinlaiye1 

1Department of Geology, Faculty of Physical Sciences, University of Benin, Benin City, Edo State, Nigeria 

 
I N F O R M A T I O N  A B S T R A C T 

Article history 
Received 23 August 2024 
Revised 03 October 2024 
Accepted 07 October 2024 
 
Keywords 
Provenance 
Pebble morphometric analysis 
Petrology 
Lithofacies 
Paleocurrent           
 
Contact 
*Christopher Uyabeme Enuenwosu 
  uyabeme.enuenwosu@physci.uniben.edu  

 

This study examines the depositional processes and paleo-environment of sediments and 
pebbles from three sampled locations of the Tertiary Ilaro Formation in the Nigerian 
section of the Dahomey Basin.  Petrographic analysis revealed that the sandstones are
primarily arenites and sub-feldspathic arenites, based on the proportions of quartz, 
feldspar, and lithic fragments. The textural immaturity of the sandstones suggests that the 
sediments were transported from a nearby source and deposited along a passive 
continental margin. Grain size analysis indicated that the mean, standard deviation 
(sorting), skewness, and kurtosis values for sediment samples from the three locations 
ranged from 0.3 to 1.7, 0.7 to 2.0, and 0.4 to 1.5, respectively, indicating medium- to 
coarse-grained sandstones; 0.3 to 1.5, 0.5 to 0.8, and 0.8 to 1.2, indicating poorly sorted 
to very poorly sorted sandstones; 0.6 to 0.46, -0.08 to 0.19, and 0.07 to 0.25, indicating 
fine skewed with a few coarsely skewed; and 0.8 to 3.28, 0.81 to 1.5, and 0.93 to 1.23, 
indicating platykurtic, leptokurtic to mesokurtic, respectively. Grain size analysis 
indicates medium- to coarse-grained sandstones, with poor sorting indicating rapid 
deposition by strong, fluctuating currents. Bivariate plots help distinguish fluvial 
depositional environments from others. The C-M pattern of these sediments indicates 
transportation by bottom suspension. Pebble morphometric analysis and environment 
indicator plots suggest a fluvial paleoenvironment of deposition. A Mineralogical 
Maturity Index (MMI) of 14.30 and a Zircon-Tourmaline-Rutile (ZTR) index of 68.01% 
indicate mineralogically mature deposits and chemically immature to sub-mature 
sandstones. The combined results of granulometric statistics, morphometric indices, 
petrography, bivariate plots, and the absence of fossils or trace fossils suggest that these 
sediments were transported by rolling and bottom suspension over a short distance and 
deposited by a moderate- to high-energy fluvial system close to the source.  
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depending on their history (Boggs, 2006). Information can be 
derived from the clasts' size and shapes, their overall 
distribution and size fraction percentages, the sediment's 
textural maturity, the surface texture, and the general 
morphology of the particles (Krumbein and Sloss, 1963; 
Syvitski, 2007). Numerous researchers have utilized 
framework composition to enhance provenance models and 
deduce the tectonic origins of sandstones (Crook, 1974; 
Dickinson et al., 1983; Suttner et al., 1981; Weltje and Von 
Eynatten, 2004).  
 
Provenance analysis of siliciclastic sedimentary rocks has 
been employed to uncover the composition and geological 
evolution of sediment sources and to characterize the tectonic 
setting of depositional basins (Zaid, 2013). Textural 
characteristics of sediments are influenced by sedimentary 
processes such as weathering, erosion, and transportation 

(Ilevbare and Omodolor, 2020). Parameters like mean grain 
size, sorting, skewness, and kurtosis provide insights into the 
size, shape, and sorting of grains.  
 
Previous studies have used grain size statistics to interpret 
sandstone environments; for example, Keller (1945) and 
Mason and Folk (1958) examined beaches versus dunes, 
Friedman (1961) studied fluvial versus beach versus dune 
environments, and Rogers and Strong (1959) compared 
beaches and fluvial settings. Different grain size distributions 
correspond to variations in transport and depositional 
processes, reflecting the distinct sedimentary environments 
(Ma et al., 2020). Sedimentologists focus on three main 
aspects of grain size (Boggs, 2006): (a) measurement 
methods, (b) techniques for presenting data graphically or 
statistically for easy evaluation, and (c) the genetic relevance 
of the data.  

 
 
 

 
 

Fig. 1. Dahomey Basin is shown on a regional Gulf of Guinea map in respect to other basins (Adapted from Brownfield et al., 2006) 
 
 
 

Grain size data can be represented graphically or 
mathematically/statistically. The graphical method involves 
plotting grain size data, while the mathematical approach 
uses statistical variables such as mean, sorting/standard 
deviation, kurtosis, and skewness. In pebble morphometric 
studies, form indices have proven useful for indicating 
depositional environments (Pettijohn, 1975; Barudzija et al., 
2020). Three main parameters control the morphometric 
characteristics of clastic sediments: shape, roundness, and 
sphericity (Boggs, 2006). Clast shape is influenced by factors 
such as the original grain shapes from the source area, 
orientation and fracture spacing in bedrock, sediment 
transport intensity and nature, and post-depositional 

processes that might alter the clasts original shape (Boggs, 
2006). For example, sphericity reflects depositional 
conditions, while roundness indicates the degree of abrasive 
history (Pettijohn, 1975). Pebble morphometry has been 
instrumental in distinguishing between modern beach and 
river sediments, aiding in reconstructing ancient sedimentary 
environments (Blatt, 1959; Cailleux, 1945; Dobkins and 
Folk, 1970). Despite their utility in studying siliciclastic 
sedimentary rocks, grain-size parameters have limitations. 
One major limitation is the alterations or modifications that 
a framework component undergoes due to diagenesis 
(Ahmad et al., 2021; Ghaznavi et al., 2019). Nonetheless, 
grain size parameters have been effectively used in previous 
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research to understand sediment transportation mechanisms, 
provenance, and depositional environments. The Tertiary 
section of the Nigerian sector of the Dahomey Basin presents 
a significant challenge due to the lack of comprehensive 
sedimentological data; to address this challenge, this study's 
main goals are to characterize the sandstone and understand 
the paleo-depositional environment of the Tertiary sediments 
from the Nigerian sector of the Dahomey Basin. This 
approach is essential for advancing geological knowledge 
and driving sustainable development in the region. 
 
2. Regional Geology and Tectonic Settings 
The Dahomey Basin (Fig. 1) in Nigeria borders the Niger 
Delta Basin's northwest axis and stretches westward across 
Western Nigeria to the Volta Delta Complex in Ghana 
(Whiteman, 1982). It is separated from the Northern Niger 
Delta Basin in the southeast by the Okitipupa Ridge, a 
submarine basement high and an extension of the Ilesha 
Spur. A fault defines the Benin hinge line, which is located 
near the ridge's southeasterly tip. (Adegoke and Omatsola, 
1981; Ejedawe and Coker, 1984). Sedimentary formations 
from the Cretaceous to the Tertiary make up the Basin and 

are exposed in an arcuate strip that runs nearly parallel to the 
former coastline (Omatsola and Adegoke, 1981). 
 
According to prior research, the basin has remained largely 
steady throughout the Cretaceous period, with the main 
factors affecting sedimentation being subsidence, uplift, and 
alterations in sea level. Tertiary basin formation appears to 
be somewhat complicated, due to differing structural 
characteristics and depositional patterns, the Cretaceous and 
Tertiary ages can be distinguished by this feature. Overlying 
the basement rocks across the basin is the Abeokuta Group, 
which comprises several folded conglomerates consisting of 
sandstones and sands with kaolinitic clay intercalation. 
 
The other subgroups of the Abeokuta Group are the Early 
Cretaceous Ise Formation, the Cenomanian to Maastrichtian 
Araromi Formation, which is roughly equivalent in age to 
the "Npkoro Shale" in the Anambra Basin, and the Afowo or 
Agwu Formations, which is made up of Cenomanian shales 
and Turonian sandstone. Above the Abeokuta Group are the 
Paleocene-Lower Eocene Ewekoro Formation and the 
Eocene Akinbo Formation. 

 
 
 

 
 

Fig. 2. Geological map of the studied location 
 
 
 

The Ewekoro Formation consists of coquinoidal limestone, 
whereas the Akinbo Formation consists of shallow marine 
shale and clayey succession. The Imo Formation is 
comparable to the Akata Formation in the Niger Delta and 
the Ewekoro Formation in the Eastern Dahomey Basin. The 
marine and sandy shales of the Eocene Oshosun Formation, 
which sits on top of the Imo Formation, are usually 
dominated by phosphatic minerals. At the Ilaro type locality, 

the Ilaro Formation, which overlies the Oshosun Formation, 
consists of massive, fine- to coarse-grained, crossbedded 
sandstones and clays, with occasional phosphate beds. The 
most recent geological segment within the Dahomey Basin, 
extending from the western to the eastern regions, is the 
Miocene to Recent Benin Formation. This formation consists 
mainly of sand sequences found in marine shelf 
environments. They are also used as filling materials in 
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construction works and as a major constituent in fertilizer 
production. Sediments rich in clay minerals occur as 
weathered regolith above basement rocks, especially where 
the rocks are rich in silicate minerals; or as materials carried 
into depositional basins during erosional phase. The Benin 
Formation (Fig. 1) is one of the sedimentary basins in Nigeria 
characterized by the deposition of sediments. Although there 
have been a number of studies in the Benin Formation, the 
clay deposits of the Benin Formation have not been fully 
explored by researchers. 
 
2.1. Location and geology of the Study Area 
The research area and its surroundings are located in 
Papalanto, Ajegunle and Ifon situated within the Ilaro 
Formation. Major and minor roads, as well as other nearby 
routes, make the studied location accessible. The map 
depicting the study's location, the sampling points, and the 
geological map were generated by collecting GPS 
coordinates during field investigations (Fig. 2). The region, 
which spans portions of Ondo and Ogun states of southwest 
Nigeria, is located within Nigeria's humid tropical rainforest 
zone. It has high and lowlands and is undulating. The 
thinnest part of the basin is from Abeokuta to Ifon about 15 
km and towards the east (Ore) after Ijebu-Ode is the deepest 
basin ward part of the Basin. Erosional activities have 
resulted in the present-day topography of the area. 
Geological outcrop sections are distributed, showing a good 
representation of the area. 
 
3. Methodology 
The methods employed in this paper are granulometric, 
petrographic, heavy mineral separation, paleocurrent, and 

pebble morphometric analyses. The analyses were carried out 
in laboratories at the Department of Geology, University of 
Benin, Nigeria. 
 
3.1. Granulometric analysis 
Granulometric analysis was aimed at determining the size of 
the particles and their distribution within the rocks in the 
study area. The samples were first air-dried. Twenty-five (25) 
samples were selected for the grain size analysis by sieving. 
The samples were sieved through a nest of eight standard 
sieves that have progressively smaller openings at 1 phi 
intervals in a Ro-top mechanical sieving machine for 10 
minutes.  
 
The portion remaining within each sieve is weighed using a 
precise weighing scale. The obtained weights were then 
converted into weight percent, cumulative weight percent, 
and passing percentage. Using probability paper, the 
cumulative weight percent was plotted versus the mesh size 
in phi units. Percentile values of Φ5, Φ16, Φ25, Φ50, Φ75, 
Φ84 and Φ95 are derived from the Probability plots were 
created using Folks (1974) principles to calculate textural 
metrics such as mean grain size, sorting or standard 
deviation, skewness, and kurtosis.  
 
3.3. Heavy mineral analysis 
The method used for the heavy mineral separation was the 
gravity settling method as prescribed by Milner (1962) and 
the heavy minerals were identified using a reflecting 
microscope. The Zircon, Tourmaline, Rutile (ZTR) Index 
was calculated using the percentage of the combined zircon, 
tourmaline and rutile grains for each sample (Hubert, 1962).  

 
 
 

Table 1. Sedimentology parameters of sandstone sediments at Ajegunle outcrop, Ilaro Formation 
 

No Median Mean Description Std. Deviation Sorting Type Sk Skewness Type KG Kurtosis Type 

1 1.60 0.98- Coarse Sand 1.21- Poorly Sorted -0.97- Strong Coarse Skewed 1.07- Mesokurtic 
2 1.70 1.07-Medium Sand 1.04- Poorly Sorted -0.40- Strong Coarse Skewed 1.45- Leptokurtic 
3 1.50 1.59- Medium Sand 1.11- Poorly Sorted -0.27- Coarse Skewed 1.27- Very Platykurtic 
4 1.70 1.14- Medium Sand 1.28- Poorly Sorted 1.00- Strong Fine Skewed 0.80- Very Leptokurtic 
5 1.20 1.02- Medium Sand 1.06- Poorly Sorted 0.19- Fine Skewed 1.41- Leptokurtic 
6 1.30 1.10- Medium Sand 1.12- Poorly Sorted 0.26- Fine Skewed 1.52- Leptokurtic 
7 1.50 1.09- Medium Sand 1.38- Poorly Sorted -0.70- Strong Coarse Skewed 0.76- Leptokurtic 
8 1.70 1.65- Medium Sand -0.11- Poorly Sorted -0.77- Coarse Skewed 1.30- Platykurtic 
9 0.80 1.11- Medium Sand 1.21- Poorly Sorted 0.71-Strong Fine Skewed 0.77-Platykurtic 
10 1.90 1.30- Medium Sand 1.04- Poorly Sorted 0.05- Strong Coarse Skewed 0.10- Mesokurtic 
11 1.00 1.50- Medium Sand 1.25- Poorly Sorted 0.07- Near Symmetrical 0.93- Mesokurtic 
12 1.50 1.23- Medium Sand 1.19- Poorly Sorted -0.11- Coarse Skewed 0.99- Mesokurtic 

 
 
 

Table 2. Sedimentology parameters of sandstone sediments at Papalanto outcrop, Ilaro Formation 
 

No Median Mean Description Std. Deviation Sorting Type Sk Skewness Type KG Kurtosis Type 

1 1.70 1.63- Medium Sand 1.25- Poorly Sorted -0.18-Strongly Coarse Skewed 0.65- Very Platykurtic 
2 1.70 1.60- Medium Sand 1.08- Poorly Sorted -0.40-Strongly Coarse Skewed 1.17-Leptykurtic 
3 1.70 1.50- Medium Sand 1.30- Poorly Sorted -1.00- Strong Coarse Skewed 1.56- Leptokurtic 
4 1.80 1.70- Medium Sand 1.30- Poorly Sorted -0.87- Strong Coarse Skewed 1.60- Platykurtic 
5 0.80 0.70- Coarse Sand 1.21- Poorly Sorted -0.97- Strong Coarse Skewed 1.07- Mesokurtic 
6 0.20 0.30- Coarse Sand 1.30- Poorly Sorted 0.88-Strong Fine Skewed 1.61-Platykurtic 
7 1.10 1.79- Medium Sand 1.23- Poorly Sorted -0.20- Coarse Skewed 1.56- Platykurtic 
8 0.50 0.73- Coarse Sand 1.10-Poorly Sorted -0.25- Coarse Skewed 1.19- Very Platykurtic 
9 0.80 0.87- Coarse Sand 1.00- Poorly Sorted -0.97-Strongly Coarse Skewed 1.09-Mesokurtic 
10 1.00 1.07- Medium Sand 1.21- Poorly Sorted -0.27- Coarse Skewed 1.58- Platykurtic 
11 0.90 0.90- Coarse Sand 1.31- Poorly Sorted 0.57- Strong Fine Skewed 1.53- Leptokurtic 
12 1.00 1.17- Medium Sand 1.70- Poorly Sorted -0.70- Strong Fine Skewed 0.77- Platykurtic 
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Table 3. Sedimentology parameters of sandstone sediments at Ifon outcrop, Ilaro Formation 
 

No Median Mean Description Std. Deviation Sorting Type Sk Skewness Type KG Kurtosis Type 

1 1.30 1.3- Medium Sand 1.02- Poorly Sorted -0.03- Near Symmetrical 1.07- Mesokurtic 
2 1.50 1.40- Medium Sand 0.95- Moderately Sorted -0.13- Coarse Skewed 1.23-Leptokurtic 
3 1.60 1.53- Medium Sand 1.05- Moderately well sorted -0.11- Coarse Skewed 1.22-Leptokurtic 
4 1.30 1.30- Medium Sand 1.10- Poorly Sorted -0.11- Coarse Skewed 0.98-Mesokurtic 
5 1.20 1.27- Medium Sand 0.98- Moderately Sorted 0.08- Near Symmetrical 1.01-Mesokurtic 
6 1.40 1.37- Medium Sand 1.18- Poorly Sorted -0.07- Near Symmetrical 1.03-Mesokurtic 
7 0.30 0.40- Coarse Sand 0.87- Moderately Sorted 0.25- Fine Skewed 0.96-Mesokurtic 
8 1.30 1.30- Medium Sand 1.04- Poorly Sorted 0.05-Strongly Coarse Skewed 0.10-Mesokurtic 
9 1.40 1.50- Medium Sand 1.25-Poorly Sorted 0.07- Near Symmetrical 0.93-Mesokurtic 
10 1.30 1.23-Medium Sand 1.19-Poorly Sorted -0.11- Coarse Skewed 0.99-Mesokurtic 

 
 
 

 

 
 
Fig. 3 (A and B): Calibrated median and sorting statistical variables of sands in Ajegunle, Papalanto, and Ifon outcrops, Ilaro Formation, (Modified after 
Phani, 2014) 

 
 
 

3.4. Petrographic analysis 
A total of twenty-five (25) sandstone samples were selected 
for petrographic analysis. The procedures described by 
Ekwenye et al. (2015) were followed for the petrographic 
analysis. Twenty-five thin sections were prepared and studied 

using petrographic microscopes for mineral identification 
under plane-polarized light (PPL) and cross-polarized light 
(XPL). Sandstone classification was done using the ternary 
diagram for mineral-based apexes of quartz (Q), feldspar (F) 
and rock (RF) after Folk (1974) and Pettijohn (1975).  
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3.5. Paleocurrent analysis 
The azimuth and dip of cross-bedded sandstones were 
measured in the field using a compass clinometer. The values 
obtained were then plotted on a rose diagram to determine 
the provenance and the direction of the ancient current flow.  
 
4. Results 
4.1. Sedimentology Parameters of Ilaro Sandstones (Ajegunle, 
Papalanto, and Ifon Outcrops) 
Table 1 presents the sedimentological results of sandstones 
from the Ajegunle outcrop in Ilaro Formation indicating 
medium normal with poorly sorted grains; the majority of 
these grains are coarsely skewed (66.67%), followed by finely 
skewed (25%) and nearly symmetrical (8.3%) grains. 25% of 
the sediments are mesokurtic, 41.7 % are leptokurtic, and 
25% are platykurtic. Most of the sediments are leptokurtic 
(Table 1). Table 2 presents the sedimentological result of 
sandstone from the Papalanto outcrop in Ilaro and it depicts 
poorly sorted coarse to medium sands, with 25% of the grains 
being finely skewed and 75% of the grains being coarsely 
skewed. 16.7% of the sandstone is mesokurtic, 58.3% of it is 
platykurtic, and 25% of it is leptokurtic (Table 2). Ifon 
outcrops depicted sands with a sorting grade of poor to 
moderate. 40% very coarse skewed and 60% coarse skewed 
data. 80% of the sands are mesokurtic, and 20% are 
leptokurtic. (Table 3). 

Table 4. Grain size, with minimum, maximum, and average values for 
Ajegunle, Papalanto, and Ifon sandstone outcrops, Ilaro Formation 
 

Location 
 

Mean Sorting Skewness Kurtosis 

Ajegunle       
Max. 1.7 1.5 0.6 3.28 
Min. 0.30 0.3 0.46 0.8 
Avg. 1.0 0.9 0.26 2.04 

Papalanto    
Max. 2.0 0.8 0.19 1.5 
Min. 0.7 0.5 -0.08 0.81 
Avg. 1.35 0.65 0.05 1.16 

Ifon                
Max. 1.5 1.2 0.25 1.23 
Min. 0.40 0.8 0.07 0.93 
Avg. 0.95 1.0 0.09 1.08 

 
 
 

The graphic mean, a central tendency indicator (Gz) can be 
determined using the formula in Appendix. The measured 
values for the sandstones in Ajegunle, Papalanto, and Ifon, 
respectively, ranged from 0.3 to 1.7, 0.7 to 2.0, and 0.4 to 1.5 
(Table 4). The vales have a predominance of medium to 
coarse sand-size sediments in general (Fig. 3A). 
 
The particle size distribution sorting or homogeneity is 
depicted by the graphic standard deviations. The values vary 
from 0.3 to 1.5, 0.5 to 0.8 and 0.8 to 1.2 (Table 4) for the 
sandstone in Ajegunle, Papalanto, and Ifon, respectively. 
Find the formula for its computation in Appendix. The sample 
as a whole is largely poorly sorted. (Fig. 3B). 

 
 
 

 

 
 
Fig. 4. A) Comparison of Sorting against Mean, B) Skewness versus Mean, C) Kurtosis versus Mean and D) Sorting versus Skewness bivariate diagrams 
illustrating the positioning of the current data within the adapted modal plot, as per Phani (2014) 
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Fig. 5. A) Bivariant plot of Sorting against Mean, B) Bivariant connection of Skewness and Sorting, C) Bivariant relationship between Kurtosis and Skewness 
and D) Bivariant plot of Inclusive Standard Deviation (Sorting) vs. Median (modified after Friedman, 1961 and Miola and Weiser, 1968) 

 
 
 

The ratio between sorting the tail and the center region of the 
curve is measured by the graphic kurtosis (KG), which is the 
distribution's peak. If the tail is more carefully sorted than the 
center, it is said to be platykurtic; conversely, the leptokurtic 
situation exists when the central portions are better sorted. 
Both have mesokurtic conditions if they are equally sorted.  
 
The values for the sandstone in Ajegunle, Papalanto, and 
Ifon are 0.8 to 3.28, 0.81 to 1.5, and 0.93 to 1.23, respectively 
(Table 4). Due to the significant share of medium-grained 
material, the sandstone in Ajegunle is platykurtic, the 
sandstone in Papalanto is leptokurtic, and the sandstone in 
Ifon is mesokurtic. The graphical skewness measures the 
organized dispersion of the majority of medium to coarse 
sediments (Sk). The negative numbers contribute coarsely 
skewed materials, whereas the positive values indicate more 
materials that are finely skewed. The range of the values is 
(0.6 to 0.46), (-0.08 to 0.19), and (0.07 to 0.25) (Table 4) for 
the sandstone found in the locations of Ajegunle, Papalanto, 
and Ifon, respectively. 
 
From Table 4, it can be seen that the sandstone at Ajegunle 
is medium-grained sand, with a graphic mean of 1.0 and 
poorly sorted grains from an average inclusive graphic mean 
of 0.9. The (0.263 and 2.041) values for skewness and kurtosis 
point to sands that are finely skewed and leptokurtic. The 
sandstone in Papalanto is medium-grained and has an 
average graphic mean of 1.35phi. The average values for 

inclusive graphic mean, skewness, and kurtosis are 0.65, 
0.05, and 1.155, respectively. These values result in sands 
that are poorly sorted, almost symmetrical, and platykurtic. 
 
According to average values of 0.95 and 1.0 for the graphic 
mean and inclusive graphic mean (Table 4), medium to 
coarse sands with poor sorting characterize the sandstone in 
the Ifon outcrop. Moreover, typical values of 0.09 and 1.082 
for the skewness and kurtosis suggest that the grain exhibits 
mesokurtic characteristics. 
 
The inverted V-shaped trend's left limb's collection of points 
in a limited scope of mean values is depicted by the mean and 
standard deviation plot (Fig. 4A). 
 
According to Folk and Ward's (1957) sinusoidal curve, the 
medium to coarse sand from the examined samples falls into 
a negatively to positively skewed area, demonstrating that it 
is of medium-grained, poorly sorted character and comes 
from a fluvial environment. The sample data mean vs. 
skewness curve indicates two size classes of the sediments are 
mixed proportionally (Fig. 4B). The same conclusion is 
shown by the Mean vs. Kurtosis plot (Fig. 4C). All samples 
are coarse to nearly symmetric, according to the Graph of 
Skewness and Standard Deviation, most of the data points 
fall inside the circle in (Fig. 4D). The graphs depicting the 
relationship between standard deviation and kurtosis, as well 
as skewness and kurtosis, reveal that the sediment 

AA AB 

AC AD 
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characteristics are mainly confined to a limited kurtosis 
range, primarily from mesokurtic to leptokurtic which agrees 

with statistical analysis. These graphs validate the conclusion 
reached based on the prior bivariant plot. 

 
 
 

 

 
 

Fig. 6. (A) Diagram from a CM plot by Passega (1957; 1964) and (B) Tractive current deposit of sediments in Ilaro Formation 
 
 

 
 

Fig. 7. Rose diagram depicting dominant paleocurrent flow directions in the cross bedded sandstone facies in the Ilaro Formation (Ajegunle, Papalanto and 
Ifon outcrops) 
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Table 5. Heavy minerals and ZTR index 
 

Sample Zircon Rutile Tourmaline Staurolite Garnet Kyanite Opaque ZTR Index 

AJ1 6 6 7 5 3 4 24 61.29 
AJ2 7 5 7 4 2 4 23 65.52 
AJ3 8 6 8 6 5 2 28 62.86 
AJ4 8 5 6 4 3 2 29 67.86 
AJ5 9 8 4 5 3 4 28 63.64 
AJ6 6 7 8 6 5 3 30 60 
AJ7 7 6 6 4 3 3 25 65.52 
AJ8 8 6 5 4 2 4 27 65.52 
AJ9 8 6 9 5 3 3 28 67.65 
AJ10 7 7 9 6 2 2 29 69.7 
PA1 7 5 6 3 4 3 26 64.29 
PA2 5 6 5 4 4 5 29 55.17 
PA3 6 7 5 3 5 2 28 64.29 
PA4 7 7 5 5 4 4 26 59.38 
PA5 9 8 10 4 3 3 29 72.97 
PA6 8 6 7 5 4 2 30 65.63 
PA7 9 5 8 4 2 2 27 73.33 
PA8 10 6 8 3 4 2 29 72.73 
PA9 8 8 9 6 4 2 26 67.57 
PA10 6 5 7 4 3 3 26 64.29 
IF1 8 6 4 3 2 3 27 69.23 
IF2 7 7 8 4 3 4 28 66.67 
IF3 8 7 6 5 4 3 26 63.64 

 
 
 

 
 

Fig. 8. Photomicrograph of Heavy Mineral analysis of Sandstone located at Ajegunle, Papalanto and Ifon outcrops (30x). Legend: Z is for Zircon, R is for 
Rutile, T is for Tourmaline, G is for Garnet, S is for Staurolite, and O is for Opaque. The ZRT index is calculated by adding Z, R, and T, and then dividing 
this sum by the total opaqueness. The result is then multiplied by 100 
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4.2. Bivariant Relationship of Some Grain Parameters 
Sedimentologists have attempted to discern between various 
depositional settings by utilizing the bivariant plot (Fig. 5). 
This approach is grounded in the idea that the reliability of 
statistical parameters reflects variations in the mechanisms 
governing the flow of fluids during sediment transport and 
deposition, as suggested by Sutherland and Lee (1994). Fig. 
5A demonstrates that medium-sized, poorly sorted clusters 
are clustered. The outcome of the bivariant plots shows that 
the transit and depositional medium have intermediate to 
high energy, it is indicative of a fluvial environment. The 
Ilaro sediments' sorting and skewness relationships are 
depicted in Fig. 5B. The sandstone data points are 
concentrated in the coarse to severely coarse skewed range, 
indicating environments where erosion and deposition effects 
are almost balanced (Akofure and Akane, 2019).  
 
According to Friedman (1961), dune sand can be found in 
fluvial, Barrier Island, or coastal lake environments and is 
typically positively skewed. Evaluating how normal the size 
distribution is, the Kurtosis against Skewness plot (Fig. 5C) 
is a very effective tool for understanding the formation of 
sediment (Folk, 1966). The graphic demonstrates that the 
Mesokurtic to Leptokurtic range includes the Ilaro deposits. 
As per Friedman's 1962 findings, most sands fall within the 
leptokurtic range and exhibit either positive or negative 
skewness.  
 
Friedman (1962) suggests that Kurtosis values that are 
exceptionally high or exceptionally low may indicate that 
certain sediments underwent sorting processes in high-energy 

environments. Leptokurtic to very leptokurtic and platykurtic 
to very platykurtic sediments, then, arise from environments 
with extremely low and high energy levels (Dora et al., 2011). 
The mesokurtic to leptokurtic pattern evident in Fig. 5C 
indicates that the Ilaro sediments were laid down in an 
environment characterized by moderate high energy. This 
observation confirms that there were fluctuations in energy 
levels during the sediment deposition process. 
 
To distinguish the variations in river, wave, and slack water 
processes between beach and dune sands, the comparison of 
standard deviation and median size has been employed. 
(Friedman, 1961; Miola and Weiser, 1968). To define these 
limits, they sorted by median. The graphic that matches and 
resembles Friedman's (1961) original was plotted with the 
samples of Ilaro sandstone. The figure shows sediments from 
rivers (Fig. 5D). 
 
4.3. Analysis of CM Pattern of Ilaro Sandstone 
The Ilaro Sandstone's plotted data demonstrates that it was 
by bottom suspension transportation (Fig. 6A) in a setting 
with a tractable current (Fig. 6B). This outcome is consistent 
with Rajganapathi et al., (2012). 
4.4. Paleocurrent Analysis 
Paleocurrent analysis makes use of main sedimentary 
features known as directional structures that can be used to 
quickly determine which direction the depositing current was 
flowing at a certain point in geologic time. Cross beddings, 
sole marks, and grain fabric were included in the list of these 
essential characteristics provided by Potter and Pettijohn 
(1977) and Pettijohn (1975).  

 
 
 

Table 6. Study of Sandstone's compositional and textural maturity 
 

Sample 
Quartz 
(Grain Type) 

Angular  
boundary 

Number of  
count 

Ratio of polycrystalline 
to Monocrystalline 

Textural  
maturity 

Compositional 
maturity 

AJE 1 
Polycrystaline 
Monocrystaline 

Angular to sub-angular 
Sub-rounded to Rounded 

55 
42 

55:42 Mature Mature (= 90%Qtz) 

AJE 2 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

57 
49 

57:49 Mature Mature (= 90%Qtz) 

AJE 3 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

49 
61 

61: 50 Mature Mature (= 91%Qtz) 

AJE 4 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

52 
46 

52: 46 Mature Mature (=89%Qtz) 

AJE 5 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

59 
50 

59: 50 Mature Mature (= 91%Qtz) 

AJE 6 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

60 
45 

60: 45 Mature Mature (= 92%Qtz) 

PAP 1 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

61 
52 

61: 52 Mature Mature (= 90%Qtz) 

PAP 2 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

58 
41 

58: 41 Mature Mature (= 91%Qtz) 

PAP 3 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

60 
51 

60: 51 Mature Mature (= 90%Qtz) 

IFON 1 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

59 
43 

59: 43 Immature Mature (= 90%Qtz) 

IFON 2 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

60 
47 

60: 47 Mature Mature (= 90%Qtz) 

IFON 3 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

63 
45 

63: 45 Immature Mature (=91%Qtz) 

IFON 4 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

53 
44 

53: 44 Immature Mature (= 91%Qtz) 

IFON 5 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

61 
49 

61: 49 Mature Mature (= 90%Qtz) 

IFON 6 
Polycrystaline 
Monocrystaline 

From angular to sub-angular 
Sub-rounded to Rounded 

54 
46 

54: 46 Immature Mature (= 90%Qtz) 
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                                                             A                                                                                          B  
 
Fig. 9. A) Photomicrographs of sandstones thin section under Cross Polarized Light (XPL) and B) Photomicrographs of sandstones thin section under Plane 
Polarized Light (PPL) at Ajegunle, Papalanto and Ifon outcrops, Ilaro Formation. RF (Rock Fragments), Q (Quartz) and (Heavy Minerals) 

Table 7. Mineralogical maturity and modal composition of sandstone facies 
 

Sample 
Quartz  
(Qtz) 

Feldspar  
(FSP) 

Rock (Lithic) 
Fragment (RF) 

FSP + RF MMI 
Mineralogical Maturity Index  

(MMI) 
AJE 90 2 4 6 90/6 15 
AJE 90 3 4 7 90/7 13 
AJE 91 2 3 5 91/5 18.2 
AJE 89 3 4 7 89/7 12.71 
AJE 91 2 4 6 91/6 15.16 
AJE 92 2 4 6 92/6 15.33 
PAP 90 3 5 8 90/8 11.25 
PAP 91 2 4 6 91/6 15.16 
PAP 89 3 3 6 90/6 15 
IFON 91 2 4 6 90/6 15 
IFON 90 3 4 7 90/7 15 
IFON 91 2 4 6 91/6 12.85 
IFON 89 3 4 7 91/7 13 
IFON 90 2 4 6 90/6 15 
IFON 90 3 4 7 90/7 12.85 
Average 90.2 2.4 3.9 6.4  14.30 

 
 
 

Table 8. Comparison of the percentage of mineral maturity of Ilaro 
Sandstone with Nwajide and Hoque (1985) 
 

Nwajide and Hoque 
(1985) 

Range percentage 
(%) 

The present research 

Quartz 95–90 90.20 
F + RF 5–10 6.40 
MMI 19–9.0 14.30 
Maturity Mature Mature 

 
 
 

Cross beddings reflect the lee-sides of migratory ripples and 
dunes that have been preserved, and they also have 
paleocurrent value, which represents the direction of 
paleoflow. The paleocurrent that predominated during 
deposition has been identified by measuring the dip azimuths 

of foresets from the investigated outcrops. The research 
demonstrates that cross beddings frequently exhibit the NE 
trend (Fig. 7). 
 
4.5. Heavy Mineral Analysis of Ilaro Sandstone Facies 
The Zircon- Tourmaline-Rutile (ZTR) index was computed 
(Table 5) from the assemblages of heavy minerals in the 
sandstone, and the results were used to estimate the chemical 
maturity of the sandstone (Table 5). This process was made 
easier by the petrographic analyses of the sandstone (Fig. 8). 
 
4.6. Analysis of Maturity of Ilaro Sandstone Facies 
The analysis indicated, except samples from Ifon outcrops, 
which are texturally immature but compositionally mature, 
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Table 6 demonstrates that the sandstone from the research 
locations is both texturally and compositionally mature. The 
photomicrographs, (Figs. 8 and 9) of the sandstone of the 

studied locations from the petrographic examination were 
found to be composed of Quartz (Q), Muscovite (M), Heavy 
minerals (HM) and Rock fragment (RF). 

 
 
 

 
 

Fig. 10. A) QFL Classification Scheme illustrating the study areas' plot of Sandstone types (Folk, 1974) and B) QFL Ternary plot of Tectonic setting (after 
Dickinson, 1983) 

 
 
 

 
 
Fig. 11. A) Ternary plots of Provenance Setting for Ilaro Sandstone (modified after Dickinson, 1988) and B) Ternary plots for Paleoclimate for Ilaro Sandstone 
(modified after Sutherland, 1994) 
 
 
 

Table 9. Average values of pebble morphometric data 
 

Location 
Long  
(cm) 

Inter  
(cm) 

Short  
(cm) 

sh/lo in/lo 
Op. 

index 
Form  Roundness Lo-in/lo-sh 

Maximum 
projection sphericity 

AJE 1.21 0.84 0.37 0.30 0.69 -2.50 B 20 0.57 0.42 
PAP 1.27 0.89 0.55 0.43 0.70 -0.77 B 20 0.46 0.70 
IFON 1.31 0.78 0.55 0.42 0.59 0.86 CB 20 0.55 0.76 
PAP 1.52 1.16 0.55 0.36 0.76 -4.88 P 20 0.29 0.61 
IFON 1.36 1 0.66 0.48 0.73 -1.40 B 40 0.42 0.73 
PAP 1.22 1 0.48 0.39 0.82 -5.11 P 20 0.26 0.63 
AJE 1.63 1 0.65 0.40 0.61 -0.75 B 30 0.47 0.61 
AJE 1.49 0.02 0.65 0.43 0.01 0.91 B 100 0.54 0.65 
AJE 1.13 0.79 0.89 0.78 0.69 3.81 CE 40 0.74 0.82 
PAP 1.69 1.00 0.76 0.45 0.59 1.60 CB 40 0.58 0.71 
Average 1.38 0.84 0.6 0.44 0.62 2.26  35 0.49 0.66 

Where; Long (L), Intermediate (I), and Short (S). Compact Elongate (CE) equals 10%; Platy (P) equals 20%; Bladed (B) equals 20%; and Compact Bladed (CB) equals 50%, respectively. 

A B 
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Fig. 12. A) Roundness versus Elongation Ratio (Sames, 1966) and B) Oblate versus Sphericity-Probate index (modified from Dubkins and Folk, 1970) 
 
 
 

This mineral composition identification was used for the 
Modal composition of the sandstone (Table 6), from which 
the textural, compositional and mineral maturity index were 
determined (Tables 6 and 7). Ilaro Sandstone is hence 
mineralogically mature according to Nwajide and Hoque’s 
(1985) classification system for mineral maturity (Table 8). 
 
4.7. Ternary Diagrams of the Sandstone Facies in Ilaro Formation 
The Sandstone is plotted in the quartz arenite zone, bordering 
the sub-arkose and sub-lithic arenite zones, according to the 
ternary plot from the thin section study. From Table 6, it can 
deduce that the sandstone samples located within the craton's 
inner region on the QFL ternary diagram (Figs. 10A and 
10B) are mature. These sandstones likely originated from 
sources characterized by low-lying granitoid and gneissic 
formations, in accordance with Dickinson et al. (1983) 
findings, which may have involved recycled sands from 
adjacent platform or passive margin basins. 
 
4.8. Depositional Paleoclimatic Conditions  
Sediments in the area under study, plotted in the humid 
environment, according to the QFL (Fig. 10A), ternary plots 
(Fig. 10B) and a continental block provenance setting (Fig. 
11) modified after Dickinson (1988) and Sutherland et al. 
(1994). The weathering processes are aided in the chemical 
maturity of the sediments by the humid climate's wet state. 
(Figs. 11A and 11B). 
 
4.1.8. Morphometric Analysis and Its Environmental Indicator 
Table 9 presents pebble morphometric data which can 
provide valuable information about pebble morphology to 
aid in the understanding of sediment transport and 
depositional processes. Pebbles in Ajegunle tend to be 
elongated while pebbles in Papalanto and Ifon show better 
roundness. The general trend reveals medium-sized pebbles 
(average of 1.38 cm), fairly elongated shapes (average lo-
in/lo-sh ratio of 0.49 and moderate roundness ( average of 
62%).  
 
Sames (1966) plot of roundness vs. elongation in the fluviatile 
environment has 99 percent of the data points, according to 
the results (Fig. 12A). This shows that a fluviatile 
paleoenvironment is where the sediments were deposited. 
According to the sphericity vs. oblate- shape indication, 97 

percent of the data points once more fall within the category 
of a fluvial environment. (Fig. 12B). This further 
demonstrates that Ilaro Sandstone's environment of 
deposition was fluvial. 
 
5. Conclusion 
The Ilaro sandstones are older sediments from igneous-
metamorphic source rocks, with mature sandstones 
originating from low-lying granitoid and gneissic sources. 
These sandstones may contain recycled sediments from 
associated platforms. The sediment in the study areas 
(Ajegunle, Papalanto, and Ifon) has standard deviation 
(sorting) average values of 0.7, 0.63, and 0.96 respectively. 
The sediments in the Ilaro formation are typically poorly 
sorted, suggesting they were deposited during periods of 
variable current velocity and turbulence. They fall within the 
range of 0.30 to 1.00 on the sorting scale, indicating a river or 
shallow marine environment. This is also supported by the 
bivariate plot (skewness against median), which plots in a 
fluvial environment, with 90% of plots in the fluviatile 
category. The indicator of sphericity vs. oblate probate 
(pebble morphometric analysis) shows that the pebbles of the 
sandstone under investigation in this research are in the river 
field (with a 70% plot of data points). The bivariant plot of 
skewness versus median, which charts in the river and 
fluviatile section for more than 90% of data plot points, 
further supports a fluvial environment. The outcomes are 
comparable when standard deviation (sorting) is represented 
graphically in relation to the median (which corresponds to a 
river or fluvial environment). The tractive current deposit 
diagram supports the predominating paleocurrent conditions 
from the sorting type. The Ilaro sediments were plotted on 
the CM diagram, showing they were in a beach and tractive 
current habitat. The mesokurtic to leptokurtic grains that 
make up the transport medium have an intermediate energy. 
Paleoenvironmental examinations using petrographic and 
sedimentological techniques found evidence of a fluviatile 
paleoenvironment that developed during humid 
paleoclimate. The sediments are 90.2 % quartz, 2.3% 
feldspar, and 3.9% lithic pieces, indicating a mature 
sandstone in terms of composition and mineralogy. The 
Zircon- Tourmaline-Rutile (ZTR) index was computed from 
the assemblages of heavy minerals in the sandstone, which 
was used to estimate the chemical maturity of the sandstone. 

A B 
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