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ABSTRACT 

Sedimentological and petrographic analyses were carried out on the outcropping sediments around Abudu and its environs in 

order to determine the paleodepositional environment and provenance of the sediments. Two lithofacies, sands and claystone were 

identified. The claystone facies include silty clay and sandy clay sub-lithofacies, while the sand facies include medium to coarse-

grained friable sands and fine to medium-grained sands. The grain size analysis shows sorting values ranging from 0.94 to 2.10 

indicating moderately to poorly sorted; skewness values of -0.13 to 0.2 indicating near symmetrical to positively skewed and 

kurtosis values in the range of 0.77 to 1.34 suggestive of platykurtic to leptokurtic. The petrographic analysis reveals the major 

framework minerals to include quartz (76.9 – 97.5%), feldspar (0 – 15.4%) and rock fragment (0 – 12.9%). The mineral maturity 

index (MMI) ranges from 3.8 to 39.0. Using field evidences and scatter plots of Skewness versus sorting and mean versus sorting, 

a fluvial depositional setting was interpreted for the sediments. The predominance of quartz over feldspar show that the sediments 

range from sub-mature to super-mature; subarkosic to quartz arenites that have undergone intense chemical weathering and/or 

erosion.  A craton interior source with contributions from recycled orogen is suggested for the sediments of the study area. The 

cementing materials include calcite, quartz (silica), iron and clay minerals.  

Keywords: Sedimentology, Petrography, Paleodepositional Environment, Provenance, Fluvial. 

 

1. INTRODUCTION 

Sediment logical studies help to determine sediment 

characteristics of the rocks (sorting, sedimentary structures, 

grain size, shape, lithology, porosity, texture, maturity etc.) 

while petrographic analyses are essential to understanding and 

interpreting the mineralogical details of rocks – their 

composition, abundance, and morphology among others. 

Together, sedimentology and petrography are widely used in 

the reconstruction of the geological history of rocks – 

provenance, paleodepositional environment and conditions of 

formation and/or deformation, diagenetic processes acting on 

rocks, tectonic history as well as the stratigraphy.  

Outcrop studies are widely used for sedimentological and 

provenances analyses. Such studies usually provide 

opportunities for the gathering of field data necessary for 

analogues and model development. Outcrop studies also 

represent a more direct approach for the study and 

understanding of the Earth – its materials, resources, 

processes, field relationships, history and/or evolution 

(Rahaman, 2009). Typically, outcrop studies are relevant to 

different aspects of geology – structural geology, 

sedimentology, stratigraphy, mineralogy and petrography. 

The need to combine sedimentological and petrographic 

analyses for paleoenvironmental analyses is borne out of the 

fact that relying on textural analysis alone may result in gross 

interpretational errors, especially if diagenetic or 

disaggregation processes have significantly altered textural 

properties of such sediments (Wilson & Pittman, 1979). This 

paper reports the results of field mapping and laboratory 

analyses aimed at determining the paleodepositional 
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environment and provenance of outcropping sediments from 

Abudu and its environs in southern Nigeria. 

1.1 Location and Regional Geology of the Study Area   

The study was carried out around Abudu and environs lying 

within Latitudes N06°16´32.2´´ - N06°26´29.6´´ and 

Longitudes E006°2´12.6´´ - E006°21´00.6´´ (extending a 

distance of about 55KM), covering parts of Edo and Delta 

states, southern Nigeria (figures 1). The area falls within the 

tropical rainforest vegetation belt of Southern Nigeria 

(Olobaniyi et al. 2007).   The climate is tropical continental 

with alternating wet and dry seasons. Usually, maximum 

temperatures around the coastal areas of Nigeria range 

between 24 and 27°C.  Annual rainfall typically exceeds 

2000mm and with high humidity.  (Olobaniyi et al. 2007). 

Vegetation is usually green throughout the year due to the 

adequate precipitation, usually lasting up to eight months. A 

mean evapotranspiration of 1117mm has been reported for the 

study area (Akpoborie et al. 2011). Topographically, the area 

is generally lowland (plain) devoid of mountainous hills and 

drained by several tributaries of the River Niger such as the 

Rivers Orogodo, Orhionmwon, Mbiri, Ohordua, Atari etc. 

Many of these rivers are seasonal and are tributaries to the 

River Niger. Most of the area is accessible by roads (Issa et al. 

2011). Road-cuts provided suitable sites for field observation 

and outcrop studies while other areas not served by main roads 

were accessed by footpaths.  

Geologically, the area of the study falls within the Niger Delta 

Basin with the outcropping sediments under study being those 

of the Benin Formation otherwise known as the Coastal Plain 

Sands. The Benin Formation (Miocene-Recent) is the 

youngest stratigraphic unit in the Niger Delta (Short & 

Stauble, 1967). The Niger Delta remains one of the most 

studied basins in Nigeria, with most of the studies coming 

from seismic and subsurface data associated with the activities 

of oil prospecting companies (Chinotu et al. 2012). The Benin 

Formation is predominantly made up of sands and sandstone 

(over 90%) with a few shaly intercalations. The shale content 

increases towards the base (Short & Stauble, 1967; Whiteman 

1982; Asseez, 1989; Doust & Omatsola, 1990; Reijers, 2011). 

Typically, the sediments (sands) range from fine to coarse-

grained, poorly sorted, subangular to well rounded and bears 

lignite streaks and wood fragments. The sands are typically 

white but may be yellowish due to the presence of limonite. 

Different structural units have been identified within the 

Coastal Plain Sands – point bars, channel fills, natural levees, 

backswamp deposits, oxbow fills etc. (Asseez, 1989). 

Figure 1: Location Map of the Study Area 

 

2. METHODOLOGY 

Field mapping of the outcropping sediments of Coastal Plain 

Sands around Abudu and environs was carried out. A total of 

eight (8) fresh samples were collected from road cuts, sand 

quarries, river source and railway cutting for this study. 

Samples were taken from fresh, unweathered surfaces from 

different beds (strata) to be able to reveal the original, 

unaltered sedimentological and mineralogical (chemical) 

properties of the rocks. The sediments were later air-dried and 

subjected to laboratory analyses. Sieve analysis was carried 
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out using a stack of ten (10) sieve meshes arranged in 

descending sieve sizes (2.80mm - <0.08mm) and shaken for 

about ten (10) minutes. The percentages of weight retained in 

each sieve size (mesh) was weighed and a graph of the 

cumulative weight percent retained plotted against the sieve 

size in Phi. From the graph, the 5
th

, 16
th

, 25
th

, 50
th

, 75
th

, 84
th

 

and 95
th

 percentiles were determined and the statistical 

parameters of Folk & Ward (1957) determined for the 

sedimentological analysis.  

Thin sections for petrographic analysis were prepared using 

the standard method described by Adams et al. (1984) and 

examined under plane polarized light (PPL) and crossed 

polarized light (XPL). Photomicrographs were taken and 

modal count of framework minerals made. The calculated 

modal mineral compositions were used to determine the 

provenance and maturity of the sediments. Mineralogical 

maturity index (IMM) was determined using the formular 

given by Nwajide & Hoque (1985): IMM   = % Quartz / % 

Feldspar + % Rock Fragment. 

 

3. RESULTS AND DISCUSSION 

3.1 Sedimentology and Paleodepositional 

Environment   

Based on field and sedimentological evidences, two (2) 

lithofacies, sand and claystone were identified from the area of 

the study. The sand lithofacies comprise of silty sand clayey 

sand while two (2) sublithofacies of clay – silty clay and sandy 

clay – were identified for the clay lithofacies. The suite of 

clays was seen around Ozanogogo and Ekpon Road (railway 

cut) while the sediments from Abudu, Asaboro Quarry (near 

Ewohimi), Idumuje-Gboko Road and Mbiri were 

predominantly sands.    

The Abudu and Asaboro sands were friable and pebbly sands, 

typically whitish-grey and coated with a yellowish – brown 

colouration of limonite. As shown in table 1, the sands 

lithofacies are generally moderately to poorly sorted, with 

values ranging from 0.94 to 1.85. Grain sizes range from fine 

to pebble-sized particles. At Asaboro, the sands are friable and 

brownish in colour. The major sedimentary structure seen in 

the sands is planar cross beddings with coarse grained to 

pebbly grained beds alternating with fine to medium-grained 

size beds (figure 2). The sediments at Abudu and Asaboro are 

generally matrix-supported, with silica and iron the major 

cementing materials.  

At Ewohimi Bridge, Idumuje-Gboko road and Mbiri, the 

sediments are predominantly clayey sands. These sands are 

mainly yellowish in colour and are relatively more 

consolidated and well cemented than those at the Abudu and 

Asaboro Quarries. Limonite and iron are the main cements 

observed. The grain sizes range from very fine to coarse and 

were matrix supported. The Mbiri clayey sand (figure 3) 

consists of clayey sand beds alternating with sandy clay. 

The claystone facies were seen at Ozanogogo and Ekpon 

Road. Two (2) sub-lithofacies of clay were also identified 

from the study – silty clay and sandy clay. The silty clays were 

seen at Ozanogogo. Here, ‘white’ clay bed, about 2.4m thick 

overlies a silty clay bed of about 3.6m thick. In turn, the fine 

clay bed is overlain by a 3.4m thick laterite overburden (figure 

4). Thin, laminar structures were observed within the clays 

while pockets of clays that have not been laterized were seen 

in the overlying laterites.  

 

Figure 2: Field Photograph of Abudu Outcrop 

Planar bedded, medium to 

coarse-grained sandstone 
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Figure 3: Litholog of Mbiri 

 

Figure 4: Litholog of Ozanogogo II 

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

   
 

From the calculated Skewness using statistical parameters of 

Folk & Ward (1957), the sediments range from nearly 

symmetrical through symmetrical to positively-skewed as well 

as poor to moderate sorting (table 1). Sediments also range 

from unimodal to bimodal [figures 5(A – D)]. The poor 

0

20

40

60

80

Sand Silt Clay

Figure 5A: Frequency 
Distribution of Abudu 

(unimodal) 

0

10

20

30

40

50

60

Sand Silt Clay

Figure 5C: Frequency Distribution 
of Mbiri (bimodal) 

0

10

20

30

40

50

60

Sand Silt Clay

Figure 5D: Frequency Distribution 
of Idumuje-Gboko Rd.  

(unimodal) 

0

10

20

30

40

50

60

70

80

Sand Silt Clay

Figure 5B: Frequency Distribution 
of Asaboro (Unimodal) 



   
INTERNATIONAL JOURNAL FOR RESEARCH IN EMERGING SCIENCE AND TECHNOLOGY, VOLUME-2, ISSUE-6, JUN-2015                                                       E-ISSN: 2349-7610 

VOLUME-2, ISSUE-6, JUN-2015                                                COPYRIGHT © 2015 IJREST, ALL RIGHT RESERVED                                                                                                    105 

sorting and positive skewness are indicative of high 

transportation energy with occasional fluctuation due to low 

energy which typifies river sands (fluvial paleodepositional 

environment)(Acra et al. 2013; Bassey & Eminue, 2012). To 

further confirm the paleoenvironment of deposition for the 

sediments, scatter plots were made after Friedman (1967) and 

Moiola & Weiser (1968). The scatter plots of Graphic 

Skewness (Ski) versus  Standard Deviation (δ) and mean (Mz) 

versus Standard Deviation (δ) both show that the samples 

were all deposited within fluvial depositional setting as shown 

in figures 6 .The fining-upward sequence exhibited by the 

Ozanogogo claystone suggests that the clays were deposited in 

a point bar under oxic conditions. Point bar depositional 

environment is characterized by a gradational contact marked 

by a fining-upward sequence (Oyanyan et al. 2012). The oxic 

paleodepositional condition is inferred from the virtually white 

colour of the clays - sediments deposited in oxic conditions 

tend to be white due to the oxidation of the organic matter in 

such sediments unlike dark-coloured clays and/or shales which 

depict high concentration of organic matter characteristic of 

anoxic environments.  

 

3.2 Petrography and Provenance  

Petrographic analysis shows the framework minerals to 

include quartz, feldspar and rock fragments; quartz being 

dominant, reaching over 95% of the calculated modal 

composition in some of the samples (figure 8-9; table 4). The 

sediments were mainly made up of sub-angular to sub-

rounded, polycrystalline quartz with straight boundaries. The 

quartz is pleochroic, showing undulose extinction and contain 

several annealed fractures. Quartz overgrowth with inclusions 

were also observed in the Abudu sands.  The calculated 

mineralogical maturity index (IMM) for the sand facies range 

from 4.2 to 39, indicating mineralogical sub-maturity to 

supper-maturity (table 5).  

Similarly, the main framework minerals seen in the clay facies 

include quartz and feldspar, the quartz being fractured and 

with series of microcrystalline quartz (cherts) dispersed all 

over. The quartz are sub-rounded to sub-angular with straight 

edges. Modal composition of quartz in the claystone facies 

range between 76.9 and 834.9%; feldspar 8.3 to 15.4% while 

rock fragment varied from 0 to 8.3%. The quartz are sub-

rounded and polycrystalline with straight edges. From the 

calculated mineralogical maturity index, the claystone facies 

are mineralogically submature, with values ranging from 3.3 

to 5.6, using the Nwajide & Hoque (1985). Cementing 

materials are predominantly calcite and clay minerals – 

probably kaolinite. The photomicrographs of the petrographic 

slides are presented in figure 7 (A – B). 

 

Figure 7A: Photomicrograph of Abudu (A = PPL, B = 

XPL). Q = Quartz.

 

Figure 7B: Photomicrograph of Asaboro (A = PPL, B = 

XPL) 

Q = Quartz, QO = Quartz overgrowth, FQ = Fractured 

Quartz, QI = Quartz Inclusion, FD = Feldspar, RF = Rock 

Fragment 
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Ternary plots of quartz (Q), feldspar (FD) and rock fragment 

(RF) indicate that the sediments range from subarkosic to 

quartz arenites. Also, ternary plots of quartz, feldspar and rock 

fragment for the sediments show that they predominantly fall 

within the craton interior field with two (2) of the eight 

samples marginally falling within recycled orogen.  

 

Figure 8: Ternary of Framework Model for Sediments of 

the Study Area (modified after Dott, 1964 and Adams et 

al., 1984). 

 

Figure 9: QFR Classification of Provenance Fields of the 

Outcropping Sediments the Study Area (modified after 

Dickenson et al, 1983 and Osae et al., 2006). 

Dickinson et al. (1983) and Osae et al. (2006) opined that plots 

within the craton interior are indicative of matured sandstones 

derived from relatively low-lying granitic and gneissic 

sources, supplemented by recycled sediments from adjoining 

platforms or passive margin basins. The maturity of the 

sediment is further supported by the sub-rounded morphology 

of the grains. It is therefore suggested that the sediments of the 

study area were derived from the Oban Massif and the 

adjoining Anambra Basin and Benue Trough.  

The dominance of quartz with relatively very low percentage 

of feldsparand the calculated mineralogical maturity index 

(MMI) imply that the sediments are allogenic and must have 

undergone transportation across some distance from their 

source before deposition occurred. The sediments of the study 

area must have also undergone intense weathering and 

erosion. High quartz and low feldspar proportions in 

sediments and sub-rounded to rounded grain morphology have 

been reported to be indicators of high weathering, erosion and 

long distance transport of sediments (Osae et al., 2006). 

Feldspar is chemically unstable and easily weathers under 

surficial conditions. The inference that the sediments are 

allogenic is further supported by the sub-rounded morphology 

of most of the quartz observed under thin section.  

 

4. CONCLUSION 

The poor sorting, skewness and bivariate plots of the 

sedimentological data of the outcropping sediments of the 

study area are indicative of fluvial paleodepositional 

environment. The poor to moderate sorting as shown by the 

sieve analysis of the sediments must have resulted from 

fluctuation in transportation energy (alternation between high 

and low transportation energies) typical of continental 

environments. However, the Ozanogogo claystone facies must 

have been deposited under low energy and oxic conditions, 

probably in a point bar. 

Mineralogically, the sediments range from sub-mature to 

super-mature; sub-arenites to quartz arenites. The 

mineralogical maturity and sub-rounded morphology indicate 

medium to distance transportation from provenance. Intense 

abrasion and/or weathering must have impacted the present 

morphology. The sediments were most probably derived from 
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the Oban Massif with contributions from the adjoining 

Anambra Basin and Benue Trough. 
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Table 1: (Textural Interpretation of the Sediments) 

 

S/N 

 

SAMPLE 

LOCATION 

M
E

D
IA

N
 

(M
d

Ø
) 

M
E

A
N

 

(M
z.

) 

S
O

R
T

IN
G

 

(δ
) 

S
K

E
W

N
E

S

S
 (

S
K

i)
 

K
U

R
T

O
S

IS
  

 

DESCRIPTION 

1. Abudu I 0.04 0.19 1.19 0.07 0.87 Fine sand, poorly sorted; nearly symmetrical; platykurtic. 

2. Abudu II  1.18 1.37 1.41 0.30 0.89 Coarse sand, poorly sorted; positive-skewed; platykurtic. 

3 Asaboro I 0.16 0.52 0.73 0.81 1.04 Medium sand, moderately sorted; very positive-skewed; 

mesokurtic. 

4. Asaboro II 1.08 1.14 0.94 0.15 1.34 Medium sand, moderately sorted; positive-skewed; 

leptokurtic. 

5. Ozanogogo I 1.09 1.35 1.66 0.20 1.29 Clay, poorly sorted; positively skewed; leptokurtic. 

6. Ozanogogo IIA 2.42 2.30 1.29 -0.13 0.88 Clay, poorly sorted; nearly symmetrical; platykurtic. 

7. Ozanogogo IIB 2.37 2.23 1.64 -0.13 0.64 Silty clay, poorly sorted; nearly symmetrical; very 

platykurtic. 

8. Mbiri I 1.14 1.39 1.55 0.84 1.21 Medium sand, poorly sorted; very positive skewed; 

leptokurtic. 

9. Mbiri II 1.08 1.02 1.85 0.02 0.92 Medium sand, poorly sorted; nearly symmetrical; 

mesokurtic. 

10. Idumuje-Gboko 

Rd. 

0.63 0.54 1.76 0.04 0.77 Medium sand, poorly sorted; nearly symmetrical; 

platykurtic. 

11. Idumuje-Gboko 

Rd. II 

0.91 0.90 1.53 0.05 0.98 Medium sand, poorly sorted; nearly symmetrical; 

mesokurtic. 

12. Ekpon Railway 

Cut I 

1.19 1.12 2.1 0.06 0.85 Clay, very poorly sorted; nearly symmetrical; platykurtic  

13. Ekpon Railway 

Cut II 

1.23 1.70 1.72 0.29 1.17 Sandy clay, poorly sorted; positive-skewed; leptokurtic. 

14. Ewohimi Bridge I 0.73 0.61 1.72 0.11 0.81 Coarse sand, poorly sorted; nearly symmetrical; 

platykurtic.  

15. Ewohimi Bridge 

II 

0.73 0.65 1.56 -0.01 0.92 Medium sand, poorly sorted; very negative-skewed; 

mesokurtic. 

 

Table 2: Average Percentage Composition of Grain Size 

S/N LOCATION % SAND % SILT % CLAY TEXTURE 

1 Ozanogogo I 2 31 67 Silty clay 

2 Ozanogogo II 6 38 56 Silty clay 

3 Asaboro 68 17 15 Silty sand 

4 Mbiri 48 8 44 Clayey sand  

5 Idumuje -Ugboko Road 48 7 45 Clayey sand 

6 Ewohimi Bridge 55 15 30 Clayey sand 

7 Ekpon Road 12 10 78 Clay 

8 Abudu 72 21 7 Silty sand 

 

 

Table 3 :( Percentage (%) Mineralogical Composition of the Sediments) 
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1. Abudu  78 2 5 15 0 0 

2. Asaboro Quarry 75 1 12 10 0 2 

3. Mbiri  65 0 20 12 0 3 

4. Ewohimi Bridge 40 12 21 20 1 6 

5. Ekpon Road 50 5 10 30 0 5 

6. Ewohimi/Idumuje-Ugboko Road 30 4 25 40 0 1 

7. Ozanogogo I 30 6 6 55 0 3 

8. Ozanogogo II 45 8 12 35 0 0 

 

Table 4: (Percentage (%) Modal Mineralogical Composition of the Sediments) 

 

 

Table 5: (Mineralogical Maturity Index (IMM) of Sediments (after Nwajide & Hoque, 1985) 

S/N. Location IMM Description 

1. Abudu 39.0 Super-mature 

2. Asaboro Quarry 24.7 Supper-mature 

3. Mbiri 21.7 Supper-mature 

4. Ewohimi Bridge 4.2 Sub-mature 

5 Ekpon Road 5.0 Sub-mature 

6. Idumuje-Gboko Road 6.0 Sub-mature 

7. Ozanogogo I 3.8 Sub-mature 

8. Ozanogogo II 5.6 Sub-mature 

 Average IMM = 13.8 Mature 
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1 Abudu 97.5 2.5 0 

2 Asaboro Quarry 96.2 1.3 2.6 

3 Mbiri 95.6 0.0 4.4 

4 Ewohimi Bridge 80.6 6.5 12.9 

5 Ekpon Road 83.3 8.3 8.3 

6 Ewohimi/Idumuje-Gboko Road 85.7 11.4 2.9 

7 Ozanogogo I 76.9 15.4 7.7 

8 Ozanogogo II 84.9 15.1 0 


