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ABSTRACT 

Coastal field geology of the Abia and Imo States were undertaken with a view to studying the lithostratigraphy section of the 

outcrops present in gullies, along streams, in the mines and to date the lignite beds present within the Ogwashi-Asaba Formation. 

Field study method employed in the litho-description of the outcrops involved composition, textural characteristics, structures, 

fossil content, ichnofossil, bioturbation, accessory minerals and post depositional effects. Palynology laboratory slide preparation 

went through processes of decarbonization, digestion, filtration of the organic debris with 10 µm sieve, maceral separation with 

heavy liquid and mounting of the macerals on glass slides before examination under the B-150 OPTIKA scientific microscope. 

Lithologic sequence is characterized at the base by lignite, overlain by whitish and brownish siltstone beds constituting Ogwashi-

Asaba Formation and stratigraphically equivalent to Agbada Formation. Overlying the Agbada Formation is Benin Formation 

comprising of conglomerates, poorly sorted sandstones, mudstones of varying colours of light grey to reddish brown silty 

mudstones, 3.5m thick laterite and topmost regolith layer deposited in continental environment. The lignite beds were 

palynologically dated Late Miocene, belonging to Echiticolpirites spinosus zone of P800/P830 subzone. The lignite palynomorphs 

that characterize the erected zone are Multiareolites formosus, Anthocerus sp., Nmphae lotus, Elaeis guineensis, Zonocostites 

ramonae, Retitricolporites irregularis, Monoporites annulatus, and Psilatricolporites crassus. Other stratigraphically important 

forms present are Retibrevitricolporites obodoensis, Echiperiporites estalae, Canthium type, and Brevitricolpites guinetti. The 

lignite was suggested to be deposited in the vegetated brackish environment of Late Miocene depocenter in Niger Delta, Nigeria. 
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INTRODUCTION 
Geological study of the extensive Niger Delta has been 

carried out by previous authors such as Owoyemi and Willis 

(2006), Nton and Adebambo (2009) and Nton and Adesina 

(2009). The area of study classification in terms of which 

sedimentary basin it belongs is controversial. A school of 

thought believes the Abia and Imo States coastal areas 

belong to Anambra Basin while the other believes it belongs 

to Niger Delta. The controversy was resolved in the work of 

Reijers and Nwajide (2013) where they correlated the 

sedimentary deposits to belong to Ogwashi-Asaba 

Formation in Anambra Basin and laterally equivalent to 

Agbada Formation in Niger Delta. However, the lithofacies 

of the study area is characterized by lignite deposit across 

the area. The presence of the lignite prompted the need to 

date the stratigraphic interval containing the facies. 

Therefore, palynology study was carried out on the lignite 

bed in order to determine the geologic age and the 

depocenter it belongs to in Niger Delta.  

The project area lies within the rainforest region of the Niger 

Delta Basin. The study area lies between Longitudes 

5O151011N and 5O301011N and Latitudes 7O151011E and 

7O301011E. The systematic geological mapping of the project 

area covered an aerial extent of 784km2 (Fig.1). A total of 

eight Local Government Areas cutting across Abia and Imo 

States were covered during the mapping exercise which 

lasted for thirty days. Palynological study on Ogwashi Asaba 

Formation dated it Late Miocene-Pliocene (Neogene) (Ola-

Buraimo and Akaigbobi, 2012) and Agbada Formation was 

dated to range from Oligocene-Recent (Reijers and Nwajide, 

1996). 

 

Geologic Setting 

The geology of Niger Delta has been overwhelmingly 

described by several authors including Short and Stauble 

(1967), Allen (1970), Weber (1971), Hospers (1971), Weber 

and Daukoru (1975), Evamy et al. (1978), Whiteman (1980), 

Ekweozor and Okoye (1980), Ejedawe (1981), Petters 

(1981), Nwachukwu and Chukwura (1986), Chukwueke et 

al. (1992), Egbu et al. (2009) and Akaigbobi et al. (2018). 

Niger Delta is bordered at the north by the Anambra Basin, 

to the west by Dahomey Embayment, to the east by Calabar 

Flank Basin and to the south by the Gulf of Guinea. 

 

Sedimentation in the Niger Delta commenced in the 

Paleocene and there is a continuous sedimentation in the 

province till the present moment. Whiteman (1980) 

described the progradation of the Niger Delta into the Gulf 

of Guinea which grows increasingly and steadily at a rate in 

response to the evolving drainage areas, basement 

subsidence and eustatic sea level changes. However, 

Adesina et al. (1997) described the Niger Delta progradation 

over the continental-oceanic lithospheric transition zone in 

which during Oligocene it spreads into oceanic crust of the 

Gulf of Guinea. Stratigraphy of the Niger Delta shows that 

it comprises of three formations vis-à-vis the oldest marine 

shale, Akata Formation, the middle, characterized by 

intercalation of sand and shale referred to as Agbada 

Formation and the youngest, coarse poorly sorted 
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continental sands and mudstones called Benin Formation at 

the top. The studied section in the field belongs to both the 

continental Benin Formation and older Agbada Formation 

and its lateral stratigraphy equivalent Ogwashi-Asaba 

Formation in the adjacent Anambra Basin. 

  

 
                      Figure 1: Location map of the study area (After NGSA, 2011) 

 

METHODOLOGY 

Field Method 

Field study in Abia and Imo States revealed outcrop sections 

in the gullies, along streams and in the mines. A typical litho-

log section of the outcrop is presented in Figure 2. 

Sedimentological litho-description was carried out on the 

outcrop sections by taking cognizance of the rock types; 

considering the mineralogical composition, bed thickness, 

textural characteristics such as grain size, sorting 

angularity/roundness and structures in terms of fold, fault 

and joints. Other features considered included ichnofossils, 

bioturbation, fossil content such as plants, root, stem, leaves, 

shell fragments; fabric, post depositional effects such as 

diagenesis; presence of accessory minerals such as 

muscovite, biotite, gypsum, calcite, pyrite, glauconite and 

hematite.  

 

 

 

 

Palynology Slide Preparation  

About 15g of the lignite samples were initially crushed with 

mortal and pistol, placed in labeled plastic beakers. They 

were further subjected to digestion with 60% grade 

hydrofluoric acid (HF), soaked overnight and intermittently 

stirred to achieve higher degree of digestion. The digested 

samples were sieved with 5µm sieve in order to concentrate 

the macerals (organic matter) and also to remove clay 

particles which may obscure the pollen, spores, 

dinoflagellate, algae and other stratigraphically important 

materials necessary for scientific interpretation and 

photography. Heavy liquid such Zinc chloride (ZnCl2) was 

used as separating medium of the maceral; carried out with 

the use of centrifuge at 2000 revolution/min for fifteen 

minutes, maceral was at the top while organic debris was at 

the bottom of the tubes. The collected macerals were 

mounted on glass slides with cover slips using “Deepex 

mountant”. Scientific palynological analysis was carried out 

under the “Will microscope”, while photographs of 

important pollen and spores were taken with the aid of 

“Nikon Coolpix P6000 model”. 
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RESULTS AND DISCUSSION 

Stratigraphy 

The project area lies in the eastern part of the Niger Delta. 

The Afam Clay Member of the Agbada Formation is 

extensive. The lateral extent of the Benin Formation is 

enormous. It occurs almost delta wide and has a seaward 

limit just within the Plio-Pleistocene shore. The sediments 

are brown and white in colour (Plates 1 and 2), sometimes, 

cross-bedded sands with pebbles (Plates 3 and 4). Sand and 

sandy clays occur in lenses, fining upward and coarsening 

upward sequence (Plates 1 and 5). Disseminated and 

embedded lignites occur within the Agbada Formation (Plate 

4). This was noticed in the project area at Afara Gully around 

Ubakala in Umuahia where lignite was found embedded 

within sands (Plate 4). A typical lithological section is 

presented in Figure 2 while surface outcrop formations and 

their equivalent subsurface formations are indicated in Table 

1

 

 
Figure 2: Litho-log of an outcrop section in coastal Niger Delta 

 

Table 1: Tertiary and Present-day Facie of the Niger Delta (modified after Nwajide, 2013) 

Outcropping Units Subsurface Units Present-day Equivalent 

Coastal plain sands  

(Benin Formation) 

Coastal plain sands  

(Benin Formation) 

Continental (fluviatile) deposits mainly 

sandstones and mudstone 

Ogwashi-Asaba Formation 

 

Agbada Formation Mixed continental brackish water, 

sandstone, clays and lignite 

 

In the project area, only the Benin and Ogwashi-Asaba 

Formations were encountered. The Ameki Group is a lignite-

bearing set of beds called the Ogwashi-Asaba Formation 

(Reijers and Nwajide, 1996). The lignite beds consist of 

black to brown coals a few centimeters to 2m thick exposed 

in a belt that stretches from Asaba area southeastwards to the 

north of Calabar (Figure 2). This was noticed in the project 

area in Afara Gully within Ubakala area of Umuahia. It is 

1.6m thick as measured from the field. This unit is thought 

to be depositional product of swamp forests. 

The Benin Formation predominantly consists of sandstones, 

mudrocks, Conglomerates and pebbly horizons. In the 

absence of pebbles and conglomerates, the sands are loose, 

friable and highly unconsolidated as well as erodible. The 

mudrocks are sometimes associated with slump structure as 

a result of oversaturation of the rock, thereby resulted to 

movement along the slope due to gravity (Plate 6). This is 

why most areas in Imo and Abia states within the project 

area have gullies. This suggests continental depositional 

environments. 
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Plate 1: Coarsening upward sequence continental deposit of Benin Formation (ABA/321/NE/28A) 

 
Plate 2: Intercalation of sand and lignite deposit in Agbada Formation (ABA/321/NE/6) 

 

 
Plate 3: Cross bedded Structures                        Plate 4: Cross bedded structures, lignite intercalated at Umuogwu 

ABA/321NE30                        at Umuogwu ABA/321NE30 
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Plate 5: Fining upward sequence and cross bedding structure of Agbada Formation at Location ABA/321/NE/30 

 

 
Plate 6: Slump structure, evidence of localized clay movement within Benin Formation (ABA/321/NE/30) 

Palynozonation 

The analyzed lignite sample is quite rich in pollen and 

spores, containing relatively moderate quantity of algae. 

Therefore, the sample can be described to be richly abundant 

and diverse in palynomorphs. A broad Pan-Tropical zone of 

Echitricolporites spinosus zone established after Germeraad 

et al. (1968); and P800 zone of Evermy et al. (1978) was 

erected for the samples which are suggested to restrict 

between P820-P830 subzones.  

 

The samples are characterized by Late Miocene forms such 

as Multiareolites formosus, Nymphae lotus, Elaeis 

guineensis, Anthocerus sp (Psilate), Zonocostites ramonae, 

Retitricolporites irregularis, Monoporites annulatus, and 

Brevitricolpites guinetii. Other important forms present 

include Psilatricolporites crassus, Retibrevitricolporites 

obodoensis, Verrucatosporites sp, Laevigatosporites sp, 

Leiotriletes sp, Echiperiporites estalae, Canthium type and 

Brevitricolpites guinetii. The pollen and spores assemblage 

recovered here are similar to those reported in the Late 

Miocene to Pliocene sediments of Ogwashi-Asaba 

Formation in Umuna-1 well of Anambra Basin (Ola-

Buraimo and Akaigbobi, 2012). Angiosperm pollen occurs 

in moderate frequency while the gymnosperm is rare. 

Therefore, the lignite sample is conveniently dated Late 

Miocene facies deposited in deltaic environment, probably 

brackish in nature as a result of co-occurrence of 

Zonocostites ramonae and chinate pollen. The lateral 

stratigraphic equivalent of the Agbada Formation is 

Ogwashi-Asaba Formation in the adjacent Anambra Basin 

(Table 1). The lithofacies that overlie the lignite are 

suggested to be younger than P830 subzone, which could be 

Pliocene or Younger in age (Figure 1). The stratigraphic 

section of the study area belongs to Late Miocene depocenter 
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of Niger Delta, Nigeria. Some of the photographs of 

important pollen and spores are presented in Plate 7. 

 

                   
                1                                    2                                   3                                4                        

                  
             5                                 6                                  7                                  8 

                   
              9                             10                            11                                12 

      
                  13                          14                        15 

Plate 7:  Palynology of important pollen and spores (×800) 

1 Anthocerus sp.; 2 Brevitricolpites guinetii, 3 Zonocostites ramonae, 4 Canthium type,  

5 Multiareolites formosus; 6 Nymphae lotus; 7 Retibrevitricolporites obodoensis;  8 Elaeis gueenensis; 9 Laevigatosporites sp; 10 

Monoporites annulatus; 11 Multiareolites formosus; 12 Nymphae lotus, 13 Retitricolporites irregularis; 14 Verrucatosporites sp. 

15 Zonocostites ramonae  

 

CONCLUSION 

Lithologic description of the outcrops encountered in the 

Aba and Abia coastal areas show that the sequences are 

mainly of Agbada and Benin Formations. The Agba 

Formation is characterized by intercalated lignite, claystone 

and siltstones while the overlying Benin Formation is 

composed of poorly sorted sandstone, conglomerate, 

mudstones and laterites of continental environment of 

deposition. The lateral stratigraphic equivalent of the 

Agbada Formation is Ogwashi-Asaba Formation in the 

adjacent Anambra Basin. Palynological dating of the lignite 

beds place it in Late Miocene, consisting predominantly of 

terrestrial pollen and spores, suggestive of deposition in 

marginal marine environment of brackish sub-environment.   
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