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Abstract: Four outcrops of Nsukka Formation located in Ihube and Umuasua areas were studied and 38 sandstone samples 

were collected and subjected to sieve analysis. The aim of this study is to determine the textural characteristics of sandstone 

facies of the Nsukka Formation. Syn-sedimentary structures seen in the study area includes planner cross beds, flaser bedding 

and current ripples as well as vertical burrows of the scholitos ichnofacies, while post sedimentary structures seen include 

ferruginised hardgrounds and concretions. An average mean grain size of 1.15ϕ (medium grained) was calculated and average 

standard deviation of 0.89ϕ shows that the sandstones are moderately sorted and an average skewness value of -0.05ϕ implying 

sandstones that are strongly coarse skewed. Graphical plot of cummulative percent retained against grain size in phi shows that 

the sandstone sediments were predominantly deposited by saltation and traction processes as bed loads. The depositional 

environment is interpreted as fluvial with the aid of bivariate plot of skewness against standard deviation, but inference drawn 

from sedimentary structures and facies association points to deposition in delta plain environment. 
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1. Introduction 

The study area lies within 7
°
20' - 7

°
36' East and Latitude 

5
°
41' - 5

°
55' North with an estimated area of 450 Km

2
, while 

the outcrop sections are located at Umuasua and Amaba in 

Isiukwuato and Ikpankwu sand quarry in Ihube, all within the 

study area (Figure 1). 

The purpose of grain size analysis is to obtain the grain 

size distribution of clastic particles as they were deposited [4] 

this study utilizes the grain size distribution data obtained 

from sieve analysis of the sandstones samples to interpret the 

texture of the sandstones and support from sedimentary 

structures was used to infer the depositional environments of 

Nsukka Formation outcropping in the study area. 

2. Geology of the Study Area 

The Anambra Basin is one of the major in-land 

sedimentary basins in Nigeria, it refers to the sedimentary 

succession that directly overlies the facies of the southern 

Benue Trough and consists of Campanian to Early Paleocene 

(Danian) lithofacies [7]. The basin is bounded on the east by 

the Abakaliki anticlinorium, on the southwest by the Benin 

hinge line, on the south by the upper limits of the Eocene 

growth faults of Niger Delta and the North by the Lower 

Benue Trough. The basin is about 300 km long in the 

northeast southwest direction, extending between Onitsha in 

the present day Anambra State to the Loko area in Benue 

State of Nigeria [9], the south-western tip of the Anambra 

Basin is about 160 km wide, while the north-eastern extreme 

is about 48 km wide [13]. 

The diachronous Nsukka Formation (Late Maastrichtian - 

Early Paleocene) also known as the “Upper Coal Measures” 

conformably overlies the Ajalli Sandstone [8]. It is an 

extensive litho-stratigraphic unit in the Anambra basin and it 

consists of dark marine shale, sandstones, claystones and 

siltstones with abundant diagenetic features like concretions 

and ferruginised hard grounds. 
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Figure 1. Topographic map of the Study Area. 

 

Figure 2. Geologic map of the Study Area. 
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The Nsukka Formation has an estimates thickness of 400 

meters [7]. Biostratigraphic analysis shows that the 

palaeoenvironment of deposition of Nsukka Formation varies 

alternately from marginal marine to continental setting [1]. 

Various researchers have studied the Anambra Basin and 

the Nsukka Formation in particular, [7] studied the Nsukka 

Formation and described its type locality. [10] integrated 

sedimentologic, macrofossil, trace fossil, and palynofacies 

data from Paleogene strata to document a comprehensive 

sequence stratigraphy in the Anambra Basin/Afikpo Syncline 

complex of southeastern Nigeria. The study identified four 

lithofacies associations and five depositional sequences, one 

in the Early Nsukka Formation (Paleocene), two in the Imo 

Formation (Paleocene), and one each in the Ameki Group 

and Ogwashi-Asaba Formation (Eocene). 

3. Method of Study 

Four (4) outcrop sections were logged, various 

sedimentary structures were identified and thirty eight (38) 

sandstone samples were collected from the outcrop sections 

and subjected to sieve analysis. The result of the grain size 

distributions is tabulated as shown in table 2. The samples 

were sun dried and disintegrated by hand. It samples were 

placed on a large cardboard paper, coned and quartered with 

the aid of a steel rule and two opposite sides collected. The 

initial weight (W1) of the samples were measured before 

pouring the samples into a sieve mesh of ½ phi interval and 

subjected to mechanical shaking for 15 minutes and the 

weight of samples retained in each sieve mesh were also 

measured. The percent of sample retained as well as the 

percentage cumulative retained in each sieve mesh was also 

calculated with the aid of a weighting scale. 

The Probability distribution graph of percentage 

cumulative retained against grain size in phi was generated 

for each sample and used to calculated the following 

statistical parameters; mean grain size, standard deviation, 

skewness and kurtosis using the under listed formular 

adapted from [5]; 

Mean grain size: M� =  
∅�� � ∅	
 � ∅��


 

Graphical Standard Deviation: �� =  
∅���∅��

�
+  

∅�	�∅	

�.�
 

Inclusive Graphic Skewness: ��� =  
∅�� � ∅�� � �(∅	
)

�(∅���∅��)
+  

∅�	 � ∅	 ��∅	


�(∅�	�∅	)
 

Graphic Kurtosis: �� =  
(��	� �	)

�.��(∅�	 � ∅�	)
 

Verbal interpretations was related to the calculated statistical results using the model of [5] for the mean grain size and [4] 

for the standard deviation and skewness. 

Table 1. Models used for verbal interpretation of statistical values. 

Graphic Mean (Mz) [5] Phi Standard Deviation [4] Calculated Skewness [4] 

-1 to 0.0 Very Coarse Sand < 0.35 Very well sorted > +0.30 Strongly fine skewed 

0.0 to 1.0 Coarse Sand 0.35 to 0.50 Well sorted +0.30 to +0.10 Fine skewed 

1.0 to 2.0 Medium Sand 0.50 to 0.70 Moderately well sorted +0.10 to –0.10 Near symmetrical 

2.0 to 3.0 Fine Sand 0.70 to 1.00 Moderately sorted –0.10 to –0.30 Coarse skewed 

3.0 to 4.0 Very Fine Sand 1.00 to 2.00 Poorly sorted < −0.30 Strongly coarse skewed 

4.0 to 5.0 Coarse Silt 2.00 to 4.00 Very poorly sorted 
 

 > 4.00 Extremely poorly sorted 

4. Results and Discussions 

The results of the sieve analyses are presented in Table 2 below. 

Table 2. Result of grain size analyses. 

Sample 
Graphic 

Mean (�) 

Standard 

Deviation (�) 

Skewness 

(sk) 

Kurtosis 

(k ) 
Interpretation 

L1 U1 0.53 0.82 1.33 0.53 Coarse grained, moderately sorted, strongly fine skewed, 

L1 U2 0.66 0.50 0.80 0.49 Coarse grained, moderately well sorted, strongly fine skewed 

L1 U3 0.73 0.75 0.22 0.98 Coarse grained, moderately sorted, fine skewed 

L2 U1 1.07 0.93 1.52 1.60 Medium grained, moderately sorted, strongly fine skewed 

L2 U2 1.53 0.68 -0.84 0.86 Medium grained, moderately well sorted, strongly coarse skewed 

L2 U3 1.03 0.92 -0.47 1.65 Medium grained, moderately sorted, strongly coarse skewed 

L2 U3 1.05 0.91 -0.42 1.63 Medium grained, moderately sorted, strongly coarse skewed 

L2 U4 1.07 0.80 -0.56 1.13 Medium grained, moderately sorted, strongly coarse skewed 

L2 U5 1.18 0.92 -0.77 1.50 Medium grained, moderately sorted, strongly coarse skewed 

L3 U1 0.84 0.71 1.48 0.82 Coarse grained, moderately sorted, strongly fine skewed 

L3 U2 1.03 0.71 0.30 0.90 Medium grained, moderately sorted, fine skewed 
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Sample 
Graphic 

Mean (�) 

Standard 

Deviation (�) 

Skewness 

(sk) 

Kurtosis 

(k ) 
Interpretation 

L3 U3 0.63 0.61 0.86 0.61 Coarse grained, moderately well sorted, strongly fine skewed 

L3 U4 1.31 1.03 -0.20 2.26 Medium grained, poorly sorted, coarse skewed 

L3 U5 0.93 1.19 1.35 2.88 Coarse grained, poorly sorted, strongly fine skewed 

L3 U6 1.13 0.99 0.48 1.66 Medium grained, moderately sorted, strongly fine skewed 

L3 U7 0.37 0.79 0.46 0.70 Coarse grained, moderately sorted, strongly fine skewed 

L3 U8 0.53 0.83 0.18 1.31 Coarse grained, moderately sorted, fine skewed 

L3 U9 1.17 0.75 -0.46 1.02 Medium grained, moderately sorted, strongly coarse skewed 

L3 U10 1.47 0.69 -1.17 0.76 Medium grained, moderately well sorted, strongly coarse skewed 

L3 U11 1.67 0.79 -0.34 1.07 Medium grained, moderately sorted, strongly coarse skewed 

L4 U1 0.2 1.1 5.6 1.8 Coarse grained, poorly sorted, strongly fine skewed 

L4 U2 1.6 1.4 -5.9 3.6 Medium grained, poorly sorted, strongly coarse skewed 

L4 U3 2.5 0.7 -1.9 0.8 Fine grained, moderately well sorted, strongly coarse skewed 

L4 U4 2.2 0.9 -2.4 1.1 Fine grained, moderately sorted, strongly coarse skewed 

L4 U5 2.4 0.7 -2.5 0.7 Fine grained, moderately well sorted, strongly coarse skewed 

L4 U6 0.0 1.0 6.0 0.8 Coarse grained, moderately sorted, strongly fine skewed 

L4 U7 0.9 1.2 0.0 2.9 Coarse grained, poorly sorted, nearly symmetrical 

L4 U8 1.1 1.2 -0.7 2.4 Medium grained, poorly sorted, strongly coarse skewed 

L4 U9 1.4 1.0 -0.7 1.6 Medium grained, moderately sorted, strongly coarse skewed 

L4 U10 1.1 0.9 -0.1 1.2 Medium grained. moderately sorted, coarse skewed 

L4 U11 1.8 0.9 -5.1 1.7 Medium grained, moderately sorted, strongly coarse skewed 

L4 U12 1.1 0.9 2.5 1.5 Medium grained, moderately sorted, strongly fine skewed 

L4 U13 1.5 1.2 -2.5 2.6 Medium grained, poorly sorted, strongly coarse skewed 

L4 U14 1.8 0.9 -2.0 1.7 Medium grained, moderately sorted, strongly coarse skewed 

L4 U15 1.1 1.0 2.8 1.8 Medium grained, moderately sorted, strongly fine skewed 

L4 U16 1.1 1.0 1.5 2.0 Medium grained, moderately sorted, strongly fine skewed 

L4 U17 0.7 0.8 -0.3 1.2 Coarse grained, moderately sorted, coarse skewed 

Average 1.15 0.89 -0.05 1.45 Medium grained. moderately sorted, strongly coarse skewed 

 

According to [11] particles are segregated according to 

their hydrodynamic behavior which depends on size, specific 

gravity and shapes, for this reason, mean grain size is used in 

this study to provide clues to energy condition of the 

transporting medium at the time of deposition. The result of 

granulometric analyses shows that the sandstones have 

graphic mean ranging from 0.0�  – 2.5�  with an average 

mean size of 1.15� (medium grained) (Table 1), 

interpretation model for the result was adapted from [5]. All 

units of the Nsukka Formation analyzed have mean grain 

sizes belonging to medium and coarse grained sand grade 

which is indicative of high energy depositional environment. 

This inference is supported by frequency curves of 

percentage weight retained against grain size in phi; these 

curves show mostly high unimodal picks indicative of high 

energy condition in almost all samples collected (see figure 

3). But some units in the location 4 and location 3 show 

bimodal picks (see figure 4), this is indicative of fluctuations 

in energy conditions at the time of deposition. 

 

Figure 3. Frequency curve of Locations 1, 2, 3, 4 showing units with high unimodal picks. 



128 Imoh Uchechkwu Emmanuel and Ogbonna Ndubuisi Alex:  Granulometric Analysis of Sandstone Facies of Late  

Maastritchian Nsukka Formation Outcrops in Ihube and Isiukwuato Areas, Southeastern Nigeria 

 

Figure 4. Frequency curve of Locations 3 and 4 sections showing units with bimodal picks. 

The standard deviation values which ranges from 0.5�  – 

1.4�  with an average of 0.89�  shows that the sandstones 

are moderately sorted; this interpretation is based on the 

interpretation model of [4]. 

Skewness values ranges from -5.9�  – 6.0� , averaging -

0.05�  and based on the interpretation model of [4], the 

sandstones are strongly coarse skewed meaning that the 

sandstone deposits have excess coarse grained particles 

suggesting deposition in a deltaic setting. Kurtosis values 

ranges from 0.5 – 2.0 (mesokurtic to leptokurtic). 

[12] suggested that the shapes of grain-size cumulative 

curves plotted on log-probability paper have environmental 

significance, these curve segments are interpreted to 

represent sub populations of grains transported 

simultaneously by different transport modes; traction, 

saltation, and suspension. The curves of the cumulative 

frequency plots for the sandstone samples collected from the 

4 locations all have high to very high slope angles, the curve 

suggest that the grains of the sandstone samples were mostly 

transported by saltation processes with only a small fraction 

of sediments being transported by traction and suspension 

processes. 

The technique of graphical plots was applied in this work 

for interpretation of environments of deposition, it adapted 

the [2] two-component graphical plot of skewness against 

standard deviation. The plot shows that sandstone facies of 

Nsukka Formation plots within the fluvial sand section of the 

graph suggesting deposited in a fluvial environment although 

an exception is seen in unit 2 of Location 1 that plots in the 

beach sand area implying deposition in coastal to shelf 

setting. Sedimentary logs of the sections shows that the 

sections have a close association of marine and continental 

facies in the vertical arrangement which is indicative of 

shallow marine to deltaic environments [6]; based on this as 

well as the abundance of carbonaceous materials within some 

of the samples, the sandstones sediments are interpreted to be 

deposited by a fluvial dominated delta plain environment, 
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Figure 5. Cummulative percent retained against grain size in phi for the sandstone samples from Locations 1, 2, 3 and 4. 

 

Figure 6. Bivariate plot of skewness against standard deviation showing environment of deposition of the sandstone samples from Locations 1, 2, 3 and 4. 
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5. Conclusion 

This study has shown that the grain size distribution of 

sandstone facies of Nsukka Formation outcropping in Ihube 

and Isiukwauto areas of Anambra Basin were deposited in a 

fluvial dominated delta plain environment. The grain size of 

the sandstone sediments range from fine to coarse grain and 

they are moderate to moderately well sorted and mostly 

positively (coarse) skewed. The sedimentary structures 

typical of the outcrops include planner cross beds, current 

ripples, vertical burrows of the scholitos ichnofacies, 

concretions and ferruginized hardgrounds. 
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