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ABSTRACT 
Recently hydrocarbon exploration and production in the Niger Delta Basin have shifted to  

offshore areas and this has required risk appraisal for their successful implementation. In order to  

improve our understanding of the petroleum system of these areas ditch-cuttings samples  

selected from three deep offshore wells A, B and C are subjected to palynological and  

sedimentological analyses to create a palynomorph biostratigraphic framework and microfloral  

zones. Palynostratigraphic data and lithofacies data are integrated for the first time (in this  

study area) with those of the wireline well log data for the better understanding of the sequence  

stratigraphy of this region.  

In general, the palynological results revealed abundant and diverse palynomorph occurrences. 

Although land-derived palynomorphs represented by angiosperm pollen, gymnosperm  

pollen, pteridophyte/bryophyte spores, fungal spores and freshwater algae dominated the  

observed palynomorph assemblages, the forms of marine origin comprising dinoflagellate  

cysts, microforaminiferal wall-linings, silicoflagellates, diatom frustules and scolecodonts, were  

rarely represented.  

Angiosperm pollen comprised 79-85 % of the recovered palynomorphs in the wells. They are  

dominated by Zonocostites ramonae, Z. duquei, Monoporites annulatus, Arecipites spp.,  

Cyperaceaepollis spp., Psilastephanocolporites spp., Psilatricolporites crassus, Chenopodipollis  

spp., Retistephanocolpites gracilis, Nymphaeapollis clarus, Peregrinipollis nigericus,  

Canthiumidites spp., Gemmamonoporites sp.,  Retibrevitricolporites obodoensis,  

Retitricolporites irregularis, Pachydermites diederixi, Echitricolporites spinosus and  Elaeis  

guineensis. The pteridophyte/bryophyte spores comprised 9-10% of the total palynomorph 

 assemblages and among these, Verrucatosporites spp., Laevigatosporites spp., Stereisporites  

sp. and Acrostichum aureum were prominent. Based on these taxa the strata penetrated by these  

wells ranged in age from Late Miocene (P860 Subzone) to Pleistocene (P900 Subzone).  

       The contrasting relative abundances of mangrove and Poaceae pollen during the Late Miocene to 

Pleistocene indicated fluctuations in the climatic conditions in this area during these epochs. 

These unstable climatic conditions are interpreted to have resulted from rapid changes in the sea 

level. The palynofloral assemblages revealed that the sediments were deposited in three main 
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depositional environments: nearshore, shallow and marine. They are further subdivided into 

deltaic distributary channel, tidal channel, submarine channel, regressive marine and prograding 

delta sub-environments. The sand units of these sub-environments have good reservoir quality, 

while the shales provide good quality source and sealing rocks in the Niger Delta. 

Integration of the palynostratigraphy, lithofacies and well log data reflects some cycles of 

sequence systems tracts and sedimentary surfaces- with similar patterns and occur within almost 

the same depth interval ranges. The major contribution of this research has been to show that 

there is some degree of correlation between microfloral zones and depositional sequences based 

on the various methods employed. These relationships imply that climatic conditions, coupled 

with other factors like localized subsidence, played an important role in the sea level changes in 

the Niger Delta area.   

Four major depositional sequences of Late Miocene-Pleistocene age have been delineated. The 

sequences are bounded chronologically by type-1 sequence boundaries (SBs) 5.5 Ma SB, 4.1 Ma 

SB and 3.0 Ma SB. These depositional sequences are interpreted to have experienced four major 

flooding events marked by four maximum flooding surfaces (MFS), namely the 5.8 Ma MFS, 5.0 

Ma MFS, 3.9 Ma and 2.0 Ma MFS in ascending order. This suggests that the combined analyses 

of palynostratigraphy, lithofacies and well log data can be used as a means to predict the location 

of the system tracts and sedimentary surfaces in order to raise the confidence in the correlation 

and interpretation of depositional sequences. 

 

Key words: palynostratigraphy, correlation, Niger Delta, Cenozoic, deep offshore, lithofacies, 

sequence stratigraphy 
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CHAPTER ONE 

INTRODUCTION 

1.1 Introduction and Scope of Study  

The Niger Delta Basin is well known worldwide to be the most productive and economic 

sedimentary basin in Nigeria. It is ranked as the twelfth richest in petroleum resources with 2.2  

% of the world’s discovered oil and 1.4 % of the world’s revealed gas (Klett et al., 1997; 

Petroconsultants, Inc. 1996). By virtue of the size and volume of petroleum accumulation 

discovered since 1956 (Kulke, 1995), various exploration and production (E and P) activities  

have been going on to improve the exploitation of the enormous oil and gas deposits in 

both onshore  and offshore in this basin. 

However, the E and P activities have been concentrated in the Nigerian continental onshore oil 

fields since the late 1950’s until the early 1990’s when the offshore oil fields were discovered.  

Since then the oil and gas E and P activities have shifted to Nigeria’s offshore areas.  

Offshore hydrocarbon E and P are high risk ventures and risk appraisal is of utmost important for 

the success of their implementation (Saifullah and Pudjihanto, 1996). Therefore, a better 

understanding of the essential petroleum elements (geological factors such as source, reservoir, 

trap and seal rocks and their interconnections) as well as the time factor, are needed to assess this 

risk. It is the concern of petroleum geologists to gather multidisciplinary information that can  

lead to the evaluation of these fundamental geological. Among these, palynostratigraphy,  

sedimentology, structural geology, reservoir engineering, seismic mapping, lithostratigraphy and  

geochemistry play important roles in the effective evaluation and better understanding of  

these geological factors.  

Interpretation of palynostratigraphy, incoporated with well logs and seismic data offers an  

integrated sequence- stratigraphic study for forecasting reservoir, seal, trap and source rocks  

(Mitchum et al., 1994). Furthermore, palynostratigraphy determines the relative ages of  

subsurface  sedimentary strata based on their contained fossils with the aim of achieving  

biostratigraphic correlation (i.e. establishing a temporal equivalence of widely separated rock  

units). To accomplish this, the datum level (i.e. the range in geologic time from evolutionary  

origin to extinction) of the marker fossils need to be determined. The evolutionary origin and  
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extinction of fossils are defined as “base or first appearance datum (FAD) or first occurrences  

(FO), and top or last appearance datum (LAD) or last occurrences (LO)”, respectively (Raup,  

1991). The present study uses palynostratigraphy, well logs and lithologic data to determine the  

depositional setting of the sequences penetrated by the wells A, B and C from the Cenozoic  

offshore Niger Delta.  

1.1.1 Location of the Niger Delta Basin and the study area 

The Niger Delta basin is situated in the Gulf of Guinea on the edge of West Africa (Doust and  

Omatsola, 1990). The shape and internal structure of the Niger Delta are also restricted by  

fracture zones along the oceanic crust, e.g. the Charcot fracture zone, expressed as trenches and  

ridges that created the basin during the opening of the South Atlantic in the Late Jurassic –  

Cretaceous.  

The Niger Delta sits at the southern end of the Benue Trough, which corresponds to a meeting  

point of the Rift-Rift-Rift triple junction formed as a response to tectonic activities that  

led to the separation of the African continent from the South American continent (Burke et al.,  

1971; Salard-Cheboldaeff, 1990; Figure 1.1). 

 

Figure 1. 1 Sketch map of Africa and South America showing the tripple junction fracture    

                   zones between the Late Jurassic and Cretaceous (modified after Bankole, 2010) 
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The deep offshore portion of the Niger Delta basin, which is the location of the present study area, lies  

between latitudes 2° and 7° N and Longitudes 3° and 9° E. The basin shares boundaries with the Benin  

Flank in the west, and Calabar Flank in the east. It is bounded in the north and south by the older  

Cretaceous sedimentary rocks and the 4000 m (13,100 ft.) bathymetric contour respectively (Tuttle et  

al., 1999).  

1.1.2 Origin and Tectonic Evolution of Niger Delta Basin  

The geological evolution of the Cenozoic Niger Delta can be traced to the early Cretaceous after 

the separation of the African and South American continents. The evolutionary history of the 

Niger Delta has been extensively discussed by many workers such as Hospers (1965), Short and 

Stauble (1967), Burke (1972), Weber and Daukoru (1975), Lehner and De Ruiter (1977) and 

Evamy et al. (1978). This event was initiated by the presence of a Rift-Rift-Rift triple junction at 

the present spot of the Niger Delta. The first two arms of this junction continued to spread in 

East-West directions that led to the present-day North and South Atlantic Oceans, and to the 

movement of the African and South American continents to their present locations. Conversely, 

the evolution of the third arm into a fully-fledged oceanic basin, was terminated by the end of the 

Cretaceous to form an aborted ocean (aulacogen), which is the present-day Benue Trough 

(Okonny, 1988; Figure 1.2).  

 

 

Figure 1. 2 Early evolution of the Niger Delta sedimentary basin, Albian – Lower    
                     Santonian (original after Murat, 1972; modified by Bankole, 2010)  
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However, this trough has undergone three main tectonic phases. The first tectonic phase resulted 

in the rift-like Benue-Abakaliki Trough and was filled by three main transgressive-regressive 

depositional cycles (Short and Stauble, 1967; Murat, 1972; Weber and Daukoru, 1975; Figure 

1.2). This was followed by a second tectonic phase accompanied by compressional movement 

that terminated in the Coniacian, followed by a major transgression in the upper Santonian and 

resulted in folding and uplifting of the Benue-Abakaliki Trough to form the Abakaliki High. 

Meanwhile the Anambra Platform was downwarped to form the Anambra Basin (Burke, 1972; 

Figure 1.3). Finally, the last tectonic episode of Cenozoic age was characterized by the the 

deposition of deltaic complexes that culminated in the present-day Niger Delta Basin. Thus, this 

basin is regarded as the youngest among the other sub-basins in southern Nigeria (Reijers et al., 

1997; Table 1)    

 

 

Figure 1. 3: Early evolution of  the Niger Delta sedimentary basin, lower Coniacian-lower    
                    Eocene (original after Murat, 1972; modified by Bankole, 2010) 

 
1.1.3 Stratigraphy and depositional environments in the Cenozoic Niger Delta Basin 

The different depositional environments that typify most deltas are reflected in the lithofacies that  

made up the Cenozoic Niger Delta. Therefore, the depositional environments that predominated in the  

Tertiary Niger Delta successions can be differentiated into continental, transitional and marine (Short  

and Stauble, 1967).  
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The Cenozoic Niger Delta covers roughly an area of 211,000 km2 , with its associated cumulative  

sedimentary succession  of about 12,000 m thick (Knox and Omatsola, 1989; Doust and Omatsola,  

1990). The Niger Delta, which comprised regressive sequences of siliciclastic sediments, has been  

subdivided into three main sedimentary units viz: Akata, Agbada and Benin Formations  

(Table 1.1 and Figure 1.4).  

 

  
Table 1. 1 : Formations in the Niger Delta Area (from Short and Stauble, 1967) 

 

Subsurface 
 

Surface Outcrops 
Youngest 
Known 
Age 

 Oldest 
Known Age 

Youngest 
Known Age 

 Oldest  
Known Age 

Recent  
Benin Formation 

 

 
Oligocene 

Pliocene/ 
Pleistocene 

 
Benin Formation 

 
Miocene? 

 
Recent 

 
Agbada Formation 

Afam Shale member 

 
Eocene 

Miocene 
 
 

Eocene 

Ogwashi-Asaba 
Formation 

 
Ameki Formation 

Oligocene 
 
 

Eocene 
Recent 
 
 
 
 
 
 
Equivalent 
Not  
Known 

Akata Formation 
 
 
 
 
 
 

Equivalent Not  Known 
 

Eocene L.Eocene Imo Shale 
Formation 

 
Paleocene 

Paleocene 
 
 

Maestrictian 
 
 

   Campanian 
 

Camp/Maest 
 

Nsuka Formation 
 
 

Ajali Formation 
 
 

Mamu Formation 
 

Nkporo Formation 

Maestrictian 
 
 

Maestrictian 
 
 

Campanian 
 

Santonian 

Coniacian/ 
Santonian 

 
Turonian 

 
Albian 

 

Awgu Shale 

Eze Aku Shale  

 
Asu River Group 

Turonian 
 
 

Turonian 
 
 

Albian 

 

The Akata Formation, which formed in the   Paleocene until Recent, is the oldest formation in the  

Niger Delta and comprised continuous, uniform marine shale deposits (Short and Stauble, 1967;  

Avbovbo, 1978). Secondly, the paralic Agbada Formation that was deposited on top of the marine  

shale during the Eocene to the Recent constitutes the deltaic part of the Niger Delta sequences. This  

constitutes several facies, namely delta front, delta-topset and fluvio-deltaic environments  

(Corredor et al., 2005). Finally, the Benin Formation, which is the youngest formation in the Niger  

Delta, comprises chiefly continental siliciclastic sediments that were deposited during the Oligocene  

to the Recent.   
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1.1.3.1 The Akata Formation 

This formation is distinctive, and comprises dark gray marine shale with occasional to few streaks of  

sand and silts, probably of turbiditic origin (Short and Stauble, 1967; Avbovbo, 1978). The shale of  

this formation cropped out offshore as diapirs along the continental slope, and onshore as the Imo  

Shale (Table 1.1), which has been inferred to be the chief source rock that generated hydrocarbons in  

the Niger Delta (Short and Stauble, 1967; Ekweozor and Daukoru, 1984, 1994; Doust and Omatsola,  

1990). It is interpreted to be rich in marine micro-fauna, chiefly planktonic and benthic foraminifera  

(Short and Stauble, 1967).  

      

 
 

Figure 1. 4: Schematic representations of the diachronous nature of major Niger Delta  
                     lithofacies units, and the stratigraphic  relationships of clay-filled channels on    
                     the delta flanks (after Doust and Omatsola, 1990; Lawrence et al, 2002;   
                     modified by Bankole, 2010)   
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1.1.3.2 The Agbada Formation 

This formation consists of mainly alternating sandstones and mudstones that are of fluvial and 

marine origin, respectively. Glauconite, kaolinite, small amounts of illite, smectite and shell  

fragments composed the sandstones. The well log data reflectes that the basal part of this formation is  

characterized by a high shale to sand ratio (Short and Stauble, 1967). This composition reversed itself 

in the middle part and persisted to the top as the formation graded vertically into the mainly  

continental deposit of the above formation (Benin Formation). The repeated cycles of paralic deposits  

that typified this formation resulted in multiple reservoir and seal rocks that characterized the Agbada  

Formation (Doust and Omatsola, 1990). The ditch-cuttings samples used for this present study are  

mostly from paralic Agbada Formation sediments.  

 

 1.1.3.3 The Benin Formation 

The Benin Formation represents the shallowest and topmost part of the Niger Delta sequence. It  

comprises coarse-grained, granule and pebbly to fine-grained sandstones that are non-marine in  

nature and are poorly sorted (Short and Stauble, 1967). Thin streaks of lignite and common  

occurrences of hematite and feldspar grains compose the sandstone lithology. The sandstone are   

point-bar and channel fill or levee deposit, whereas the presence of shale intercalation is indicative  

of backswamp deposits and oxbow fills in this formation (Short and Stauble, 1967). Few of the  

acquired ditch-cuttings samples used for this study are medium to coarse sediments likely to be 

continental Benin Formation sediments.    

 
1.1.4 Basin architecture in response to the tectonics in the Cenozoic Niger Delta Basin 

The Cenozoic Niger Delta tectonic structure is comprised of growth fault bounded building blocks,  

which are the result of the cyclic rapid southwards progradation of the delta. These major growth  

fault bordered sedimentary units have been reported in the Niger Delta as mega or macro structures  

(Evamy et al., 1978) and as depositional belts or “depobelts” (Knox and Omatsola, 1989; Doust and  

Omatsola, 1990; Reijers et al., 1997).   

 
1.1.4.1 Depobelts 
These depositional belts are regarded as short-lived basinal areas because older depobelts were  

succeeded by new ones in space and time as the delta prograded basinward. During the advancing 

 delta progradation the forward moving paralic sediments rested on the under-compacted marine  
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shales. These marine shales, which were under the influence of the weight of the advancing paralic  

siliciclastic block, assisted the subsidence of tbe basin and sedimentation of the paralic sediments by  

continuous seaward withdrawal and forward movement of the shale. A stage was reached when the  

underlying marine shale could no longer accommodates the subsidence and sedimentation of the  

paralic sediment; hence, the centre of deposition moved basinward to delineate a new depobelt. The  

subsequent depobelts were formed in the same manner as illustrated above.  This mechanism that is  

responsible for the formation of the depobelt is referred to as the “escalator regressive model” (Knox  

and Omatsola, 1989; Doust and Omatsola, 1990; Figures 1.5 and 1.6) which has been adopted by the  

majority of the petroleum geologists working in the Niger Delta. 

  

 

Figure 1. 5: Schematic diagram to illustrate escalator regressive pattern and subsidence    
                     rate of the depobelts (from Doust and Omatsola, 1990; modified by Bankole,    
                     2010) 

 

However, the formation of individual depobelts has been linked to the alternating transgression and  

regression cycles that are associated with sea level rise and fall in the Niger Delta (Doust and  
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Omatsola, 1990). The marine shale sediments are inferred to have been deposited during the  

transgression, while the paralic continental-derived facies are usually associated with regressive  

successions.  In the same trend, climatic changes that are related to the wet and dry periods have also  

been proposed to influence the periodicity of paralic sediment deposition (Burke and Durotoye,  

1970).  

Seven depobelts namely Northern delta, Greater Ugheli, Central swamp I, Central swamp II, Coastal 

swamp I, Coastal swamp II and Offshore depobelts, have been differentiated in the Niger Delta  

(Figure 1.5) (Doust and Omatsola, 1990). Successive depobelts are distinguished with a distinct age  

and becoming younger in the basinward direction. The acquired ditch cutting samples for this study  

were drilled from the youngest offshore depobelt in the Cenozoic Niger Delta.  

1.1.5 Growth faults, rollover anticlines and other common structures in the Niger Delta  

          Basin 

The Niger Delta basin is controlled by common structures, namely the growth faults, rollover  

anticlines, antithetic faults and other structures that include crestal and flank faults and shale diapirs  

(Weber and Daukoru, 1975; Doust and Omatsola, 1990). 

Growth faults are�faults that form as paralic sediment pile up during sedimentation, and  

are therefore considered syn-depositional or synsedimentary faults. Growth faults that marked the  

up-dip limit of depobelts in the study area have resulted from the deferential load of the overlying  

paralic sediments and the high mobility of the lowermost marine shale with low density that typified  

the regressive deltaic sequences (Figure 1.7; Weber, 1971; Weber and Daukoru, 1975; Doust and  

Omatsola, 1990; Schlische and Anders, 1996). However, the sedimentary layers that made up these  

faults are of different geometry and thickness on the landward and basinward sides of the faults plane  

(Figure 1.7). The downthrown side, which is on the basin side, comprised folded, faulted and thicker  

sediment strata that dip landward close to the fault plane and basinward away from it, whereas the  

upthrown block on the landward side consists of unperturbed strata that dip gently basinward (Figure  

1.7; Schlische and Anders, 1996).  
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Figure 1. 6: Schematic diagram illustrating development of successive depobelts (from     
                     Doust and Omatsola, 1990; modified by Bankole, 2010)  

 
Furthermore, the downthrown side strata are deformed to produce synthetic and antithetic dip- 

slip faults, which plunge in the same or in the opposite direction of the main growth fault  

respectively. When the antithetic and synthetic faults assumed a curved shape close to the main  

growth faults plane the rollover anticline is produced (Figure 1.7; Schlische and Anders, 1996).  

Simple rollover structures, structures with multiple growth faults, structures with antithetic faults  

and collapsed crestal structures characterize the oil and gas fields in the Niger Delta basin  

(Weber and Daukoru, 1975; Figure 1.8).  

       Diapiric structures are also important structures in the Niger Delta and are common in the 

offshore continental slope. They were produced by the gravitational forces exerted by the deltaic 

       sediments causing the underlying mobile marine shales of the Akata Formation to rise and swell 

out, forming diapirs and dome-like structures (Merki, 1972; Hospers, 1971; Figure 1.9). 
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Figure 1. 7: Schematic diagram showing a growth fault and associated structures (modified                     
                     after Schlische and Anders, 1996)�

1.1.6 The petroleum systems and sedimentary structures in the Niger Delta Basin  
Based on the reliable facts from literature, the understanding of the petroleum system of the  

Niger Delta basin is incomplete, especially with regard to the kinds of its source rock.  

However, some researcers regarded the marine Akata Formation as the main source rock for the  

hydrocarbon formation in this basin (Ejedawe et al., 1984; Lambert-Aikhionbare and Ibe, 1984).  

Other authors are of the contrary opinion that both the Akata and the marine succession of the  

Agbada Formations in part are the primary source rocks of the hydrocarbons in the basin  

(Ekweozor and Okoye, 1980; Ekweozor and Daukoru, 1984; Weber and Daukoru, 1975; Evamy  

et al., 1978). In spite of the ongoing controversies about the source rock, the paralic sequences of   

the Agbada Formation are unanimously regarded as the reservoir rocks in the Niger Delta Basin.  

Growth faults act as the migratory paths for the hydrocarbons generated in the Akata shales  

into the upper Agbada reservoir sands. The rollover anticlines, growth faults and diapiric  

structures form effective structural and stratigraphic traps for the hydrocarbons in the Agbada  

reservoir sands (Figures 1.7-1.9).     
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Figure 1. 8: Main types of oilfield structures that characterized Niger Delta with schematic      
                     symbols of common trapping relationship (from Weber and Daukoru, 1975;   
                     modified by Bankole, 2010) 
  

1.1.7 Biostratigraphy of the Cenozoic Niger Delta basin 

Many workers investigating the Niger Delta sediments have employed different aspects of  

biostratigraphy. Among these are reports on foraminifera (Peters, 1979; Ogbe, 1982; Ozumba, 1995;  

Ozumba and Amajor, 1999; Nton and Esan, 2010) and calcareous nannofossils (Boboye and Adeleye,  

2009; Ojo et al., 2009). These biostratigraphic studies have without doubt assisted in the dating of the  

Cenozoic strata.  
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Figure 1. 9: Schematic diagram showing a diapiric structure (modified after �Ludman and     
                     Coch, 1982) 

 
Unfortunately, as petroleum E and P activities progress from onshore towards deep offshore  

depobelts in the Niger Delta region, the biostratigraphic studies become more complex and open  

to question. This is due to the poor preservation of calcareous skeletons that are usually  

associated with deeper water offshore depositional environments (Sargent, 1974; Rothwell,  

2005; HüNeke and Mulder, 2011). In addition, calcareous microfossil distributions are strongly  

modified by depositional environments characterized by rapid lateral and vertical facies changes  

such as in deep-offshore Niger Delta. Nonetheless, in offshore depositional settings like the  

present study area, this is usually associated with a high rate of subsidence. According to  

Van Der Zwan and Brugman (1999) conventional biostratigraphy failed to give enough  

resolution to supply time frame necessary for the reliable correlation of reservoirs across growth  

faults.  Armentrout et al. (1999) and Emery and Myers (1996) also reported that the rapidly  

deposited fans in the deep offshore marine environments are commonly barren of in situ  

microfossils, mostlyly calcareous microfossils. Therefore, calcareous microfossils, which are  

used as the main biostratigraphic tools in the Niger Delta, need to be complemented with  

organic-walled microfossils that are less affected by depositional environments nor subjected to  

facies controls in deeper offshore settings. 
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1.1.8 Palynostratigraphy of the Cenozoic Niger Delta Basin  

Palynostratigraphy is becoming increasingly importa��� in basin analysis worldwide, most  

especially in the petroleum industries (Chow, 1995; Helenes, et al. 1998; Morley, 2000;  

Sowunmi, 2004; Barreda, et al., 2009). This is because of the relevance of  

palynostratigraphy in resolving many serious age and facies correlation problems that are usually  

associated with deep-offshore marine depositional environments characterized by rapid lateral  

and vertical facies changes. The statistical analysis of spores and pollen in both continental and  

marine deposits enhances the possibility of correlation of onshore depositional environments  

with those of offshore deposits in sedimentary basin analysis (Olajide, et al. 2012).  

Therefore, spores and pollen allowed the detailed zonation of the paralic sequences, such as  

those of the Agbada Formation in the Niger Delta, in which marine and non-marine strata  

alternate, and of the continental deposits (Glaessner, 1964). 

1.2 Previous work in the study Area 

1.2.1 Palynology work in the study area 

A great number of palynological studies have been carried out in the Cenozoic Niger Delta and  

its environs. Among these are the pioneering palynological works of Van Hoeken-Klinkenberg  

(1966) on the late Cretaceous to early Paleogene spores and pollen from the Anambra basin,  

Nigeria, as well as the description of new sporomorphs from Upper Maastrichtian tar sands of  

the Dahomey Basin (Jan du Che� e, 1977) and the Neogene of Nigeria (Clarke and  

Frederiksen, 1968).  

Some palynomorphs are age indicators, and therefore, the stratigraphic extinction or evolution of  

such index species in a sedimentary stratum suggest the age of that stratum (Raup, 1991;  

Demchuk and Morley, 2004). For instance, the palynological study of Clarke (1966) on the  

Neogene Niger Delta sediments recorded a new age diagnostic sporomorph Peregrinipollis  

nigericus, which has since then been used extensively as a marker species for dating Middle-Late   

Miocene strata in the basin. The quantitative base occurrence of the palynomorph taxon  

Podocarpus milanjianus in the diachronous Niger Delta sediments suggests the 

boundary between the Pliocene and Pleistocene epochs (Knaap, 1971; Morley and Richards,  

1993). 
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The relative diversity and abundance of spore and pollen taxa have been useful for the 

construction of vegetation zones that can suggest paleoecological and paleoclimatical conditions. 

The preponderance of Poaceae pollen indicating cooler and dry climates, as well as the 

dominance of mangrove pollen Rhizophora spp. suggesting wet and warm climates, were 

reported from palynological investigations in Atala-1, Bassan-1 and North Chioma-3 wells in the 

Niger Delta (Ige, 2009, 2011; Ige et al., 2011). The contrasting oscillation between the 

percentage occurrences of these taxa indicates unsteady wet and dry conditions in this region 

(Ige, 2009). Morley and Richards (1993) and Durugbo et al (2010) used Gramineae cuticle and 

sporomorphs, respectively, as tools for climatic change reconstruction in the Late Cenozoic 

Niger Delta. 

Some researchers have made significant efforts in employing palynomorph taxa for the  

biozonation of the Tertiary Niger Delta sedimentary strata. While some authors used long  

stratigraphic range taxa (Germeraad et al., 1968; Figure 1.10), others used short stratigraphic  

range taxa (Evamy et al., 1978; Legoux, 1978; Morley and Richard, 1993) for their biozonation  

schemes. The biozonation of Evamy et al., (1978), which subdivided the Paleocene-Pleistocene  

epochs into eight zones (Figures 1.10 and 2.6 in Chapter Two), and biozonation of Morley and  

Richards (1993) that subdivided Middle Miocene-Pleistocene strata into 21 zones (Figure 2.7),  

are commonly used by many workers in the Niger Delta. Other important contributions in the  

Niger Delta are the more recent palynological publications by Ajaegwu et al. (2008), Durugbo et  

al. (2010) and Ajaegwu et al., (2012). 

1.2.2 Sequence stratigraphy 

Variations in the abundance of some spore and pollen taxa relate well to changes in eustatic sea 

level (Poumot, 1989) and hence, palynological analyses offered a proxy for the understanding of  

sea level rise and fall (Morley et al., 2004). For instance, low eustatic sea level that is correlated 

with dry climatic conditions is characterized by an abundance of Poaceae pollen whereas 

mangrove pollen is predominant during transgressive-highstand that suggests humid climatic 

intervals (Morley, 1995).  
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Figure 1. 10: Schematic diagram showing zonation schemes of Niger Delta (from 
        Germeraad et al., 1968; Evamy et al., 1978; Legoux, 1978). 
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A number of workers have drawn attention to the significance of palynological analysis in  

comprehensive sequence stratigraphic interpretations. Among these are the works of Armentrout  

et al. (1999) on a high impact sequence stratigraphic study of the Oso Field, Niger Delta, of EA  

Field, Niger Delta by Van Der Zwan and Brugman (1999), and the application of spores and  

pollen to distinguish systems tracts of the Niger Delta sediments by Morley (1995). Other  

workers have integrated well logs, lithologic and palynostratigraphic data to unravel sequence  

stratigraphic problems in the Niger Delta (Oboh- Ikuenobe-Ikuemobe et al., 2005; Adegoke,  

2012; Boboye and Ademola, 2013; Ojo and Gbadamosi, 2013).   

1.3 Aims and Objectives of the study 

The purpose of this study is to analyze ditch-cutting samples from wells A, B and C for their  

palynomorph contents to create a palynomorph biostratigraphic framework to complement existing  

microfossil and nannofossil biostratigraphy in the Niger Delta. In addition, palynostratigraphic data  

combined with wireline well logs and lithological data are used to diagnose sequence stratigraphic  

parameters needed for the well-to-well correlation in the study area.  

The study is set to achieve the following objectives: 

�  identification of palynomorphs 

�  systematic description of palynomorphs  

�  establishment of pollen biozones 

�  using palynostratigraphic, lithologic and well logs data for sequence stratigraphic interpretation  

�  comparison with other works in the study area and 

�  attempt at correlation of the studied wells. 

The expected contribution to knowledge: 

On successful completion of this work, adequate data would have been generated on palynomorph 

biostratigraphy that will complement the existing microfossil and nannofossil biostratigraphy in the  

Niger Delta basin. This will enhance the exploration of hydrocarbon and basin analysis in the deep  

offshore environment where calcareous microfossil data are lacking. 
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CHAPTER TWO 

MATERIALS AND METHODS 

2.0 Introduction 

The offshore well ditch-cuttings samples were processed and analyzed for palynology. Biozones  

and floral zones were delineated using the schemes of Evamy et al. (1978) and Morley and  

Richards (1993). Gamma ray logs were acquired by the Mobil Producing Nigeria Unlimited  

(MPNU) consulting company and lithofacies analysis were done by the technologist of the  

Department of Geology, Obafemi Awolowo University, Ile-Ife, Nigeria. Sequence  

stratigraphic analysis was carried out based on the data obtained from palynology,  

lithofacies and gamma ray logs. Finally, all interpretations were done by the author.   

2.1 Materials 

        Ditch-cuttings samples of sedimentary rocks from three wells with three suites of wire-line well-

logs were acquired from the deep offshore Niger Delta, Nigeria. The well-log suites comprise 

Gamma-ray log (GR), Resistivity log (RES), Density log (DENS) and Sonic log. The names and 

locations of these wells and well logs are confidential for proprietary reasons. Therefore, these 

wells and well logs have been code-named Wells A, B and C and are located within Mobil 

Producing Nigeria Unlimited (MPNU) acreage in the southeastern offshore Niger Delta (Figure 

2.1). The Department of Petroleum Resources (DPR) and National Petroleum Investment and 

Management Services (NAPIMS) granted permission to MPNU to provide the material for 

study. 

2.1.1 Description of the study area 

The study area is located within the MPNU acreage, which is situated in the southeastern 

offshore Niger Delta (Figure 2.1). MPNU acreage covers the Oso, Edop, Zafiro, and other oil 

fields in the southeastern offshore Niger Delta. This region extends into the Rio Del Rey Basin in 

Cameroon, and is bounded on the east by the Cameroon-Annobon Volcanic axis, which is a 

fraction of the Fernando Po-Ascension Fracture Zone that extends into the Atlantic Ocean. It 

extends to the proximal edge of the continental slope and takes up about 15,540.00 Km² that is 

roughly one-tenth of the entire Niger Delta Basin. The region is believed to present a little 

different petroleum geology from the rest of the onshore and southwestern offshore flanks of the 

basin (Akinosho, 1997). Nonetheless, it is positioned in a multifaceted structural environment 
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ensuing from deep-seated shale deformation and associated faulting. These include shale ridges, 

toe thrusts and diapirism. So far, it produces 550,000 b/d of oil, which is more than one quarter 

of Nigeria's 1.85 million b/d oil OPEC quota (Akinosho, 1997). 

  
2.2 Methods 

2.2.1 Sample handling and storage 

Each of the ditch-cuttings samples was caught by the mud logging Consultant Company after 

recovery from the drilling of the borehole. The ditch-cuttings samples are washed off the drilling 

mud, enclosed in already labeled cellophane bags and then packed into plastic boxes. Thereafter, 

the samples were moved to MPNU head office laboratory, Victoria Island, Lagos, Nigeria, where 

they were spread out in racks and later stored in an air-conditioned room at 30° C ready for high 

resolution biostratigraphic studies. In the course of this research sampling was carried out in two 

categories. 

 

Figure 2. 1 Location of the study area within the MPNU acreage in the southeastern                

                   offshore Niger Delta (modified after Wolak, 2011). 
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2.2.2 Primary sampling 

This referes to the ditch-cuttings samples collected from random sampling carried out by  

MPNU and was based on the preliminary results generated from the various geological and  

geophysical surveys carried out to locate the appropriate position of each well that generated the  

samples for this research work. Their precise location is confidential and thus are not be published  

here. 

2.2.3 Secondary sampling 

This was carried out by compositing the samples at 90 ft (27.43 m) intervals (Oboh- Ikuenobe et 

al., 1992; Morley and Richards., 1993; Durugbo et al., 2010) and thus, totals of 50, 40 and 86 

composited samples for wells A, B and C, respectively were used for this study. Some samples 

were lost during sample administration of the three wells.  

2.2.4 Preparation of ditch-cuttings samples for palynology 

Ditch-cuttings samples are, usually, discrete sediments and hence crushing was not needed. 

However, sample preparation for this study followed standard procedures proposed by Faegri and 

Iversen (1989) and was carried out in five stages as shown bellow (Figure 2.2).  These include acid 

digestion, oxidation, heavy mineral separation, acetolysis and mounting, which were carried out at 

the Evolution Studies Institute (ESI) palynology preparatory laboratory, University of the 

Witwatersrand, South Africa. 

All equipment used in the preparation process (beakers, measuring spoons, stirring-rods, test-tubes 

and centrifuge tubes) were thoroughly scrubbed with boiling water and liquid soap before and after 

each use, and left to stand in 40% nitric acid for approximately 1 hour. Equipment was given a 

final rinse with distilled water and when not in use was stored in a dust-proof cupboard. These 

precautions were taken to prevent contamination. All chemical processes were carried out in the 

fume chamber in the positive pressure palynology lab. The fumes were neutralized and cleared in 

the standard scrubber apparatus.�

Acid Treatment 

An average weight of 25 g of each composited sample was used and this was proved sufficient. 

(Using larger amounts of ditch cutting sample required increasing preparation time for the sample 

to be concentrated). Different finely divided mineral components of each of composite sample 
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were broken and removed by hydrochloric acid (HCl) and Hydrofluoric acid (HF) according to the 

methods suggested by Gray (1965) and the US Geological Survey (Doher, 1980).  The first step 

involved addition of 10 % of HCl to each composited sample in 250 ml beakers which were left to 

react with acid for ten minutes (Figure 2.2). The degree of effervescence was noted and then the 

samples were washed and centrifuged.  

 

 

 

Figure 2. 2 Schematic diagram showing different stages for preparing ditch cutting sample    
                   for palynomorphs.  

This step removed carbonates present and thus prevented the precipitation of calcium  

fluoride during HF acid treatment. Between each treatment, residues were transferred to 45 ml  

centrifuge tubes, distilled water added and centrifuged at 3000 r.p.m. for 5 minutes. The  
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supernatant (containing dissolved minerals) was poured off, with the residues (containing  

palynomorphs) remaining. Fresh distilled water was added to wash the sample two to  

three times with the sample stirred up with a whirly mixer, and centrifuged repeatedly until the  

pH was neutral (i.e. pH of 7).  

Forty percent HF was added to the sample. A lead apron and face shield were used for this step  

due to the violent reaction of HF. No glassware was allowed to touch the acid as it dissolves  

silicates. Approximately half the samples reacted aggressively, boiling and smoking, indicating a  

large amount of silica in the sediments. Samples were left for 24 hours in HF to ensure a  

complete digestion of silica. After centrifugation and washing, 10 % of HCl was added  

to dissolve fluoride complexes generated during HF treatment. This was left for 10 minutes and  

washed. However, sediments that have a high quantity of organic matter such as coals, lignites,  

peats, and carbonaceous mudstones require oxidation before heavy mineral separation.  

Oxidation 

This treatment releases locked-up pollen grains in the matrix and permits it to float into the  

supernatant because of its low density. Only a few samples required this step. 

Residues were boiled in 10% potassium hydroxide solution (KOH) for just 15 minutes to prevent  

the outer walls of the pollen grains from swelling and rupturing. Organic matter was released 

into the supernatant giving it a dark brown to black coloration which could be poured off and 

pellets washed. 

Heavy minerals separation 
Heavier minerals such as fluorite (S.G. of 3.2), quartz (S.G. 2.6) and calcite (S.G. 2.7) were  

separated from organic matter such as pollen grains with saturated zinc chloride solution (ZnCl2 

with S.G. of 2.0)  (Funkhouser and Evitt, 1959). The ZnCl2 solution was prepared by adding 

ZnCl2 pellets to dilute (10%) HCl until the solution reached a specific gravity of roughly 2.0. The 

resulting solution was added to each centrifuge tube containing the washed ZnCl2 pellet, whirly-

mixed, and centrifuged at 3000 r.p.m for 30 minutes. After mineral separation two or more 

distinct layers were observable in each tube, with the sediment at the bottom. The uppermost 

layer contained the lightweight palynomorphs. Hence this layer was extracted and placed in a 15 

ml centrifuge tube for acetolysis. �
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Acetolysis  

Acetolysis is the final clean up of residue which removed the residual amorphous organic 

matters. Residues were immersed in glacial acetic acid and then treated with a fresh mixture of 

acetic anhydride and sulphuric acid with a ratio of 9 to 1. Residues were washed and centrifuge.      

2.3 Microscopy and identification 

 A small amount (about 0.5 cm³) of clean residue was used for slide mounting. The remainder  

was preserved with phenol and placed in small glass vials that were labeled with the sample  

number and stored in ESI’s palynology microscope laboratory. The residues were prepared for  

study as strewn mounts using glycerin jelly. Glycerin jelly is recommended as good mounting  

medium for palynomorph slides and is preferable to silicon oil (Moore et al., 1991;  

Traverse, 2007). Slides prepared by glycerin jelly have a short lifespan of between 15-20 years  

because grains gradually bulge within the mounting medium as the sporopollenin oxidises  

(Traverse, 2007). Residues were pipetted onto 25 x 76 mm glass slides (thickness of 1 mm) with  

a small amount of glycerin jelly, sealed with 22 x 50 mm glass cover-slips and afterward dried  

on a warming plate. Slides were sealed with clear nail polish. 

2.3.1 Microscope analysis 
Prepared palynomorph slides were viewed under Zeiss Axiophot 2 transmitted light microscope. 

Generally, 250 pollen grains and spores are counted on each slide. If a slide did not quite yield 

250 grains, another slide from the same sample was made and counted until the total reached 

250. X and Y coordinates of the microscope for the specimens were recorded in the laboratory 

notebook (an England Finder™ graticle was not available for this purpse). Counts were 

presented as a Tilia™ pollen diagram as shown in Chapter Three. Raw data is included in the 

Appendix B. Photographs were taken under 1000x magnification (oil immersion) to show fine 

detail. A Color-View Soft Imaging System, AxioCam ICc 1 camera, and Analysis™ software 

were used for digital photography.  �

2.3.2 Species identification and description 

The identification, description and classification of palynomorphs were based on morphological 

features such as apertures (pori, colpi and sacca), sculpturing patterns (ornamentation) and 

shapes.  
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(a)       

���   ��

(c)   

Figure 2. 3 General morphological types of pollen and spores, with shell code designations                  

(modified after Traverse, 2007).  
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Figure 2. 4 Schematic diagram showing sculpture types as observed at low and high focus   
                    levels (adapted from Traverse, 2007) 

 

Figure 2. 5 Schematic diagram showing range of aperture number, position and character             
                    (adapted from Moore et. al. 1991). 
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2.4 Biozonation  
The zonation schemes of Evamy et al. (1978) (Figure 2.6) was used jointly with the floral 

zonation scheme of Morley and Richard (1993) (Figure 2.7) to erect a zonation scheme for this 

study because they are the most commonly accepted schemes for this region. Prior to 

biozonation, counted maker species (age diagnostic species) were plotted on Tilia diagram to 

determine their First Appearance/Occurrence Datum (FAD/FOD) and Last  

Appearance/Occurrence Datum (LAD/LOD). These were later employed for biozonation 

creation.   

2.4.1 Criteria used for zonation (standard methods discussed by Boom, 1977) 

�  Top occurrence: Highest stratigraphic level at which a species is found 

�  Top regular occurrence: Highest stratigraphic level of a regular occurrence of species 

�  Quantitative top occurrence: Stratigraphic level at which a species shows a clear    

             quantitative top 

�  Quantitative Base: Stratigraphic level at which a species shows a clear quantitative base 

�  Base occurrence: Lowest stratigraphic level at which a species occurs 

�  Base continuous occurrence: Lowest stratigraphic level of a continuous occurrence of a    

             species. 

 2.5 Ecological grouping 

 The identification of the ecological groups (Appendix A6) was based on studies by Germeraad 

et al. (1968); Salard-Cheboldaeff (1981); Sowunmi (1981); Frederiksen, (1985); Rao (2001); 

Rull (2003) and Eisawi and Schrank (2008) and Durugbo (2010). This was used to determine the 

paleoclimate and paleoecology of the study area.   

2.6 Lithofacies analysis 

This analysis was carried out provide the detailed lithological description of the strata penetrated  

by the three wells used for this study. The processing of the ditch cutting samples was carried  

out in the engineering geological lab of the Department of Geology, Obáfémi Awólówò  

University, Ile-Ife, Nigeria. An average of 80 g of each of these ditch cutting samples was  

soaked in 250 ml aluminium containers with hot water and sunlight liquid detergent for about 24  

hours. 
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Figure 2. 6 Schematic diagram showing zonation schemes of Niger Delta (modified after 
                           Evamy et al., 1978). 
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Figure 2. 7 Schematic diagram showing Offshore Niger Delta floral zonation scheme   
                  (Modified after Morley and Richard, 1993).  
 

The soaked samples were efficiently washed under a distilled water nozzle tap using a 63� m  

mesh sieve. The retained samples on 63� m sieve were dried over hot plates and enclosed in well  

labeled drug dispensing cellophane bags. 
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The lithologic description followed a standard laboratory procedure whereby the washed samples,  

which were spread in a black anodized aluminum foraminiferal picking tray, were viewed under  

the binocular light microscope. Gamma ray and resistivity logs enhanced descriptions since high  

and low values of GR-log and RES-log signify shale and sand lithologies, respectively (Adegoke,  

2002). The essential parameters studied were textural parameters such as grain size, roundness,  

sorting, and other features such as facies type and colour. The effect of ferruginization, presence  

of accessory minerals and fossil contents in terms of plant remains and shell fragments were also  

recorded. The result of this analysis is presented as charts and tables in Chapter Four and  

Appendices B1-B3,  respectively. 

2.6.1 Lithofacies and sequence stratigraphy  

This entailed visual examination of the facies variation across a vertical profile of the studied  

wells for the identification of different depositional sequences. However, based on facies  

differences, three types of depositional sequences were suggested by Gore (2005). These are  

discussed below. 

�  Deepening-upward sequence 

   This sequence is also known as onlap or transgressing or retrograding sequence 
·  This sequence was distinguished by finer grained facies (deep-water sediments e.g. shale,   

  silt) overlying coarser facies (shallow water sediments e.g. sand, gravel) (Figure 2.8).  

·  Commonly occur when sea is advancing or transgressing upon a low, relatively flat  
  continental  landmass. 

��

 

Figure 2. 8 Schematic diagram showing deepening upward sequence when the sea    
                   proceeds landward (modified after Gore, 2005). 

�  Shallowing upward sequence 
This sequence is also known as offlap, regressing, or prograding sequence. 
·  It was differentiated by coarser grain facies (shallow water sediments e.g. sand and gravel) 
   overlying finer facies (deep water sediments e.g. shale and silt) 
·  Produced when the sea withdraws from the land, as well as when the land mass is uplifted or 

the seabed subsides (Figure 2.9).  

�  Stand still sequence 
·  This sequence was characterized by a thick uniformly coarse grained facies (e.g. sandstone) 

(Figure 2.10). 
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·  This occurs when sea level stand still and facies show no overall shallowing-up.   
�

�

 

Figure 2. 9 Schematic diagram showing shallowing sequence when the sea recedes  
                  basinward (modified after Gore, 2005)  
�

 

Figure 2. 10 Schematic diagram showing three types of lithofacies (modified after Gore,  
                     2005) 

2.7 Well log and sequence stratigraphy analysis 

2.7.1 Gamma Ray logs (GR-logs)  
Although suites of wire-line log comprising Gamma ray(GR), other logs Resistivity (Res),  

Density (Dens) and sonic were acquired for this study, only GR-logs were utilized for   

understanding of sequence stratigraphic analysis. Natural radioactivity of rocks, which can  

be determined by GR-log, shows generally a close relationship to grain size. The naturally  

radioactive elements are normally concentrated in shales (clay-size grains). Clay was used  

in a textural sense i.e. grain size less than 4 � m, which can also be used to describe  

lithologies, following the format of Rider (1990). Therefore, GR-log allows qualitative  

distinction of zones of shale lithology (high gamma values) from sand lithology (low gamma  
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values) (Figure 2.11). The values of these GR-logs in this study ranged from 0-150 API  

(American Petroleum Institute) units. The principle of GR-log shapes is commonly used for  

interpreting sedimentary cycles or depositional facies. The five shapes recommended by  

Rider (1990) were helpful in recognizing different depositional successions, environments,  

systems tracts and key bounding surfaces in this study, which are fundamental elements  

required for the sequence stratigraphic analysis.  

 

 

 Figure 2. 11 Schematic representation of the use of GR-log in delineating sand and  
                      shale lithologies (from Rider, 1990) 
These comprise bell shape (upwards increasing in gamma values), funnel shape (upward  

decrease in gamma values), boxcar or cylindrical shape (relatively consistent gamma values),  

bow shape (systematic increase and decrease of gamma values) and irregular trend (no  

systematic change in gamma values) (Figure 2.12).  

 

 

Figure 2. 12 Schematic diagram showing Idealized GR-log Patterns (from Rider 1990). 
 



�
�
�

 

Figure 2. 13 Schematic diagram showing GR-log patterns used for systems tracts  
  identification (from Vail and Wornardt, 1990; Mit chum et al., 1993). 

2.7.2 Recognition of sequence systems tracts and key boundary surfaces on GR-logs 

The acquired GR-logs were analyzed qualitatively and this involved visual examination of  

log shapes and signatures for the identification of depositional sequence systems tracts  

(lowstand, transgressive and highstand) and key sedimentary surfaces (sequence boundary,  

maximum flooding surface and transgressive surface of erosion) (Figure 2.13).  

2.7.3 Criteria used for identifying systems tracts and key boundary surfaces 
�  Lowstand Systems Tract (LST) 

Within the LST there are three patterns whereas TST and HST are not further divided. 

It has been suggested that the LST is formed during a relative sea level fall that comprises  

basin floor fan complex (BFFC), slope fan complex (SFC) and prograding complex (PGC),  

which are identified based on criteria recommended by Mitchum et al. (1993) (Figure 2.13). 

�  BFFC was distinguished by:  

·  Blocky pattern,  

·  Abrupt lower and upper boundaries,  

·  Lies directly upon the sequence boundary (SB) with a condensed section  formed by the 

highstand and transgressive systems tract of the underlying sequence  

·  Imbedded serrated patterns at the outer edges indicating thin interbedded pelagic shales 

within the massive sand body  
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�  SFC was recognized by:   

·  Blocky log shape with more thinly bedded character, 

·  Sharp base and top, 

·  Consistently imbedded with rounded or crescent-shaped pattern with coarsening upward 

log pattern in the lower parts and fining upward pattern in the upper part (“Christmas tree 

shape”), and 

·  Its base lies on either SB or BFF. 

�  PGC was differentiated by: 

·   Coarsening upward log pattern imbedded near the top (inverted “Christmas tree” shape)  

and  

·   Upper boundary marks the transition from upward coarsening to upward fining of 

sediments  

�  Transgressive system tracts (TST) 

TST represents sedimentation during a rapid rise in sea level (Mitchum et al., 1993; Figure 

2.13), and distinguished by the following:   

·  Capped by maximum flooding surface (mfs),  

·  Fining upward GR-log pattern and thinner bedded upward, 

·  Capped MFS marked maximum gamma value and 

·  Reclined on SB 

�  Highstand systems tract (HST) 

HST, which forms during the last part of the relative sea level rise together with the declining 

rate of rise in the sea level (Mitchum et al., 1993; Figures 2.13), is delineated by: 

·  Coarsening-upward pattern and thicker bedded upward, 

·  Upper boundary is overlain by SB, 

·  Underlain by the MFS, 

·  Capped SB marked lower gamma value 

Therefore, the outcome of this analysis was presented in form of tables in Chapter Five and    

Appendices C1-C2. 

2.7.4 GR-log shapes and depositional environments 

Using GR-log for depositional environmental study dependent upon a strong correlation 

between depositional environment and the energy needed to produce certain characteristics 

that could be seen on GR-logs over the rock sequence (Rider 1990). In reality, the shaliness 
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often does not change suddenly, but occurs gradually with depth. Such gradual changes are 

indicative of the lithofacies and the depositional environment of the rock. These are 

associated with changes in grain size and sorting that are controlled by facies and 

depositional environment as well as being associated with the shaliness of the rock (Rider 

1990). However, various depositional environments of sediments inferred from GR-log 

shapes and motifs. The four basic GR-log shapes employed in this study are described below.  

�  Straight line GR-log curve signifying constant shale, evaporite, clean sand, or carbonate, 
caused by continuous deep water deposition, 

�  Bell shaped implying a fining upward sequence, i.e. lower energy at the end of a 
sequence, 

�  Funnel shaped representing a coarsening upward sequence, i.e. higher energy at the end 
of a cycle and 

�  Boxcar or Cylindrical shaped suggesting constant energy throughout the succession. 

The last three are the common patterns used in an environmental study. In addition, the 

observed GR-log shapes were integrated with the recorded accessory minerals (lithological 

data) to infer the depositional environments in this study. The works of Selley (1985; 1998; 

Figure 2.14) on the palaeoenvironment identification methods were adopted for this purpose 

and hence, the results and interpretation of this analysis were presented in chapter Four. 

 

 

Figure 2. 14 Schematic diagram showing four characteristic gamma ray log motifs of                       
                     vertical clastic sediment profiles integrated with accessory minerals  
                     data to infer depositional environments. (from Selley, 1985) 
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CHAPTER THREE 

RESULTS I 

3.0 Introduction 

The palynomorphs from wells A, B and C have been identified, counted and analyzed. The  

full pollen diagrams are presented in this chapter and analyzed in three ways:  

·  Palynology 

·  Paleoclimate, paleoecology and paleoenvironment and  

·  Biozonation using the frameworks of Evamy et al (1978) and Morley and Richards   

(1993) Lithofacies analysis is presented in Chapter Four and the sequence stratigraphy based 

on the palynofloral, sediments and GR-log signatures is given in Chapter Five. 

3.1 Palynology 

Introduction  

The palynological results of the current study are presented herein. The types of  

        palynomorphs recovered were pollen, spores, algae, dinoflagellate cysts,�micro-foraminiferal 

wall linings, silicoflagellates, diatom frustules, scolecodonts and fungal elements. The 

recovery and concentrations of palynomorphs varied from low to moderate, ranging from 2 to 

501 (average 251), 28 to 486 (average 257) and 175 to 674 (average 425) grains/gm in wells 

A, B and C respectively. The palynomorph assemblages in the wells were dominated by 

pollen, which constituted 82-85 %. Spores made up 9 %, whereas fungi and algae comprised 

4 % and 1 % respectively. The palynomorphs that were of marine origin (dinocysts, 

silicoflagellates, micro-foraminiferal wall linings, scolecodonts and diatom frustules) made 

up 0.1-0.3 % fraction of the recovered palynomorphs. It is important to note that few 

silicoflagellates and diatoms apparently survived the HF probably due to incomplete 

digestion of the sediments. It is  assumed that these forms are actually much more common in 

the sediments. Collectively, the identified palynomorphs comprised 87 genera, represented by 

95 species (Appendix A1). The distribution of these palynomorphs is highlighted in the 

Tilia™ pollen diagrams and Appendices A3-A5. �

Angiosperm pollen dominated the palynomorph assemblages in all three wells. They  

constituted 79 %, 82 % and 85 % in wells A, B and C, respectively. They are ordered  

according to the table in Appendix A6 (i.e. ecological groups) and represented herein  by  

Zonocostites ramonae, Z. duquei, Monoporites annulatus, Cyperaceaepollis spp.,  

Nymphaeapollis clarus, Retibrevitricolporites obodoensis, Retitricolporites irregularis,  

Pachydermites diederixi, Psilatricolporites crassus, Psilastephanocolporites spp.,  

Canthiumidites spp., Elaeis guineensis, Fenestrites spinosus, Proteacidites cooksoni,  
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Peregrinipollis nigericus, Retistephanocolpites gracilis, Psilamonocolpites spp.,  

Chenopodipollis sp., Echitricolporites spinosus, Gemmamonoporites sp., Striatopollis  

(Striatricolpites) catatumbus, Arecipites spp., Proteacidites spp., Psilatricolpites operculatus,   

Echiperiporites estalae, P. calabrensis,  R. guianensis, Ctenolophonidites costatus, 

 Brevicolporites guinetii, Spirosyncolpites bruni, Racemocolpites hians, Retimonocolpites sp., 

Proxapertites cursus, Echistephanoporites echinatus,Tubifloridites antipodica, Multiareolites 

formosus, Retitriporites spp., Retitricolporites spp., Perfotricolpites digitatus,  

Psilatricolporites spp., Psilatricolpites spp., Praedapollis spp., Olax spp., 

Psilastephanoporites minor, Anthocleista sp., Margocolporites sp., Echitriporites 

 tranguliformis, Retitricolpites williamsi, Anacolosidites cf. luteoides and Retibrevitricolpites 

triangulatus. A detailed list of the recovered angiosperm pollen is included in the pollen 

distribution tables (Appendices A3-A5). There were rare occurrences of gymnosperms which 

made up 0.04-0.9 % of the palynomorph fraction in well C and absent in wells A and B. They 

comprised Podocarpus milanjianus.  

Additionally the trilete fern spores Acrostichum aureum, Stereisporites sp., Lycopodium 

neogenicus, Lycopodium spp., Echitriletes pliocenicus, Crassoretitriletes vanraadshooveni,  

Polypodiaceoisporites spp., Rugulatisporites sp., Selaginella myosorus, Cyathidites minor,  

Cicatricosisporites dorogensis, Patinasporites toralis, Granulatisporitess sp., 

 Magnastriatites howardi, and Marathiaceae.  constituted approximately 1.0-4.0 % of the  

palynomorph fraction in the studied wells.  

Laevigatosporites spp. and Verrucatosporites spp. represented  monolete fern  

spores and constituted 5 %, 9 % and 6 %  of the palynomorph fraction in well A, B and C,  

respectively. Algae, especially Botryococcus braunii, Pediastrum spp. and Concentricytes  

circulus, occurred sparsely in the studied wells and accounted for 1-2 % of the recovered  

palynomorphs. In addition, marine forms were rare and represented by dinoflagellate cysts,  

which comprised Protoperidinium sp., Operculodinium centrocarpum, O. israelianum,  

Spiniferites pseudofurcatus, Impagidinium sp., Lejeunecysta sp., Polysphaeridium zoharyi,  

Brigantedinium sp., Lingulodinium machaerophorum, Hystrchokolpona rigaudiae and  

Nematosphaeropsis labyrinthea. The diatoms frustules Coscinodiscophyceae,  

silicoflagellates Distephanus boliviensis and Naviculopsis robusta, foraminiferal wall linings 

and scolecodonts were also rarely represented. Lastly, fungal spores commonly occurred in  

the studied sediments and comprised 4-5 % of the palynomorphs fraction in the studied wells.    
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The detailed micro-floral abundances and the distribution trends of the different  

palynomorphs in the studied wells are presented below.  

3.1.1 Microfloral Abundance and Distribution 

The percentage abundance and the microfloral distribution trends of three wells are illustrated  

in the foldout page Tilia™ pollen diagram (Figures 3.1-3.3). The Y-axis of the pollen  

diagram indicates depths horizon and X-axis represents the percentage abundance of each  

species. The barren samples and palynomorphs whose percentage abundance were less than 1 

% were not included in the pollen diagram as they constituted “noise” which made trends  

difficult to recognize (Grimm, 1987; Locatelli, 2011).  The recovered palynomorphs are  

grouped into eleven groups or ecotypes that comprise mangrove, beach, brackish-water  

swamp, freshwater swamp, lowland rainforest, palmae, montane, savanna, algae, fungi and  

marine. The prevalence of any of these groups at different intervals helped in clustering of  

palynomorphs into palynofloral zones that is based on the current usual distribution of their  

modern analogues (Ige, 2009).  

3.1.2 Micrfloral abundance and distribution trends of wells A and B  

Palynomorph assemblages in wells A and B were clustered into five palynofloral zones  

(Figures 3.4 and 3.5).  

�  Palynofloral zone-I 

This zone occurrs at intervals 9920-8300 ft. and 8340-8125 ft. of well A and B  

respectively, that was the basal part of these wells. The top of this zone is marked by  

increased occurrence of Monoporites annulatus, Verrucatosporites spp. and Psilatricolporites  

crassus, while the base is defined by increased occurrence of Zonocostites ramonae.    

The dominance of Monoporites annulatus with common occurrences of Zonocostites  

ramonae, Verrucatosporites spp., Psilatricolporites crassus, Polypodiaceoisporites sp. and  

Botryococcus braunii, and with few occurrences of Striatopollis  (Striatricolpites)  

catatumbus, Cyperaceaepollis spp. and fungal spores were recorded in both wells in this  

zone. In addition, Psilastephanocolporites spp. occurrences low in well B, whereas they  

commonly occur in  well A within this zone. Low records of Z. duquei, and Brevicolporites  

guinetii present in well A, while these species are absent in well B. There are low records of  

Crotontricolpites densus in well B, and this species absent in this zone in well A. 
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 Figure 3. 1 Tilia™ pollen diagram showing the palynomorph distribution in well A 
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�  Palynofloral zone-II  

The palynofloral zone-II located at intervals 8300-7150 ft. and 8125-7230 ft. of well A and B 

in that order. Moderate to abundant records of Zonocostites ramonae and Verrucatosporites 

spp.  characterized this zone with low numbers of Psilastephanocolporites spp., 

 Psilatricolporites crassus, Striatopollis (Striatricolpites) catatumbus, Botryococcus braunii, 

Pediastrum spp. and fungal spores   in both wells. Common occurrence of Z. duquei, 

Acrostichum aureum, Laevigatosporites spp., Polypodiaceoisporites spp., and Monoporites 

annulatus were recorded in well A, while Z. duquei, Acrostichum aureum, Laevigatosporites 

spp., and Polypodiaceoisporites spp. were absent in well B. On the other hand, low 

occurrences of Crotontricolpites densus, Stereisporites sp. and Arecipites sp. were recorded 

in well B, but are absent in well A within this zone. 

�  Palynofloral zone-III  

This zone occurred at depth intervals 7150-4950 ft. in well A and 7230-6500 ft. in well B, is 

characterized by abundant records of Zonocostites ramonae together with low occurrences of 

Verrucatosporites spp. and fungal spores with rare  occurrences of dinoflagellate cysts were 

recorded throughout this interval of both wells. Retimonocolpites spp.,  

Psilastephanocolporites spp., Monoporites annulatus and Z. duquei commonly occurred in 

well A. On the contrary, there are low numbers of Psilatricolporites crassus, 

Laevigatosporites spp., Crotontricolpites densus, Psilastephanocolporites spp., Monoporites 

annulatus,  Cyperaceaepollis spp., Chenopodiapollis spp. and freshwater algae Botryococcus 

braunii.  

�  Palynofloral zone-IV 

Palynofloral zone-IV, which is located at depth intervals 4950-3300 ft. in well A and 6500-

5000 ft. in well B, comprised predominant occurrences of Zonocostites ramonae and with 

few  occurrences of Acrostichum aureum and rare marine forms in both wells. In addition, 

common occurrence of Psilastephanocolporites spp. with low numbers of Psilatricolporites 

crassus, Retibrevitricolporites obodoensis and fungal spores characterized well A within this 

zone. On the other hand, the common presence of Arecipites sp., Psilatricolporites crassus, 

Verrucatosporites spp., Crotontricolpites densus, Psilamonocolpites spp., Cyperaceaepollis 

sp. Monoporites annulatus,  and fungal spores typified well B within this zone. The recovery 

of Z. duquei, Pachydermites diederixi, Striatopollis (Striatricolpites) catatumbus,  

Psilastephanocolporites spp., Polypodiaceoisporites spp., Chenopodiapollis  sp. and  

Botryococcus braunii were low in well B in this zone.  
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�  Palynofloral zone-V 

This palynofloral zone, which was the uppermost part of wells A and B at depth intervals 

3300-2350 ft and 5000-4830 ft. in that order, revealed abundant records of Zonocostites 

ramonae in association with low to common occurrences of Z. duquei, Psilatricolporites 

crassus, fungal  spores,  Psilastephanocolporites spp. and Monoporites annulatus with rare 

marine taxa  and silicoflagellates. Common occurrences of Retibrevitricolporites obodoensis, 

Laevigatosporites spp., Verrucatosporites spp, Crotontricolpites densus and 

Psilamonocolpites spp. characterized well B in this zone.  

3.1.3 Microfloral abundance and distribution trends of well C  
Palynomorph assemblages in well C were clustered into six palynofloral zones (Figure 3.6). 

The palynofloral zones are herein named VI to XI in order to differentiate them from the 

floral zones in wells A and B.  

�  Palynofloral zone-VI 

Palynofloral zone-VI that occurred at interval 8950-7200 ft. was the basal part of the studied 

section of the well C. The microfloral assemblage was characterized by abundant recovery of 

Monoporites annulatus associated with moderate records of Zonocostites ramonae, 

Verrucatosporites spp., Laevigatosporites spp., Stereisporites sp., Podocarpus milanjianus 

and fungal spores. Within this interval there were spot occurrences of marine indicators such 

as Protoperidinium spp., Operculodinium centrocarpum, Spiniferites pseudofurcatus, 

Impagidinium sp., Polysphaeridium zoharyi, Brigantedinium sp., Lingulodinium 

macherophorum, Hystrichokolpona rigaudiae, and Nematosphaeropsis labyrinthea. 

�  Palynofloral zone-VII 

  This zone is located at depth interval 7200-5900 ft. of the analyzed interval of well C. The 

relative abundance of Zonocostites ramonae increased with decreased abundance of 

Monoporites annulatus within this zone. Other palynomorph taxa were Verrucatosporites 

spp., Psilastephanocolporites spp., Acrostichum aureum, Crotontricolpites densus, 

Stereisporites sp., Echitricolporites spinosus, Podocarpus milanjianus and fungal spores with 

a spot record of Operculodinium centrocarpum.  
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       Figure 3. 2 Tilia™ pollen diagram showing the palynomorph distribution in well B 
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�    Palynofloral zone-VIII 

This zone that occurred at interval 5900-4570 ft. was characterized by moderate recovery of 

Zonocostites ramonae at the lower part with increase in abundance from the middle to the 

upper parts of the zone. Conversely, there were abundant records of Monoporites annulatus at 

the basal and upper parts of this zone with low to moderate recoveries at the middle. These co-

occurred with common records of Psilatricolporites crassus, Acrostichum aureum, 

Verrucatosporites spp., Laevigatosporites spp., Stereisporites sp., Polypodiaceoisporites spp., 

Psilamonocolpites spp., Echitricolporites spinosus, the freshwater algae Botryococcus braunii 

and fungal spores with Spot record of Operculodinium centrocarpum, Polysphaeridium 

zoharyi, Lejeunecysta sp,  and diatom frustules. 

�  Palynofloral zone-IX  

Palynofloral zone-IX that was recorded at interval 4570-4030 ft. was a thin interval 

characterized by moderate recovery of Monoporites annulatus together with low records of 

Zonocostites ramonae, Psilatricolporites crassus, Acrostichum aureum, Verrucatosporites spp., 

 Laevigatosporites spp., Stereisporites sp., Polypodiaceoisporites spp., Psilamonocolpites spp., 

freshwater algae Botryococcus braunii and fungal spores with spot occurrences of  

Nematosphaeropsis labyrinthea.  

�  Palynofloral Zone-X   

This moderately thick zone that occurred at depth interval 4030-2700 ft. was characterized by an 

increase in the abundance of Zonocostites ramonae and a decrease in the occurrences of 

Monoporites annulatus. There were low records of Psilatricolporites crassus, Acrostichum 

aureum, Verrucatosporites spp., Laevigatosporites spp., Stereisporites sp., Psilamonocolpites 

sp., Cyperaceaepollis sp., freshwater algae Botryococcus braunii and fungal spores. 

Furthermore, within this interval a spot occurrence of Brigantedinium sp. was positioned in the 

middle part of this zone.  

�  Palynofloral Zone-XI   

This zone at depth interval 2700-1300 ft. was the youngest stratigraphical zone recorded in well 

C. It was characterized by abundant recoveries of Zonocostites ramonae and moderate 

Monoporites annulatus in association with Psilatricolporites crassus, Acrostichum aureum, 

Verrucatosporites spp., Laevigatosporites spp., Stereisporites sp., Canthiumidites sp.,  
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Figure 3. 3 Tilia™ pollen diagram showing the palynomorph distribution in well C 
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Polypodiaceoisporites spp., Psilamonocolpites spp., Cyperaceaepollis sp., freshwater algae 

Botryococcus braunii with low records of fungal spores and rare Spiniferites pseudofurcatus, 

Impagidinium sp., Operculodinium israelinum and scolecodonts spp.     

3.2 Ecological Group assessment for wells A, B and C  

Introduction 

The palynomorphs recovered from the wells have botanical affinities with 50 extant families, 

and based on these, they are grouped into eight ecological groups viz mangrove, beach, 

brackishwater swamp, freshwater swamp, lowland rainforest, palmae, montane and savanna 

(Appendix D). The works of Germeraad et al. (1968); Salard- cheboldaeff (1981); Sowunmi 

(1981); Frederiksen (1985); Rao (2001); Rull (2003), Eisawi and Schrank (2008) and 

Durugbo (2010) were used for these groups which were based on the assumption that nearly 

all the botanical families that existed during Paleogene time can be linked to their present 

living relatives (Muller, 1981). Nearly 95 %-100 % of the modern botanical families existed 

in Late Miocene and Pliocene as reported in Muller (1981) and Sowunmi (1981).  

Many workers (Wrenn and Kokinos, 1986; Oboh- Ikuenobe, 1990, 1991, 1992; Mahmoud, 

2003; Ogala et al., 2009; Chiaghanam et al., 2013; etc.) have used palynomorph assemblages 

to determine the environment of sediment deposition. Therefore, these works were used for 

the reconstruction of depositional environments of the sediment in the studied wells which 

was based mainly on the recovered palynomorphs.  The percentage plots of the different 

ecological groups per depth are depicted in Figures 3.4-3.6 below.  

3.2.1 Palaeoecological, palaeoclimatic and palaeoenvironmental deductions from  

  wells A, B and C 

A critical assessment of the wells A and B revealed that the microfloral assemblage in Zone-I 

(9920-8300 ft.) that occurred within Late Miocene (see section 3.3.1), was dominated by 

savanna vegetation, in association with common freshwater swamp and low mangrove, 

brackishwater swamp and lowland rainforest vegetation thus suggesting a dry climate during 

this time interval. The absence of montane pollen in this zone indicates that sediments were 

transported by river. The presence of land-derived palynomorphs and absence of marine 

elements in this zone suggests near shore environments (Frederiksen, 1985; Oyede, 1992).  

In addition, Zone-II and Zone-III in wells A and B, which occurred within the Early-Middle 

Pliocene (see section 3.3.1), were characterized by contrasting variations between percentage 

occurrences of mangrove and savanna vegetation. These portrayed unstable climatic 
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conditions in these zones (Ige, 2009) characterized by alternation of wet and dry climates. For 

instance, at depth 8000 feet of well A mangrove pollen recorded was 65 %, while savanna 

was 15 %, and at 7300 feet and 5500 feet the percentage of savanna vegetation were 40 % 

and 30 % respectively, while 15 % of mangrove vegetation were recovered at these depths 

accordingly. Moreover, mangrove vegetation recorded 65 %, and 5 % savanna was recorded 

at depth 8000 feet of well B in zone-II; however, around depth 7230 of Zone-III greater than 

80 % mangrove was recorded, as against about 5 % occurrence of savanna vegetation. A 

noticeable rise and fall in the percentage occurrences of brackish swamp, freshwater swamp, 

lowland rainforest, algae and fungal spores were recorded in both wells within these zones.  

 

Figure 3. 4 Tilia™ pollen diagram showing palynofloral zones and percentage ecological  

                   groups for well A  

There were few to spot occurrences of beach ecological groups, such as palms and 

microfloral wall linings with montane elements being absent in Zone-II. The presence of spot 

of marine elements denotes deposition of sediment in a shallow marine environment 

(Durugbo, 2010).   

On the other hand, Zone-III constituted rare dinoflagellates Polysphaeridium zoharyi with the 

freshwater algae Botryococcus braunii, Pediastrum spp. and Concentricytes circulus that 

suggest a shallow marine (inner-outer neritic) environment (Wrenn and Kokinos, 1986) with 
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little freshwater incursion. The absence of montane groups in these zones suggests that the 

sediment was transported by river.  

Finally, Zone-IV and Zone-V located within the Late Pliocene (see section 3.3.1) parts of 

wells A and B were characterized by the dominance of mangrove vegetation in association 

with low savanna and common brackishwater swamp, freshwater swamp, lowland rainforest, 

freshwater algae Botryococcus braunii and pediastrum spp., and fungal spores. Therefore, the 

abundant occurrence of mangrove represented by Zonocostites ramonae and low occurrence 

of savanna represented by Monoporites annulatus indicates a warm and wet climate in these 

zones. However, these zones included silicoflagellates Distephanus boliviensis, Naviculopsis 

robusta and diatoms Coscinodiscophyceae, which indicates that the sediment was deposited 

in a deep-water setting (due to the presence of silicoflagellates) with frequent freshwater 

incursions within these intervals. The absence of montane pollen in these zones suggests 

rivers as means of transportation of the sediments in these zones. 

A critical appraisal of well C revealed that the microfloral assemblage in Zone-VI that 

occurred within Early Pliocene (see section 3.3.6) was dominated by savanna vegetation 

represented by Monoporites annulatus, Cyperaceaepollis sp, Chenopodiaceae sp,  

Echitricolporites spinosus, Fenestrites spinosus, Peregrinipollis nigericus,  

Retistephanocolpites gracilis, etc., with low mangrove numbers (Zonocostites ramonae and 

Z. duquei) suggesting a dry climate in this zone. The low occurrences of lowland rainforest, 

brackishwater swamp, freshwater swamp, montane, palmae and fungal spores with rare 

presence of beach were recorded in this zone. Besides, the presence of dinoflagellate cysts 

Nematosphaeropsis labyrinthea and Impagidinium sp. together with few to rare occurrences 

of freshwater algae Botryococcus braunii, Pediastrum spp. and Concentricytes circulus 

suggests deep marine setting (deep neritic to oceanic) (Wrenn and Kokinos, 1986; Edet and 

Nyong, 1993) with irregular influx of freshwater. The means of transportation of sediment in 

this zone was likely by wind and river due to the presence of montane taxa.  
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Figure 3. 5 Tilia™ pollen diagram showing palynofloral zones and percentage ecological 

                   groups for well B 

In contrast, zone-VII which occurred within the Middle Pliocene (see section 3.3.6), showed 

a prevalence of mangrove taxa and relatively reduced occurrence of savanna taxa, signifying 

wet climatic conditions at the time of deposition of these sediments. Other associated 

ecological groups recorded in this zone were low events of brackishwater swamp, freshwater 

swamp, lowland rainforest and fungal spores together with rare presence of beach, Palmae, 

montane and marine elements. The occurrence of the dinoflagellate cyst Operculodinium 

centrocarpum in this zone denotes sedimentation in a shallow marine (inner neritic) 

environment (Wrenn and Kokinos, 1986). The occurrences of montane taxa in this zone 

indicate wind and river as the agents of transportation of sediment.  

In the same trend Zone-VIII, which occurred within the Middle Pliocene (see section 3.3.6) 

of well C, was characterized by the prevalence of mangrove pollen with a reduced proportion 

of savanna vegetation that also signified wet climate. Other taxa present in this zone were 

Operculodinium centrocarpum, Polysphaeridium zoharyi, Lejeunecysta sp.,  and diatom 
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frustules together with Psilatricolporites crassus, Acrostichum aureum, Verrucatosporites 

sp., Laevigatosporites sp., Stereisporites sp., Polypodiaceoisporites sp., Psilamonocolpites 

sp., Echitricolporites spinosus, the freshwater algae Botryococcus braunii and fungal spores. 

This assemblage denotes sediment deposition in a shallow marine environment (inner-outer 

neritic) with irregular freshwater influx. The agents of transportation of sediments in this 

zone were likely by wind and river due to the presence of montane taxa.  

In contrast, Zone-IX at intervals 4570-4030 ft., occurred within the Early Pleistocene (see 

section 3.3.6) and is typified by peaks of savanna vegetation within high occurrences of 

mangrove vegetation, which illustrated pulses of dry climatic conditions between 

predominantly wet climates. Nematosphaeropsis labyrinthea, Psilatricolporites crassus, 

Verrucatosporites sp., Laevigatosporites sp., Stereisporites sp., Polypodiaceoisporites spp., 

Psilamonocolpites sp., freshwater algae Botryococcus braunii and fungal spores were also 

recorded in this zone. The microfloral assemblage within these intervals indicates sediment 

deposition in a deep marine (outer neritic to oceanic) setting due to the presence of 

Nematosphaeropsis labyrinthea (Wrenn and Kokinos, 1986) with intermittent freshwater 

incursions. However, the presence of montane taxa indicates wind and river as means of 

transportation of the sediment in this zone.   

Finally, Zone-X and Zone-XI occurred within Late Pleistocene (see section 3.3.6), revealed a 

dominance of mangrove vegetation throughout these zones in correlation with low 

occurrences of savanna vegetation that typified warm and wet climate conditions at the time 

of deposition of the sediments. Low occurrences of brackishwater swamp, freshwater swamp, 

lowland rainforest and fungal spores with rare occurrences of beach, Palmae and montane 

forms included in these zones. In addition the dinoflagellate cyst Brigantedinium sp., 

freshwater algae Botryococcus braunii and fungal spores also characterized Zone-X. The 

environment of sedimentation in Zone-X suggest a shallow marine conditions (inner neritic) 

due to the presence of 

Brigantedinium sp. (Wrenn and Kokinos, 1986) with alternating freshwater incursions. Zone-

XI comprised dinoflagellate cysts Spiniferites pseudofurcatus, Impagidinium sp., 

Operculodinium israelinum, scolecodonts and freshwater algae Botryococcus braunii. A deep 

marine (outer neritic to oceanic) environment of deposition is suggested for this interval 

based on the presence of Impagidinium sp and scolecodonts (Wrenn and Kokinos, 1986). The 
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presence of montane taxa in these zones denotes that the sediment was transported by wind 

and river.  

 

Figure 3. 6 Tilia™ pollen diagram showing palynofloral zones and percentage ecological       

                   groups for well C 

3.3 Palynostratigraphy 

Introduction  

The palynostratigraphical biozonation of the wells was based on the behavior of diagnostic 

marker species as defined by Evamy et al. (1978) and Morley and Richards (1993). Evamy et 

al. (1978) biozonation scheme subdivided Palaeogene-Neogene periods of the Niger Delta 

Basin into eight zones comprising P200-P900 Zones. The studied samples fitted into zones 

P900 and P800. Zone P800 recognized herein was further sub-divided into three subzones 

P860, P870 and P880 based on the recovered palynomorphs. Morley and Richards’ (1993) 

floral zonation scheme further subdivided the Miocene-Pleistocene epochs into 21 floral 

zones among these, floral zones M2, M1, P7, P6-P5, P4, Lower P3, Upper P3-Upper P2 and 

P1 were recognized in wells A and B, whereas P1,  Lower P0, Upper P0, Lower Q6, Upper 




��
�

Q6-Q5, Q4, Q3-Q2 and Q1 characterized well C. The previous zonation schemes were used 

here, as described above, because the recovered taxa were similar. Therefore, the ages of the 

three studied wells ranged from Late Miocene (P860) to Pleistocene (P900). The different 

zones and the associated micro-floral zones for wells A, B and C are described below. 

3.3.1 Biozonation of the wells A and B 

Fifty and forty samples from wells A and B respectively were analyzed between 2350-9920 

feet and 4830-8340 feet respectively. Ninety-five palynomorph species belonging to 85 

genera were recorded in well A, whereas 45 species belonging to 41 genera were found in 

well B. The diagnostic marker species among the recorded species allowed the delineation of 

the palynological zones for these wells. These marker palynomorphs comprised 

Gemmamonoporites sp., Retistephanocolpites gracilis, Nymphaeapollis clarus, 

Peregrinipollis nigericus, Stereisporites sp., Cyperaceaepollis sp., Retibrevitricolporites 

obodoensis, Botryococcus braunii, Sapotaceoidaepollenites spp., Pachydermites diederixi, 

Zonocostites ramonae and Monoporites annulatus. Their distributions in wells A and B are 

illustrated in Figures 3.7 and 3.8, respectively. (Descriptions, authorship and photographs of 

the palynomorphs are given in Appendices A1 and A2). 

 

Figure 3. 7 Tilia™ pollen diagram showing distribution of the diagnostic marker species  
                   in well A (According to Evamy et al.,  1978; Morley and Richards, 1993)  
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Accordingly, two zones of Evamy et al. (1978)  together with seven floral zones of Morley  

and Richard (1993) were encountered in wells A and B. Details of the different zones are  

summarized in Figures 3.7- 3.10, and discussed succinctly below. Complete pollen diagram  

for the three wells are given in section 3.1 of this Chapter (oldest to youngest, Figures 3.1- 

3.3).  

3.3.2 Palynological zones for wells A and B  

�    P800 Zone and subzone P870 (Early to Late Pliocene) 

The P870 was the youngest subzone documented in the analyzed intervals of wells A and B 

(Figures 3.7-3.8).  The tops of the subzone were tentatively marked at 2350 and 4830 feet 

which were the depths of the first samples analyzed in these wells respectively. The bases 

were marked by the quantitative base occurrence of Retistephanocolpites gracilis at 8360 and 

7170 feet in  wells A and B, respectively. Co-occurrence of Gemmamonoporites sp. and 

Retistephanocolpites gracilis together with regular occurrences of Nymphaeapollis clarus and 

the absence of Podocarpus milanjianus confirmed this subzone in both wells. Moreover, 

other associated flora within this subzone were Zonocostites ramonae, Z. duquei, 

Laevigatosporites spp., Sapotaceoidaepollenites spp., Retimonocolpites spp., Retitricolporites 

irregularis, the freshwater algae Botryococcus braunii and Pediastrum spp. together with 

fungal spores, diatom frustules and silicoflagellates.  

�  P800 Zone and subzone P860 (Late Miocene)  

The subzone P860 represented the older subzone in the P800 Zone of Evamy et al. (1978) in  

wells A and B (Figure 3.7-3.10). The quantitative base occurrence of Retistephanocolpites 

gracilis defined the tops of this subzone at 8360 and 7170 feet in wells A and B, respectively. 

The bases were tentatively marked at 9920 and 8340 feet the last sample analyzed in wells A 

and B correspondingly. The zone may continue below. The continuous co-occurrence of 

Nymphaeapollis clarus, Peregrinipollis nigericus, Stereisporites sp., and Cyperaceaepollis 

sp. characterized this subzone. The subzone further characterized by Zonocostites ramonae, 

Z. duquei, Monoporites annulatus, Psilatricolporites crassus, Verrucatosporites spp., 

Acrostichum aureum, rare dinoflagellate cysts Polysphaeridium zoharyi, Spiniferites 

pseudofurcatus and micro-foraminiferal wall linings. 

3.3.3 Floral Zonation for Wells A and B  

P800 Zone of Evamy et al. (1978) in wells A and B were further subdivided into seven floral  

zones of Morley and Richards (1993). P1 (2350-3710 ft.), Upper P3-Upper P2 (3710-4880  
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ft.), Lower P3 (4880-5510 ft.), P4 (5510-6710 ft.), P6-P5 (6710-7850 ft.), P7 (7850-8180 ft.)  

and M1(8180-9920 ft.) comprised floral zones in wells A (Figure 3.10 and 3.12). Well B, on  

the   other hand, comprised Upper P3 (4830-5280 ft.), Lower P3 (5280-5550 ft.), P4 (5550- 

5820 ft.),  P6-P5 (5820-6540 ft.), P7 (6540-7170 ft.), M1 (7170-7710ft.) and M2 (7710 – 

8340ft.) floral zones (Figures 3.7- 3.10). The diagnostic taxa used by Morley and Richards  

(1993) to delimit the floral zones are shown in Figures 3.7 and 3.8.   

�  Floral zone P1   

This was the youngest floral zone of well A and the base was defined by the continuous 

occurrences of Retibrevitricolporites obodoensis at 3710 feet. This floral zone was not 

recorded in well B. Other associated taxa of this assemblage are Zonocostites ramonae, Z. 

duquei, Psilastephanocolporites, and fungal spores.  

�  Floral zone Upper P3-Upper P2  

This floral zone was marked at the top by the continuous occurrences of  

Retibrevitricolporites obodoensis and at the base by increased occurrences of Botryococcus 

braunii at 3710 feet and 4880 feet respectively. This floral zone is missing in well B. Within 

this floral zone, Zonocostites ramonae, Z. duquei and Psilastephanocolporites occurred 

abundantly with moderate records of Acrostichum aureum, Retitricolporites irregularis, 

Monoporites annulatus, diatom frustules and silicoflagellates. 

�  Floral zone Upper P3  

The flora zone UpperP3 was the youngest floral zone, situated at the uppermost part of the 

well B and the base was defined by continuous occurrences of freshwater algae 

Botryococcus braunii at 5280 feet. This floral zone was not recorded in well A. The 

microfloral assemblage in this floral zone was characterized by dominance of Zonocostites 

ramonae, with low presence of Z. duquei, Psilatricolporites crassus, Retibrevitricolporites 

obodoensis, Psilastephanocolporites spp., Psilamonocolpites spp., Monoporites annulatus, 

Laevigatosporites sp., Verrucatosporites spp., fungal spores and silicoflagellates. 
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Figure 3. 8 Tilia™ pollen diagram showing distribution of the diagnostic marker species    
                   in well B (According to Evamy et al., 1978; Morley and Richards, 1993) 

�  Floral zone Lower P3   

The tops of the Lower P3 were defined by the increased occurrences of the freshwater algae 

Botryococcus braunii at 4880 and 5280 feet in wells A and B respectively, while the 

increased occurrences of Psilastephanocolpories spp. marked the bases at 5510 and 5550 feet 

in these wells correspondingly.  

 Zonocostites ramonae occurred abundantly within this floral zone with low occurrences of Z. 

duquei, Acrostichum aureum, Psilatricolporites crassus, Retitricolporites irregularis,  

Psilamonocolpites spp., Monoporites annulatus, Arecipites spp., Laevigatosporites sp.,  

Verrucatosporites spp. and fungal spores.     
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Figure 3. 9 Chart showing palynomorph zones and subzones recognized in well A based 
on the frameworks of Evamy et al. (1978) and Morley and Richard (1993) 

 
�  Floral zone P4  

The P4 floral zone occurred at depth intervals 5510-6710 feet and 5550-5820 feet in wells A 

and B respectively. The tops were defined by the increased occurrence of  
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Sapotaceoidaepollenites spp at 5510 ft. and 5550 ft, while the bases were defined by the 

increased occurrence of Pachydermites diederixi at 6710 ft and 5820 ft. in wells A and B 

correspondingly.  

In addition, other floral elements recorded in this zone included dominant occurrences of 

Zonocostites ramonae and Z. duquei in association with Laevigatosporites spp., 

Verrucatosporites spp., Monoporites annulatus, Cyperaceaepollis sp., Chenopodipollis sp., 

Crotontricolpites densus, Psilamonocolpites spp.,  freshwater algae Botryococcus braunii and 

fungal spores.    

�  Floral zone P6-P5  

 The increased occurrence of Pachydermites diederixi marked the tops of the floral zone P6-

P5 at 6710 and 5820 in wells A and B respectively, while the bases were defined by increased 

occurrence of Zonocostites ramonae at depths 7850 ft. and 6540 ft. in these wells 

correspondingly. Within this floral zone, Zonocostites duquei, Psilastephanocolporites spp., 

Monoporites annulatus, Verrucatosporites spp. and freshwater algae Pediastrum spp. 

occurred abundantly with low occurrences of Psilamonocolpites spp., Retimonocolpites spp., 

Laevigatosporites spp., Psilatricolporites crassus, Crotontricolpites densus, Retitricolporites 

irregularis, Polypodiaceoisporites sp., Cyperaceaepollis sp., Chenopodipollis sp., fungal 

spores and micro-foraminiferal wall linings.  

�   Floral zone P7  

 Floral zone P7 was located between 7850-8180 feet and 6540-7170 feet in wells A and B 

respectively and the tops were marked by increased occurrences of Zonocostites ramonae 

with the bases defined by the increased occurrences of Monoporites annulatus.  

 Low occurrences of Z. duquei, Psilatricolporites crassus, Retitricolporites irregularis, 

Striatopollis (Striatricolpites) catatumbus, Laevigatosporites spp., Pachydermites diederixi, 

Acrostichum aureum, Verrucatosporites sp., Polypodiaceoisporites spp. and fungal spores 

were also recorded within this zone. 
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Figure 3. 10 Chart showing palynomorph zones and subzones recognized in Well B 

based on the frameworks of Evamy et al. (1978) and Morley and Richard (1993) 

�  Floral zone M1  

This floral zone was encountered at intervals 8180 -9920 feet and 7170-7710 feet in wells A 

and B respectively. The tops of the zone were defined by increased occurrences of 

Monoporites annulatus at 8180 ft. and 7170 ft. The base of this floral zone in well A was 

tentatively marked at 9920 ft. being the last sample analyzed, while it was marked at 7710 ft. 

in well B by the increased occurrence of Zonocostites ramonae, which correlated with the 

decreased occurrence of Monoporites annulatus. Other associated floral taxa in this zone 

comprised a dominance of Verrucatosporites spp. together with low presence of 

Psilastephanocolporites spp., Psilamonocolpites spp, Cyperaceaepollis sp., Acrostichum 
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aureum, Polypodiaceoisporites spp., micro-foraminiferal wall linings and dinoflagellate cysts 

Polysphaeridium zoharyi and Spiniferites pseudofurcatus. 

�  Floral zone M2  

This floral zone was the oldest floral zone in well B and situated at the base of the well but it 

may extend below the last sample. This floral zone was missing in well A. The top of this 

zone was defined by increased occurrences of Zonocostites ramonae or decreased 

occurrences of Monoporites annulatus, which was marked at 7170 feet. The base was marked 

tentatively at 8340 feet that indicated the base of the analyzed interval. Dominance of 

Psilatricolporites crassus, Verrucatosporites spp. and freshwater algae Botryococcus braunii, 

Pediastrum spp. and fungal spores made up this floral zone.  

3.3.4 Age of the wells A and B 

 Based on the scheme of Evamy et al. (1978) and Morley and Richards (1993), the age of the 

studied sections of wells A and B ranged from Late Miocene (P860 Subzone) at the base to 

Early-Late Pliocene (P870 Subzone) at the top. This is attributed to the quantitative base 

occurrence of Retistephanocolpites gracilis at 8360 feet and 7170 feet in these wells 

respectively, which suggests penetration of Late Miocene below these depths. The uppermost 

parts of the well were dated Early-Late Pliocene based on co-occurrence of  

 Gemmamonoporites sp. and Retistephanocolpites gracilis, together with regular occurrences 

of Nymphaeapollis clarus and the absence of Podocarpus milanjianus that established this 

subzone in wells A and B. 

3.3.5 Biozonation of well C  

Eighty-six samples from well C between 1300 and 8950 feet, were analyzed for their 

palynomorph contents. Eighty-eight palynomorph species belonging to 81 genera were 

recorded, among which diagnostic marker species enabled the palynological zones to be 

defined. Well C was correlated with P900-P880 Subzones of Evamy et al. (1978).  

 The marker palynomorphs employed for the biozonation of well C comprised Podocarpus 

milanjianus, Echitriletes pliocenicus, Gemmamonoporites sp., Retistephanocolpites gracilis, 

Nymphaeapollis clarus, Peregrinipollis nigericus, Stereisporites sp., Cyperaceaepollis sp., 

Botryococcus braunii, Acrostichum aureum and Monoporites annulatus.  
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Figure 3. 11 Tilia™ pollen diagram showing distribution of the diagnostic marker 

species from well C (According to Evamy et al., 1978; Morley and Richards, 1993) 

The distribution of these species is highlighted in Figure 3.11. Accordinglytwo palynological  

zones together with eight floral zones were established in the well (Figures 3.11 and 3.12).  

The details of these micro-floral zones are described below. Diagnostic marker species for the  

zones are shown in figure 3.11. 

3.3.6 Palynological zones for well C  

�  P900 Zone (Late Pliocene-Pleistocene) 

 The P900 Zone was the youngest zone recorded in the analyzed well interval of well C. The 

top of the subzone was tentatively defined at 1300 feet, which was the depth of the first 

sample analyzed and the base occurrences of Podocarpus milanjianus marked the base of this 

subzone at depth 7600 feet. This zone was characterized by the prevalent co-occurrence of 
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Monoporites annulatus and Cyperaceaepollis sp. throughout the zone with continuous 

records of Podocarpus milanjianus and Echitriletes pliocenicus. 

 Other palynomorphs within this zone were dominated by Zonocostites ramonae    with low 

occurrences of Acrostichum aureum, Psilatricolporites crassus, Canthiumidites sp., 

Cyperaceaepollis sp., Psilastephanocolporites spp. Stereisporites sp., Polypodiaceoisporites 

spp., Laevigatosporites sp., Verrucatosporites sp., fungal spores together with spot 

occurrences of dinoflagellate cysts Operculodinium centrocarpum, O. israelinum, Spiniferites 

pseudofurcatus, Lejeunecysta sp., Polysphaeridium zoharyi, Nematosphaeropsis labyrinthea, 

diatoms and silicoflagellates.    

�  P800 Zone and subzone P880 (Early Pliocene)  

The P880 Subzone represented the older subzone of zone P800 of Evamy et al. (1978) in well 

C. The top of subzone P880 was marked by the base occurrences of Podocarpus milanjianus, 

while the rare occurrences of Gemmamonoporites sp. in association with the rich occurrences 

of Zonocostites ramonae characterized this subzone. The base was marked at 8950 feet, 

which signified the base of the analyzed interval. Other associated palynomorphs in this 

subzone were Monoporites annulatus, with low occurrences of Echitricolporites spinosus, 

Podocarpus milanjianus, Acrostichum aureum, Stereisporites sp., Verrucatosporites spp., 

Laevigatosporites spp., fungal spores, together with rare occurrences of the dinoflagellate 

cysts Protoperidinium spp., Impagidinium sp., Brigantedinium sp., Lingulodinium 

macherophorum and Hystrichokolpona rigaudiae.   

3.3.7 Floral Zonation for Well C  
P900 and P800 Zones of Evamy et al. (1978) in well C were further subdivided into eight  

floral zones of Morley and Richards (1993), as follow Q1 (1300-2200 ft.), Q3-Q2 (2200-3370  

ft.), Q4 (3370-3820 ft.), Upper Q6-Q5 (3820-4270 ft.), Lower Q6 (4270-7600 ft.),   Upper P0  

(7600- 7960 ft.), Lower P0 (7960-8230 ft.) and P1 (8230-8950 ft.). The diagnostic taxa used  

by Morley and Richards (1993) to delimit the floral zones are shown in Figure 3.11.   

�  Floral zone Q1  

 The floral zone Q1 was the youngest floral zone situated at the uppermost part of well C 

between intervals 1300 and 2200 feet and its base was defined by the first increased 

occurrences of Podocarpus milanjianus at 2200 feet.  
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                     based on the frameworks of Evamy et al. (1978) and Morley and Richard  
                     (1993) 
 

 This zone comprised other floral assemblages dominated by Zonocostites ramonae, with low 

occurrences of Monoporites annulatus, Cyperaceaepollis sp., Psilatricolporites crassus, 

Acrostichum aureum, Stereisporites sp., Laevigatosporites spp., Verrucatosporites spp., 

fungal spores together with a spot occurrence of Operculodinium israelinum.   

�     Floral zone Q3-Q2  

This floral zone was marked at the top by the first increased occurrences of Podocarpus 

milanjianus at 2200 feet and at the base by the first increased occurrences of Botryococcus 

braunii at 3370 feet. The microfloral assemblage was dominated by Zonocostites ramonae in 
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association with low occurrences of Monoporites annulatus, Cyperaceaepollis sp., 

Laevigatosporites spp., Verrucatosporites spp., fungal spores with spot occurrences of 

Spiniferites pseudofurcatus and Impagidinium sp. were recorded. 

�  Floral zone Q4 (3370-3820 ft.) 

 The Q4 floral zone was very thin and the top was defined by the first increased occurrence of 

Botryococcus braunii, while reduced occurrences of Acrostichum aureum marked the base at 

3370 feet and 3820 feet respectively. Dominant Zonocostites ramonae in association with 

low occurrences of Monoporites annulatus, Cyperaceaepollis sp., Laevigatosporites sp., 

Verrucatosporites sp., Botryococcus braunii, fungal spores with rare Spiniferites 

pseudofurcatus and Impagidinium sp. were recorded in this floral zone. 

�  Floral zone Upper Q6-Q5 (3820-4270 ft.) 

 The UpperQ6-Q5 floral zone was defined between 3820 and 4270 feet with the top marked 

by reduced occurrences of Acrostichum aureum and the base was identified by the second 

increased occurrence of Botryococcus braunii. In addition, dominant occurrence of 

Monoporites annulatus together with low occurrences of Zonocostites ramonae, 

Psilatricolporites crassus, Acrostichum aureum, Stereisporites sp., Laevigatosporites sp. 

Verrucatosporites sp, Botryococcus braunii, and spot occurrence of Nematosphaeropsis 

labyrinthea were present in this floral zone. 

�  Floral zone Lower Q6 (4270-7600 ft.)   

 Flora zone Lower Q6 was the thickest floral zone in well C and the top was identified by the 

second increased occurrence of Botryococcus braunii at 4270 ft., as the base coincided with 

the base of the P900 zone, which the quantitative base occurrences of Podocarpus 

milanjianus is marked at 7600 feet. Other forms recorded in this zone were the abundant 

Zonocostites ramonae, in association with low occurrences of Psilatricolporites crassus, 

Monoporites annulatus, Podocarpus milanjianus, Acrostichum aureum, Stereisporites sp., 

Laevigatosporites spp, Verrucatosporites spp., Echitricolporites spinosus, fungal spores with 

rare occurrences of Lejeunecysta sp., Operculodinium centrocarpum, Polysphaeridium 

zoharyi and diatom frustules.    

�  Floral zone Upper P0 (7600-7960 ft.)  

 Floral zone UpperP0 was thin and defined between 7600 and 7960 feet, its top was marked 

by quantitative base occurrence of Podocarpus milanjianus, and the base was defined by the 
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reduced occurrence of Botryococcus braunii. This floral zone also comprised dominant 

Monoporites annulatus together with moderate numbers of Zonocostites ramonae, 

Acrostichum aureum, Stereisporites sp., Laevigatosporites spp., Verrucatosporites spp., 

fungal spores with spot occurrences of dinoflagellate cysts Polysphaeridium zoharyi, 

Brigantedinium sp. and Nematosphaeropsis labyrinthea.  

�  Floral zone Lower P0 (7960-8230 ft.)  

 This floral zone also was thin and situated between depth intervals 7960-8230 ft. of well C, 

whereas the top was defined by the reduced occurrences of Botryococcus braunii and the 

base was distinguished by reduced occurrences of Monoporites annulatus. Also recorded 

within this floral zone were low occurrence of Verrucatosporites spp. and spot occurrences of 

dinoflagellate cysts Brigantedinium sp. and Lingulodinium machaerophorum.  

�  Floral zone P1 (8230-8950 ft.) 

 This was the oldest floral zone, occurred at the basal part of well C, and its top was defined 

by reduced occurrence of Monoporites annulatus at 8230 ft. The tentative base of this zone 

was mked at 8950 ft., the depth of the last sample analyzed in well C. The microflora in this 

zone comprised low occurrences of Zonocostites ramonae, Echitricolporites spinosus, 

Acrostichum aureum, Verrucatosporites spp., fungal spores, together with spot records of 

dinoflagellate cysts Operculodinium centrocarpum, Spiniferites pseudofurcatus and 

Hystrichokolpoma rigaudiae.  

3.3.8 Age of well C 
 Based on the schemes of Evamy et al. (1978) and Morley and Richards (1993), the age of 

well C ranged from Early Pliocene (P880 Subzone) at the base to Late Pliocene-Pleistocene 

(P900 Subzone) at the top. This is attributed to the quantitative base occurrence of 

Podocarpus milanjianus at 7600 feet, which suggests penetration of Early Pliocene below 

this depth. The uppermost parts of the well were dated Late Pliocene-Pleistocene based on 

the co-occurrences of Monoporites annulatus and Cyperaceaepollis sp. throughout the zone 

together with continuous records of Podocarpus milanjianus that characterized this subzone.  

3. 4 Correlation of wells A, B and C   

 The chronostratigraphic data of the three wells analyzed reveal that wells A and B occurred 

within the same subzones P860 and P870, whereas well C occurred within subzones P880 
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and P900. This suggests that the strata in wells A and B were older than those well C (Table 

3.1). However, there appears to be some overlap in the depths figures (feet below sea level). 

Table 3. 1 Table showing Correlation between Wells A, B and C 

ZONES 
(Evamy et al. 

1978) 
 

SUBZONES 
(Evamy et al. 

1978) 
 

CORRELATION OF THE THREE WELLS A, B AND C 

Well A Well B Well C 

P900 P900 Not observed Not observed Recognized (1300-7600 ft.) 

 

P
80

0 

P880 Not observed Not observed Recognized (7600-8950 ft.) 

P870 Recognized (2350-8300 ft.) Recognized (4830-7170 ft.) Not observed�

P860 Recognized (8300-9920 ft.) Recognized (7170-8340 ft.) Not observed�
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CHAPTER FOUR 

RESULTS II 

4.0 Lithofacies analysis 

Introduction 

� The results of the facies analysis based on qualitative examination of sedimentologically 
processed sediments and Gamma-Ray (GR) logs are herein presented. The lithological 
compositions combined with GR-log motifs of the studied wells were used to determine the 
depositional sequences,  lithostratigraphic units and probable environments of deposition. 

The results of sequence stratigraphy based on the lithofacies analysis were presented in  

Chapter Five.  

 4.1 Lithofacies 

 Four lithologies were identified during the course of study of wells A, B and C. They 

included sandstones, shale (mudstones), shaley sand (siltstones) and sandy shale (claystones) 

(Appendices B1-B3). The four lithologies were well represented in Wells A and C, whereas 

well B was predominantly composed of shale with thin layers of  the other three lithologies 

(Appendices B1-B3). However, the composition of these above mentioned lithologies varied 

in the wells.   

 Sandstones are composed of greater than 90 % sand-sized particles and 1 - 9 % clay- and silt-

sized particles. The sand-sized particles were predominantly milky, white, quartzose, 

predominantly translucent and occasionally transparent. Sand grain size ranged from fine to 

very coarse, while the sorting ranged from poor to well sorted. The shape of the sand grains 

ranged from predominantly sub-rounded to rounded and occasionally sub-angular. There 

were few to rare occurrences of ferruginous materials, carbonaceous detritus, glauconite 

pellets, pyrites, mica flakes and shell fragments.  

 Shales, on the other hand, comprised greater than 90 % silt- and clay-sized particles with less 

than 10 % sand-sized particles. The shales were medium to dark grey in colour with 

predominantly blocky and occasionally platy to flaggy appearance. They contained sub-

rounded sand size particles which were predominantly poorly to occasionally moderately 

sorted.  

 Shaley sand contained greater than 50 % silt-sized particles and less than 50 % clay particles, 

while sandy shale lithologies consisted of greater than 50 % clay-sized particles and less than 

50 % silt-sized particles. Sandy shale and shaley sand contained predominantly, fine and 
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occasionally, coarse grain sand-size particles with sub-angular to sub-rounded shape. These 

particles were predominantly poorly sorted and occasionally well sorted. However, rare shell 

fragments composed the shaley sand, while rare carbonaceous detritus, mica flakes, and shell 

fragments made up the sandy shale.     

 The lithologies of ditch-cuttings from Wells A, B, C were described depth by depth down the 

borehole, and the full descriptions are documented in Appendices B1-B3. The thicknesses 

derived from depth intervals of different lithologies penetrated by these wells were recorded 

in tables in Appendices B1-B3. These lithological data were plotted, with aid of SEDLOG 

software, to generate the lithostratigraphic charts (Figures 4.1-4.3).  

4.1.1 Lithology distribution in Well A (9920-2350 ft.)  

The four lithologies were well represented in well A with the uppermost part was dominated 

by sandstones with intercalations of thin beds of shale, sandy shale and shaley sand 

lithologies (Figure 4.1). Exceptionally thick of shale beds were present and occasionally thick 

sand beds with intercalations of thin beds of the four lithologies (sandstones, mudstones, 

siltstones and claystones )  occur within the thick beds, which characterized the lower part of 

Well A.  

4.1.2 Lithology distribution in Well B (8340-4830 ft.) 

 Well B was characterized by dominant deposition of thick shale beds from the top to the base 

of the studied section (Figure 4.2). In contrast, sandstones, claystones and siltstones occurred 

as thin interbeds within the thick shale beds at about the middle and lowermost parts of the 

well. 

4.1.3 Lithology distribution in Well C (8950-1300 ft.) 

  Well C revealed good representation of alternating beds of claystone and sandstone 

lithologies with rare thin mudstones and siltstone beds, which occasionally occurred as 

intercalation within thick beds of claystones and sandstones (Figure 4.3). 
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                              Figure 4. 1 Chart showing sedimentological log of lithologies and depositional sequences of sediment in well A
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                     Figure 4. 2 Chart showing sedimentological log of lithologies and depositional sequences of sediments in Well B
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4.2 Lithostratigraphy 

 The results showed that well A penetrated the Benin and Agbada Formations at intervals 2350-

3140 ft. and 3140-9920 ft respectively, whereas Wells B and C penetrated only the Agbada 

Formation at intervals 4800-8340 ft. and 1300-9920 ft. correspondingly (Figures 4.1-4.3 and Table 

4.1). These are formally recognized lithostratigraphic units in the Niger Delta Basin referred to as 

the continental Benin and the Paralic Agbada Formations (Short and Stäuble 1967; Whiteman 

1982; Doust and Omatsola, 1990). The Benin Formation is principally made up of fluviatile 

gravels and sand arising from the present-day delta shoreface.  It includes chiefly massive, very 

porous, fresh water bearing sandstones, with confined thin shale inter-beds judged to be of braided 

stream source (Short and Stäuble 1967; Doust and Omatsola, 1990). Conversely, the Agbada 

Formation as revealed in the wells was characteristically a succession of either sandstones 

alternating with mudstones, or argillaceous sandstones intercalating with siltstones and claystones, 

with sandstones dominating up-section. The thickness of the Benin and Agbada formations varied 

widely in the studied wells. The Agbada Formation is mainly a mudstone sequence alternating 

with variably thick sandstone beds.  They are interbeded with stacked channel sandstone bodies 

that show a coarsening upward trend and occasionally fining upward signatures. 

Table 4. 1   Lithostratigraphic Data for Wells A, B and C 

Formation 
(FM) 

Penetrated 

Well A 
 

Well B  
  

Well C 
 

  
    Benin  

 
2350-3140 ft 

Not 
present 

Not 
present 

 
      Agbada  

 
9920-3140 ft. 

 
8200-4800 ft. 

 
8950-1300 ft. 

 

�
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4.3. Depositional environment 

Introduction 

 Selley (1985) and Murkute (2001) revealed that a precise environment is characterized by 

vertical profile of grain size particles. For example, transgressive marine and proximal marine 

fan deposits exhibit fining-upwards grain size profiles, whereas regressive marine and distal 

deep-sea deposits show upward coarsening grain size profiles. Close relationships between 

gamma ray (GR) values and shale volume, and between GR values and grain size have been 

adequately established (Serra and Sulpice, 1975; Selley, 1976; 1985). However, grain-size 

vertical vertical outlines in the clastic sequences can be designated by GR-logs and hence, GR-

logs can be used for the palaeoenvironmental analysis (Chow et al, 2005).  Nevertheless, a GR-

log signature on its own cannot give enough information for the recognition of a particular 

depositional palaeoenvironment. Therefore, GR-log motifs integrated with the composition of 

ditch-cutting samples produces a more precise depositional palaeoenvironment understanding 

(Selley, 1985; Murkute, 2001).       

 Analysis of the acquired GR-logs in this study indicated three categories of GR-log motifs, which 

comprised funnel, bell, and boxcar (cylindrical) shapes (see Fig. 2.12, section 2.8.1 of Chapter 

Two). Wells A, B and C GR-logs comprised all these four GR-log motifs. Furthermore all the 

observed GR-log shapes in this study displayed serrated or indented patterns which is an 

indication of marine environments.  

 In addition, accessory minerals that comprised glauconite pellets, ferruginous materials, pyrites, 

carbonaceous debris, mica flakes and shell fragments were recorded in the ditch-cuttings samples 

(Tables 4.2-4.4). Carbonaceous detritus was comprised of coal and plant fragments. Its presence 

alongside mica flakes in sandstone lithofacies indicated rapid rate of burial with minimal 

reworking (Selley, 1985). The occurrence of shell fragments and glauconite signified marine 

environments but their absence in a sand sequence did not indicate nonmarine environments 

(Selley, 1985). Furthermore, glauconite is described as unstable and unable to withstand 

reworking and hence its presence reaffirms its reliability as a marine environment indicator.  In 

addition pyrites exclusively occurred in reducing environments which is a characteristic of deep-

sea environments.  
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Table 4. 2 The environment of deposition of sand lithofacies in well A using integration of 
lithology composition and GR-log signatures based on the palaeoenvironment 
identification methods of Selley (1985, 1998)  

            Depth- 
Intervals  

             (Feet) 

Thickness 
(Feet) 

       Recorded GR-log 
        in well A 

Recorded accessory 
minerals in well A 

      Inferred depositional  
      environment 

 (Selley, 1985, 1998) 
2420-2340 80 Boxcar Ferruginous materials, 

 Shell fragments 
Tidal channel 

2520-2490 30 Boxcar Not observed Tidal chnnel? 
2600-2530 70 Funnel shape  Shell fragments Regressive barrier sand 

 
     2690-2630 60 Funnel shape  Carbonaceous detritus, 

 Mica flakes,  Pyrites, 
 Ferruginous materials 

Deltaic distal slope or crevasse splay 

2890-2850 40 Funnel shape  Carbonaceous detritus Regressive barrier sand, prograding 
submarine fans and  

prograding deltas or crevasse 
splays 

           2950-2890 60 Boxcar   Carbonaceous detritus Fluvial or deltaic distributary 
channel 

3120-3060 60 Bell shape   Carbonaceous detritus Fluvial or Deltaic  
distributary channel 

3560-3490 70 Boxcar  Shell fragments,  mica flakes Submarine channel 
3630-3560 70 Bell shape  shell fragments  Tidal channel 
3700-3630 70 Boxcar  Ferruginous materials 

 Shell fragments 
Tidal channel 

3840-3790 50 Boxcar  Carbonaceous detritus fluvial or deltaic distributary 
channel 

4000-3890 110 Funnel shape  Carbonaceous detritus Regressive barrier sand, prograding 
submarine fans and  

prograding deltas or crevasse 
splays 

4150-4030 120 Bell shape  Shell fragments Tidal channel 
4230-4170 60 Boxcar  Ferruginous materials, 

 Carbonaceous detritus 
 Shell fragments 

Submarine channel 

4360-4240 120 Boxcar  Carbonaceous detritus Fluvial or deltaic distributary 
channel 

4500-4430 70 Funnel shape Not observed Regressive barrier sand, prograding 
submarine fans and  

prograding deltas or crevasse 
splays?�

4660-4610 50 Bell shape Not observed Tidal channel? 
4758-4670 88 Funnel shape  Mica flakes Regressive barrier sand,  

     prograding submarine fans and   
  prograding deltas or  

  crevasse splays 
5310-5850 150 Funnel shape  Carbonaceous detritus Regressive barrier sand, prograding 

submarine fans and  
prograding deltas or crevasse 

splays 
6310-6140 170 Boxcar Not observed� Tidal channel? 
7610-7570 40 Bell shape Not observed� Tidal channel? 
7660-7620 40 Funnel shape Not observed Regressive barrier sand, prograding 

submarine fans and  
prograding deltas or crevasse 

splays? 
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9300-8990 310 Boxcar  Carbonaceous detritus Fluvial or deltaic distributary 
channel  

9330-9300 30 Bell shape Not observed Tidal channel? 
9390-9330 60 Funnel shape Not observed Regressive barrier sand, prograding 

submarine fans and  
prograding deltas or crevasse 

splays? 

 

 Therefore, the presence of this accessory mineral in a lithofacies indicated deep-sea environments. 

Conversely ferruginous materials mostly occurred in oxidizing environments with a period of 

exposure which typified shallow water environments. Therefore, its presence in a sand lithofacies 

signified a slow rate of deposition.    

The integration of recorded accessory minerals with the observed GR-log shapes helped to infer the 

depositional environments of the documented sand sequences in this study. The approach of Selley 

(1985, 1998) on the palaeoenvironment identification methods were adopted for this purposeand the 

descriptions of the recorded four types of successions in this study were shown below. 

4.3.1 Boxcar-shaped successions 

The GR-logs of these successions are strongly serrated with sharp boundaries at the base and top. 

These GR-log-shaped successions produced ten successions in Well A and two successions each in 

Wells B and C with varied thicknesses that ranged from 20 feet to 500 feet (6-152 m).  The 

lithologies that made up this succession were mostly sandstones, shaley sand and sandy shale 

together with carbonaceous detritus, mica flake, shell fragments and pyrite.  

Table 4. 3 The environment of deposition of sand lithofacies in well B using                       
                   integration of lithology composition and GR-log signatures based on the    
                   palaeoenvironment identification methods of Selley (1985, 1998) 

            Depth- 
Intervals  (Feet) 

Thickness 
(Feet) 

          Recorded GR-log 
signatures in well B 

Recorded accessory 
minerals in well  

            Inferred depositional 
environment (Selley, 1985, 1998) 

5910-5930 20 Boxcar   Carbonaceous detritus Fluvial or deltaic distributary 
channel 

           5935-6030 95 Funnel shape Carbonate detritus. Regressive barrier sand, 
prograding submarine fans 
and  prograding deltas or 

crevasse splays 
7220-7140 80        Bell shape Carbonaceous detritus Fluvial or deltaic distributary 

channel 
7300-7220 80 Funnel shape  Carbonate detritus. Regressive barrier sand, 

prograding submarine fans 
and  prograding deltas or 

crevasse splays 
7860-7760 100 Boxcar Carbonaceous detritus and  

pyrites 
Fluvial or deltaic distributary 

channel 
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7960-7860 100 Funnel shape  Carbonaceous detritus Regressive barrier sand, 
prograding submarine fans 
and  prograding deltas or 

crevasse splays 
8020-7960 60 Bell shape Not observed  tidal channel? 

 

�  Interpretation 

 The Boxcar-shaped GR-log denotes abrupt termination of deposition at both bottom and upper 

boundaries that are typical of three general categories of depositional environments (Selley, 

1985; 1998).  These comprised delta distributary channel, tidal channel wave and submarine 

channel depending on the different accessory minerals (Tables 4.5-4.7). Therefore, the 

carbonaceous detritus plus mica flakes made up Boxcar-shaped successions at intervals 9300-

8990 ft., 4360-4230 ft., 3840-3790 ft., 2950- 2890 ft. of well A, 7860-7760 ft., 5930-5910 ft. of 

well B and 4000-3500 ft., 3000-2800 ft. of well C suggested fluvial or deltaic distributary 

channel environment for these sections. In addition these successions at intervals 3700-3630 ft. 

and 2420-2340 ft. of well A included shell fragments that indicated tidal channel environment at 

these depths, whereas the carbonaceous debris and/or mica flakes and shell fragment that 

composed boxcar-shaped successions at intervals 4230-4170 ft. and 3560-3490 ft. of well A 

denoted submarine channels. Some authors have referred to the environments of deposition of 

these successions as submarine canyon fan, turbidite fan and tidally influenced fluvial channel 

based solely on the GR-log motifs (Emery and Myers, 1996; Olowoyo, 2010).  

4.3.2 Funnel-shaped successions 

 The sharp and gradational termination of sand:shale sequence at the top and base contacts 

respectively marked the funnel-shaped successions, which comprised ten, three and four cycles 

in wells A, B and C respectively, with serrated appearance and thickness varying from 30 to 425 

feet (9-130 m). The funnel motif indicated coarsening or cleaning upwards sequence interpreted 

to be a shallowing sequence. The lithological description of the ditch-cutting samples revealed 

that sandstone, occasionally shaley sand together with carbonaceous detritus, mica flakes, 

pyrites, glauconite pellets and terrigenous materials composed these successions (Tables 4.2-

4.4).  
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�  Interpretation  

 The funnel-shaped sequences are shallowing- or coarsening-upward cycles of sediments and 

when they include carbonaceous detritus and/or mica flakes a rapid rate of burial is suggested. 

However, according to the palaeoenvironmental classification methods of Selley (1985) three 

general types of environments characterized these successions namely-regressive barrier sand, 

prograding submarine fans and prograding deltas or crevasse splays. The presence of glauconite 

and/or shell debris represents regressive barrier sand (Nelson and James, 2000; James and Bone, 

2000; Chafetz and Reid, 2000; Marenssi et al, 2002), whereas prograding deltas or crevasse 

splays contained carbonaceous detritus and/or mica flakes. Submarine fans comprise glauconite 

and/or shell debris and carbonaceous debris (Selley, 1998). Therefore, the funnel-shaped 

successions recorded at intervals 5310-5190 ft., 4758-4670 ft., 4000-3890 ft. of well A, 7960-

7860 ft., 7300-7220 ft., 6030-5935 ft. of well B and 8050-7950 ft., 5950-5525 ft., 4700-4350 ft. 

1550-1300 of well C, associated with carbonaceous detritus and/or mica flakes, suggest 

prograding deltas or crevasse splay environments. Since the thickness of the sands recorded 

within these intervals ranged from > 9-130 m, it is reasonable to infer that the environment of 

their deposition is a prograding delta (Chow et al., 2005).  In addition shell fragments 

characterized these successions at 3530-2600 ft. in well A and therefore indicated regressive 

marine environments at these intervals. Unfortunately, none of the accessory minerals were 

recorded for intervals 9390-9330 ft, 7660-7620 ft., 5830-5800 ft. and 4500-4439 ft. in well A. 

Hence no depositional environment can be assigned for these sections (Selley, 1985, 1998).  

Table 4. 4 The environment of deposition of sand lithofacies in well C using integration of  
                    lithology composition and well log signatures based on the palaeoenvironment     

                    identificationmethods of Selley (1985, 1998) 
 

             Depth- 
Intervals  (Feet) 

Thickness 
 (Feet) 

        Recorded GR-log 
signatures in well B 

Recorded accessory 
minerals in well A 

           Inferred depositional 
environment (Selley, 1985, 1998) 

          1550-1300 250 Funnel shape Carbonaceous detritus and mica 
flake 

Regressive barrier sand, prograding 
submarine fans and  

prograding deltas or crevasse 
splays 

          1750-1550 200 Bell shape mica flake Fluvial or deltaic distributary 
channel 

3000-2800 200            Boxcar Carbonaceous detritus and mica 
flake 

Fluvial or deltaic distributary 
channel 

4000-3500 500 Boxcar Carbonaceous detritus and mica 
flake 

Fluvial or deltaic distributary 
channel 

4700-4350 350 Funnel shape Carbonaceous detritus and mica 
flake 

Deltaic distal slope or crevasse 
splay 
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4900-4700 200 Bell shape Carbonaceous detritus Fluvial or deltaic distributary 
channel 

5950-5525 425 Funnel shape Carbonaceous detritus and mica 
flakes 

Regressive barrier sand, prograding 
submarine fans and 

prograding deltas or crevasse 
splays 

8050-7950 100            Funnel shape Carbonaceous detritus Regressive barrier sand, prograding 
submarine fans and 

prograding deltas or crevasse 
splays 

           8200-8050 150 Bell shape Carbonaceous detritus Fluvial or deltaic distributary 
channel�

8550-8400 150 Bell shape Carbonaceous detritus Fluvial or deltaic distributary 
channel�

9000-8550 450 Boxcar Carbonaceous detritus  Fluvial or deltaic distributary 
channel 

4.3.3 Bell-shaped successions 

These successions are characterized by strongly serrated GR-log motifs with the sharp lower and 

gradational upper boundaries. The bell-shaped motif indicated fining upwards that are believed 

to be deepening or transgressive sequences. This type of succession, which comprised six, two 

and four successions in wells A, B, C respectively, varied in thickness down the borehole 

ranging from 30 to 200 feet (9-61 m). The lithological reports revealed the occurrence of 

sandstone, claystone, and siltstone lithofacies in association with carbonaceous detritus and 

ferruginous material in the bell- shaped successions. 

�  Interpretation  

 The bell-shaped successions are typically related to three kinds of environments which are tidal 

channels, submarine fans and fluvial or deltaic channels (Selley, 1985, 1998). The presence of 

glauconite and shell debris is commonly interpreted as tidal channels and turbidite fills, while 

fluvial or deltaic channel environments contain carbonaceous detritus (Selley, 1985, 1998). 

Therefore, the bell-shaped successions at intervals 3120-3060 ft. in well A, 8020-7960 ft., 7220-

7140 ft. of well B, 8550-8400 ft., 8250-8200 ft., 4900-4700 ft., 1700-1550 ft. in well C indicated 

fluvial or deltaic channel  environments. In contrast these successions at 4150-4030 ft. and 3630-

3560 ft. in well A included shell fragments that indicated tidal channel environments. However, 

these succession recorded no accessory minerals at intervals 9330-9300 ft., 7610-7570 ft., 4660-

4610 ft. in well A and so no environment of deposition was assigned to these intervals of well A 

(Selley, 1985, 1998).  
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CHAPTER FIVE 

RESULTS III 

5.0 Sequence stratigraphy 

Introduction 

 Palynofloral zones, lithofacies data and GR log analysis were used to infer the depositional 

sequences in wells A, B and C for the better interpretation of sequence stratigraphy of the study 

area. A depositional sequence is the primary sedimentary component of sequence stratigraphy 

believed to have been deposited during a single cycle of sea-level fall and rise (Vail, 1987). 

Furthermore, a depositional sequence is subdivided into a succession of systems tracts that are 

separated by appropriate sedimentary key surfaces during a particular stage of the eustatic cycle 

(Vail, 1987). The facies tracts are referred to as systems tracts because they include strata build 

up from related depositional environments.   

 Systems tracts are packages of strata within a sequence, include Highstand Systems Tract (HST), 

Transgressive Systemss Tracts (TST) and Lowstand Systems Tracts (LST) (Figure 5.1). 

Sequence boundaries (SBs), maximum flooding surfaces (MFSs) and transgressive surface of 

erosion (TSE) comprise the sedimentary key surfaces. The SB forms the boundary between two 

adjacent depositional sequences, while the MFS separates adjacent HST and TST, and TSE 

demarcates adjacent LST and TST. The LST overlies sequence boundaries that mark the 

maximum amount of subaerial exposure and wearing away, and is capped by a maximum 

regressive surface (Van Wagoner et al., 1990). In a typical depositional setting, however, a 

sequence can be differentiated into either type-1 sequence or type-2 sequence (Vail, 1987; Van 

Wagoner et al., 1990). In a type-1 sequence, the LST is differentiated into Basin Floor Fan 

Complex (BFFC), Slope Fan Complex (SFC) and Prograding Complex (PGC). In the type-2 

sequence LST is replaced by the shelf margin systems tract (SMST). Most of the Late Miocene 

sequences of the Gulf of Mexico are deemed to be typical examples of a type-1 sequence (Vail 

and Wornardt, 1990).  
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Figure 5. 2 Schematic model showing systems tracts, bounding surfaces, and their relative 
                   stratigraphic position (modified after Vail et al., 1977, Van Wagoner et al., 1988)
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5.1 Sequence Stratigraphy based on pollen from Wells A, B and C  

Introduction 

Many researchers have shown a relationship between floral and faunal distribution trends and 

system tracts and had, on these bases, proposed usage of palynological assemblages as a means 

to predict possible system tracts to raise confidence in the understanding of depositional 

sequences. These researchers include Erhart (1964), Fredoux and Tastet (1976), Caratini and 

Tissot (1985) and Morley and Flenley (1987). The abundance of mangrove pollen (Zonocostites 

ramonae) with corresponding minima of Poaceae pollen (Monoporites annulatus) and spores in 

the studied wells signified transgressive and or highstand systems tracts, which characterized 

lower delta coastal plain facies. Conversely, the maxima of Poaceae pollen and spores with 

corresponding minima or absence of mangrove pollen in this study signified lowstand systems 

tract that characterized upper delta coastal plain facies (Poumot, 1989; Morley, 1995; 

Armentrout et al., 1999; Van Der Zwan and Brugman 1999). These studies were used to identify 

different systems tracts that characterized changes in palynomorph assemblages down hole of the 

studied wells.  

5.1.1 Sequence Stratigraphy of Well A 

Nine systems tract that comprise three transgressive, two highstand and four lowstand systems 

tracts were recorded within section of well A (Figure 5.2). The intervals 9500-8200 ft, 7150-

50000 ft., 4600-4100 ft. and 3600-3000 ft. within this well comprised reduced frequencies of 

mangrove pollen, freshwater swamp and lowland rainforest with corresponding increased 

percentages of Poaceae pollen and spores. This change in palynomorph assemblages within these 

intervals suggests regression sequences that characterized lowstand systems tract (Morley, 1995).  

Conversely, the intervals 9920-9500 ft., 4100-4400 ft. and 3000-2350 ft.   in well A composed 

maxima of mangrove, freshwater swamp and lowland rainforest pollen with corresponding 

minima or absence of Poaceae pollen as well as spores. This change in floral assemblages 

reflects a transgression sequence that typifies transgressive and highstand systems tracts within 

these intervals (Morley, 1995). The intervals 8200-7500 ft. and 5000-4600 ft. in well A, on the 

other hand, comprised maxima of both mangrove and Poaceae pollen, and spores. These 

assemblages are likely to correspond to aggradation sequence (i.e. HST) (Morley, 1995).  
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Figure 5.2 Tilia™ pollen diagram showing depositional sequences for well A
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5.1.2 Sequence Stratigraphy for Well B 
  Well B comprised five systems tracts transgressive, highstand and lowstand (Figure 5.3). The 

intervals 8340-8125 ft., 6600-5400 ft. and 4900-4800 ft. within this well is characterized by 

abundance of Poaceae pollen and spores with corresponding low frequencies of mangrove 

pollen, freshwater swamp and lowland rainforest pollen. The change in these microfloral 

assemblages reflects dry, “lower delta coastal plain facies” that characterized a regression 

sequence and lowstand systems tract (Morley, 1995). In contrast, at 8125-6600 ft. within this 

well high percentages of mangrove pollen, freshwater swamp and lowland rainforest pollen 

predominated with corresponding reduced frequencies of Poaceae pollen and spores, which 

denotes wet, “upper delta coastal plain facies”, transgression sequence and transgressive systems 

tract (Morley, 1995). Interval 5400-4900 ft. characterized by maxima of both mangrove and 

Poaceae pollen, and spores, which likely to represent aggradation sequence (highstand systems 

tracts) (Morley, 1995)   

5.1.3 Sequence Stratigraphy of Well C  

In well C seven systems tracts were recognized, which comprised alternation of two 

transgressive, two highstand and three lowstand systems tracts (Figure 5.4). The intervals 8950-

7300 ft., 4800-3800 ft. and 1650-1300 ft. characterized by maxima of Poaceae pollen and spores 

with corresponding minima of mangrove pollen, freshwater swamp and lowland rainforest 

pollen. The change in these palynomorph assemblages reflects a dry climate, “lower delta coastal 

plain facies” that typifies regression sequence and lowstand systems tracts (Morley, 1995). In 

contrast, at intervals 7300-5700 ft. and 2700-1630 ft. high frequencies of mangrove pollen, 

freshwater swamp and lowland rainforest with corresponding low frequencies of Poaceae pollen 

and spores were recorded. This change in the microfloral assemblages within these intervals 

denotes a wet climate, “upper delta coastal plain facies”, which typifies transgression sequence 

and transgressive systems tract (Morley, 1995). Intervals 5700-4800 ft. and 3800-2700 ft. are 

characterized by maxima of Poaceae and mango pollen, and spores which denotes highstand 

systems tracts (Morley, 1995).  
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Figure 5.3 Tilia™ pollen diagram showing depositional sequences for well B
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Figure 5. 4 Tilia™ pollen diagram showing depositional sequences for well C
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5.1.4 Correlation between palynofloral zones (biozones) and sequence stratigraphy  

Some studies have investigated the relationship between climate changes and sea-level 

fluctuations in basins coming from sedimentological, geochemical and palynological points of 

view (Rankey, 1997; Vosgerau et al., 2000; Ellison, 1989; Poumot, 1989).  

A majority of the workers agreed that wetter and drier climates correlate with sea-level rise and 

fall, respectively (Soreghan, 1994; Rankey, 1997; Vosgerau et al., 2000), while others are of the 

different opinion (e.g. Miller et al. 1996). Investigation has also shown some degree of 

correlation between palynozones and sequence stratigraphy ((Iannuzzi et al., 2007, 2010; Garzon 

et al. 2012). Based on these above mentioned studies the correlation between the microfloral 

zones and sequence stratigraphy of the studied wells A, B and C is discussed in Chapter Six.  

5.2 Sequence stratigraphy based on lithofacies 

The result of lithofacies analysis of this study revealed several rises and falls of the sea level. 

These were believed to arise from   changes in the polar ice caps size, seafloor-spreading rate and 

local subsidence of the coastal area or land uplift (Gore, 2005). These fluctuations in sea level 

resulted in the deposition of different lithofacies in the study area (see Figures 4.1-4.3, section 

4.1 of Chapter Four and Tables 4.1-4.3). Facies signature recorded comprised of several 

deepening-upward and shallowing-upward sequences. 

5.2.1 Descriptions of deepening-upward or Transgression sequences  

 These sequences were apparently deposited during sea level rise or transgressions. These 

sequences comprised finer-grained facies (e.g. shale or sandy shale) on lapping on younger, 

underneath coarser-grained facies (e.g. sand or Shaley sand), which were fining-upward. Hence, 

these sequences at times were referred to as onlap sequences. Four transgression sequences were 

defined in well A at intervals 9980-9560 ft., 8760-6560 ft., 5300-5030 ft. and 3020-2930 ft., 

whereas two cycles of these sequences were recorded in each of Wells B and C at intervals 7760-

6030 ft., 5900-4860 ft. and 7900-5075 ft., 2675-1425 ft., respectively (see Figures 4.1-4.3, 

section 4.1 of Chapter Four and Tables 5.1-5.3). Four maximum flooding surfaces were also 

recorded above the transgressive sequences of well A at depths 9560 ft., 6560 ft., 5030 ft. and 

2930 ft., while wells B and C comprised two each at depths 6030 ft., 4860 ft. and 5075 ft., 1425 

ft., respectively.      
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Table 5. 1 Depositional sequences in well A 

Depth (Feet) Regression Sequence Transgression Sequence Surfaces 

2930-2350 Regression Not observed Not observed 

2930 Not observed Not observed MFS4 

3020-2930 Not observed Transgression Not observed 

3020 Not observed Not observed SB4 

5030-3020 Regression Not observed Not observed 

5030 Not observed Not observed MFS3 

5300-5030 Not observed Transgression Not observed 

5300 Not observed Not observed SB3 

6560-5300 Regression Not observed Not observed 

6560 Not observed Not observed MFS2 

8760-6560 Not observed Transgression Not observed 

8760 Not observed Not observed SB2 

9560-8760          Regression Not observed Not observed 

9560 Not observed Not observed MFS1 

9980-9560 Not observed Transgression Not observed 

9980 Not observed Not observed SB1 

 

Note: SB= Sequence boundary; MFS = maximum Flooding surfaces 

5.2.2 Descriptions of shallowing-upward or regression sequences 

These sequences were likely to be deposited during sea level fall. The sequences included 

coarser-grained facies (e.g. sandstone) off lapping underneath younger finer-grained facies, 

which were coarsening-upward. The sequences were sometimes referred to as offlap sequences. 

However, four regression sequences were included in well A at intervals  9560-8760 ft., 6560-

5300 ft., 5030-3020 ft. and 2930-2350 ft., two regressions cycles were defined in wells B and C 

at intervals 8300-7760 ft.,  6030-5900 ft.,  9525-7900 ft. and 5075-2675 ft., respectively (see 

Figures 4.1-4.3, section 4.1 of Chapter Four and Tables 5.1-5.3).  
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Table 5. 2 Depositional sequences for well B 

Depth (Feet) Regression Sequence Transgression Sequence Surfaces 

4860 Not observed Not observed MFS3 

5900-4860 Not observed Transgression Not observed 

5900 Not observed Not observed SB2 

6030-5900 Regression Not observed Not observed 

6030 Not observed Not observed MFS2 

7760-6030 Not observed Transgression Not observed 

7760 Not observed Not observed SB1 

8300-7760 Regression Not observed Not observed 

8300 Not observed Not observed MFS1 

 

 Four sequence boundaries were recognized above regression sequences in well A at depths 8760 

ft., 5300 ft., 3020 ft. and 2350 ft., while they  were recognized at depths 7760 ft., 5900 ft. and 

7900 ft., 2675 ft. in wells B and C, respectively.  

Table 5. 3 Depositional sequences for well C 

Depth (Feet) Regression Sequence Transgression Sequence Surfaces 

1425 Not observed Not observed MFS7 

2675-1425 Not observed Transgression Not observed 

2675 Not observed Not observed SB6 

5075-2675 Regression Not observed Not observed 

5075 Not observed Not observed MFS6 

7900-5075 Not observed Transgression Not observed 

7900 Not observed Not observed SB5 

9525-7900 Regression Not observed Not observed 

9525 Not observed Not observed MFS5 
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5.3 Sequence stratigraphy based on GR well log analysis 

GR-log analysis was carried out to identify LST, TST, HST, SB, MFS and TSE in wells A, B 

and C by using the sequence systems tracts identification methods of Vail and Wornardt (1990), 

Van Wagoner et al. (1990) and Mitchum et al. (1993). The systems tracts that comprised HST, 

TST, LST and key surfaces, which included SB, MFS, and TSE were recognized in this study 

and are discussed below. 

5.3.1 Lowstand systems tract (LST) 

 This systems tract, which was deposited during a relative fall in sea level phase, comprised sand 

sediments laid down in three stages. The first two stages of the lowstand formation produced 

lowstand fans (BFFC and SFC), whereas the last stage produces lowstand wedge (PGC) (Emery 

and Myers, 1996). During the first stage of sea level fall relatively clean and uniform sandstone 

with good reservoir quality (Vail, 1987) was deposited from riverine- derived sediment 

bypassing the exposed shelf and upper slope through the submarine channels to form the basal 

part of this lowstand tract. This lower part of the deposit is interpreted as BFFC, which is 

characterized by turbidite sands with   blocky GR-log appearance and sharp base and top 

contacts (Selley, 1985, 1998). The base of the BFFC matches the shape of the basin floor of the 

sea where it is widespread (Mitchum, 1985). The BFFC lies directly on the sequence boundary 

which includes a condensed section formed by the underlying highstand and transgressive 

systems tracts (Loutit et al., 1988). 

 BFFC was recognized on the GR-logs in this study at 6350-6330 ft., 6310-6270 ft., 6260-6170 

ft., 6160-6140 ft., 6060-6050 ft., 4360-4240 ft., 3840-3790 ft., 3200-3120 ft., 2990-2920 ft., 

2850-2710 ft., 2520-2490 ft., 2420-2230 ft. in well A; 7800-7760 ft., 5930-5910 ft. in well B, 

and 8550-9000 ft., 3500-4000 ft., 2800-3000 ft. in well C (Figures 5.5 -5.7 and Table 5.4).  

The second stage of sea level fall produced SFC that comprised the middle part of the LST and is 

younger than the underlying BFFC. It occurs when sediment-laden fluvial bypasses the exposed 

shelf and upper slope through the incised valleys and canyons, and is deposited in areas of rapid 

rate of sedimentation to produce turbidites sands (Damuth and Kumar, 1975; Mitchum, 1985; 

Weimer, 1990; Emery and Myers, 1996). It was characterized by coarsening upward sequences 

of sediment in the lower part, and by fining upward sequences in the upper part. SFC comprised 

a higher mud:sand ratio because of the cutting off of much of the sand that previously formed the 
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BFFC due to the flooding of stream mouths. SFC was identified on GR-logs in this study at 

9300-9140 ft., 4241-4163., 3790-3700ft., 3340- 3260 ft., 2855-2750 ft., 2340-2270 ft. in well A; 

7860-7800 ft., 7400-7300 ft., 5910- 5800 ft. in well B, and 9950-9550 ft., 8550-8200 ft., 6000-

5525 ft., 2800-2070 ft. in well C ((Figures 5.5-5.7 and Table 5.4).  

    The PGC, which formed at the latest stage of the relative base level fall and at the beginning of 

relative sea level rise, occurred in the uppermost part of the LST. It is characterized by 

progradational coarsening upward delta sediment that built basinward from the shelf edge and 

pinched out landward at the preceding shoreline (Emery and Myers, 1996). The sediments that 

composed PGC apparently relate to turbidite sands that filled the incised valleys developed 

during the relative fall of sea level in the early stages of sequence development (Vail, 1987; 

Posamentier and Vail, 1988). These turbiditie sands are now being recognized widely in the Gulf 

Basin as important reservoirs. PGC was represented on GR-logs in this study at 9140-8990 ft., 

5588-5530 ft., 4756-4660 ft., 3700-3630 ft., 3260-3120 ft., 2750-2640 ft., 2270-2180 ft. in well 

A; 7300-7200 in well B, and 8200-7950 ft., 5525-4500ft., 2075-1725 ft. in well C (Figures 5.5-

5.7 and Table 5.4).   

5.3.2 Transgressive systems tract (TST) 

The TST corresponds to sedimentation during a rapid sea level rise and continues until the  

highest rate of relative rise is reached. This systems tracts is composed of a set of back-stepping  

parasequences (Van Wagoner et al. 1990) that begins with the first marine flooding surface,  

TSE, above the PGC and spread across the shelf until the point of maximum marine  

transgression is achieved. During the formation of the TST the rate of continental sediment  

supply is highly reduced with corresponding increase in the rate of space generation because of  

the flooding of the continental shelf at this time (Emery and Myers, 1996). Therefore, TST is  

marked by the overlying MFS with a widespread marine shale deposition that results in the  

formation of the condensed section (Emery and Myers, 1996). The TST is likely to be best built 

up in inner neritic or very shallow marine water depths. It may produce good quality  

transgressive sand reservoirs. However, TST demonstrates a fining-upwards vertical profile  

appearance on GR-log. Hence, it is recognized on GR-logs in this study at 5530-5400 ft., 4610- 

4660, 4570-4520 ft., 4163-4025 ft., 3630-3558 ft., 3120-3060 ft., 2640-2490 ft.  in well A; 8020- 

7960 ft., 7200-7140 ft., 6100-6030 ft. in well B, and 7950-7350 ft., 4900-4700 ft., 1725-1550 ft.  

in well C (Figures 5.5-5.7 and Table 5.4). 
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Figure 5. 5 Sections from GR-log of well A show depositional sequence elements 
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Figure 5.5 cont. Sections from GR-log of Well A showing Depositional Sequence elements 
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Table 5. 4 The Sequence systems tract and key sedimentary surfaces recognized from GR-   
                    logs of wells A, B and C  
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SB 

9365, 5190, 4570, 4430,  
3490, 3840, 2950, 2420 

 
7500, 7100, 5930 

9000, 7175, 3000  
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- 

5400-5190, 4610-4570,  
4520-4440, 4020-3890, 
3558-3490, 3060-3030, 

24902450 

 
 

7140-7100, 6033-5930 

 
 

7350-7175, 4700-4325 and 
1550-1300 

- MFS 5400, 4610, 4025, 3060, 2490 7140, 6030 7350, 4700, 1550 

   
   

   
   

   
   

   
   

   
   

  T
S

T
 - 5530-5400, 4660-4610 

4570-4520, 4163-4025, 
3630-3558, 30603120, 

2640-2490  

 
8020-7960, 7200-7140, 

6100-6030 

 
7950-7350, 4900-4700,  

1725-1550 

- TSE 5530, 4660, 3630, 2460 7200 7950, 4900 and 1725 

   
   

   
 

   
   

   
 LS

T
 

 
 
 

- 

9365-8980, 5580-5530, 
4756-4660, 4430-4160 
3840-3630, 3490-3120, 
2950-2640, 2420-2180 

 
 

7960-7690, 7500-7200 
5930-5800 

 
 

9950-9550, 9000-7950, 
6000-4900, 4000-3500, 

3000-1725 
     

5.3.3 Highstand systems tract (HST) 

 This systems tract is formed during two stages of relative rise of sea level. The first stage, which 

produces aggrading HST when the rate of sediment supply was equal to the rate of space 

generation to accommodate the sediments due to slow relative rise of base level. This results in 

the production of thick depositional sequences without overall shallowing-up (Emery and Myers, 

1996). In contrast, the second stage produced a progradational HST when the rate of sediment 

supply is greater than the rate of accommodation space resulting from relative sea level fall. 

Therefore a progradational sequence of shallowing-upward sequence is formed, and which 

displays a coarsening-upwards vertical profile on the GR-log. 
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Figure 5. 6 Sections from GR-log of Well B showing depositional sequence elements 
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Figure 5. 7 Sections from GR-log of Well C showing Depositional Sequence elements 

The HST is commonly underlain by the maximum flooding surface with the top covered by 

deltaic and shoreface sands. The highstand tract formed a poor quality reservoir sand with 

uncommon up-dip sealing rocks, and the underlying mudstone may be a good source rock. This 

systems tract is represented on the GR-logs in this study at intervals 5400-5190 ft., 4610-4570 

ft., 4520-4440 ft., 4020-3890 ft., 3558-3490 ft., 3060-3030 ft, 2490-2450 ft. in well A; 7140-
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7100 ft., 6033-5930 ft. in well B, and 7350-7175 ft., 4700-4325 ft. and 1550-1300 ft. in well C 

(Figures 5.5-5.7 and Table 5.4). 

5.3.4 Sequence Boundary (SB) 

 These surfaces occur in proximal position as the surface that separates a prograding unit from the 

overlying retrograding unit (Emery and Myers, 1996) and  everywhere there are coarsening-up 

and fining –up units and correspondingly, the SB may be a GR-minimum value(Emery and 

Myers, 1996).  The SB also marked the turn-around between progradation and retreat. These 

surfaces are encountered on GR-logs in this study at depths 9365 ft., 5190 ft., 4570 ft., 4430 ft.,  

 3490 ft., 3840 ft., 2950 ft., 2420 ft. in well A; 7500 ft., 7100 ft., 5930 ft. in well B, and 9000 ft., 

7175 ft., 3000 ft. in well C (Figures 5.5-5.7and Table 5.4).  

5.3.5 Maximum flooding surfaces (MFS) 

These surfaces are defined in proximal position as surfaces that separate a retrograding unit from 

the overlying prograding unit and anywhere that these are fining-up and coarsening-up units 

respectively, the MFS will be a GR-maximum value (Emery and Myers, 1996). MFS marks the 

turnaround from TST to HST and is generally believed to correspond to the deepest water depth 

in a sequence that signifies the utmost landward degree of marine conditions (Emery and Myers, 

1996). These surfaces are represented on GR-logs in this study at depths 5400 ft., 4610 ft., 4025 

ft., 3060 ft., 2490 ft. in well A, 7140 ft., 6030 ft. in well B and 7350 ft., 4700 ft., 1550 ft. in well 

C (Figures 5.5-5.7 and Table 5.4).  

5.3.6 Transgressive surfaces of erosion (TSE) 

 These surfaces are defined as surfaces of first maximum flooding, which mark the beginning of 

transgressive sequence formation and commonly separate LST from TST. These surfaces are 

recognized on GR-logs in this study at depths 5530 ft., 4660 ft., 3630 ft., 2460 ft. in well A, 7200 

ft. in well B and 7950 ft., 4900 ft., 1725 ft. in well C (Figures 5.5-5.7 and Table 5.4).  
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Figure 5.8 Schematic diagram showing inferred depositional environment and squence model in the study area. 

Note: HST=Highstand systems tracts; TST=transgressive systems tracts; LST=lowstand systems tracts 
          MFS=maximum flooding surface; SB=sequence boundary; TS=transgressive surface 
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 5.3.7 Depositional environment and sequence model for this study 

A possible depositional environment and sequence model (Figure 5.8), derived from the GR 

log facies, lithofacies and palynofloral study, demonstrates that paleoenvironment in this part 

of Niger Delta Basin are both delta and submarine complexes. In addition, the effect of global 

climatic changes, local subsidences and depositonal processes resulted into depositional 

systems tracts,  boundaries and surfaces.  
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CHAPTER SIX 
DISCUSSION AND CONCLUSION 

6.0 Discussion of Findings 

6.1 Palynofloral 

The detailed palynofloral assessment of the three wells revealed abundant and diverse  

palynomorph occurrences in the deep offshore Cenozoic Niger Delta. These comprised  

angiosperm pollen, pteridophyte / bryophyte spores, freshwater algae, dinoflagellate cysts,��

microforaminiferal wall linings, silicoflagellates, diatom frustules, scolecodonts and  

fungal elements. The angiosperm pollen constituted 79-85 % of the palynomorph  

assemblages in the studied wells as also reported in Oboh- Ikuenobe, (1992), Ige (2011), Ige  

et al. (2011), Adebayo et al. (2012), Ojo and Gbadamosi (2013). Besides, the angiosperm  

flora is dominated by Zonocostites ramonae, which constituted about 50-90 % of the total  

recovered palynomorphs in the studied wells. Z. ramonae is a mangrove species that is  

believed to have evolved in Nigeria in the Oligocene and still exists today (Kuyl et al., 1955).  

Monoporites annulatus, Psilastephanocolporites spp. and Psilatricolporites crassus followed  

Z. ramonae in the order of abundance in the studied well. Pteridophyte / bryophyte spores,  

fungal spores and freshwater algae made up 9-10 %, 4-5 % and 1-2 % respectively with rare  

occurrences of marine palynomorphs. Verrucatosporites spp., Laevigatosporites spp.,  

Stereisporites sp. and Acrostichum aureum, in this order, dominated the  

pteridophyte/bryophyte spores. The results indicated an absence of montane pollen  

(elsewhere represented by Podocarpus milanjianus) in wells A and B, whereas there were  

moderate numbers of this species in well C. This indicates that wind transportation of  

palynomorphs is an important factor in the deposition of sediments penetrated by well C. In  

contrast, water was the prevailing transport agent of sediments recorded from wells A and B  

(Knaap, 1971; Rull, 2001; Samant and Phadtare, 1997). However, a recent publication by  

Umeji and Nwajide (2013) also agreed that the co-occurrence of Podocarpus milanjianus and  

Alnipollenites verus in the brown coal sample from Mpu  Formation, in Southeastern Nigeria  

suggested the possibility of the wind and river transportation of sediments to the Cenozoic  

Niger Delta Basin. The results indicated a very rare occurrence of silicoflagellates and diatom  

frustules. This was probably due to the incomplete digestion process of the sediment as also  

reported in Sciscio et al. (2013). 
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6.2 Palynostratigraphy 

Palynostratigraphic appraisal revealed that the ages of wells A and B ranged from Late  

Miocene (P860 Subzone) to Early-Late Pliocene (P870 Subzone), whereas well C is Early  

Pliocene (P880 Subzone) to Pleistocene (P900 Subzone) (Evamy et al., 1978). The  

quantitative base occurrence of Retistephanocolpites gracilis marked the boundary between  

Miocene and Pliocene in wells A and B at depths 8360 feet and 7170 feet, respectively. The  

boundary is dated to be around 5.2 Ma (Discoaster quinqueramus, Morley and Richard,  

1993; Figure 2.7). The quantitative base occurrence of Podocarpus milanjianus at 7600 feet  

in well C defined the boundary between Pliocene and Pleistocene suggested to be around 2.1  

Ma (Gephyrocapsa miocenica, Morley and Richard, 1993; Figure 2.7). However, the zones  

P800 and P900 are correlated with the Pan-tropical Echitricolporites spinosus Zone of  

Germeraad et al. (1968) and J2-J3 Zone of Legoux (1978) (Figure 1.4) as reported by  

Durugbo et al. (2010) and Boboye and Ademola (2013). Muller et al. (1987) recognized the  

pan-tropical Echitricolporites spinosus Zone to correspond to the Late Miocene- Pleistocene  

age in the northern South American basin, while Ojo and Gbadamosi (2013) defined  

Early/Late Pliocene boundary of zone P800 by the top occurrence of Gemmamonoporites  

sp. In addition, zone P800 was further subdivided into floral zones M2, M1, P7, P6-P5, P4,  

Lower P3, Upper P3, P1, Lower P0, Upper P0 and zone P900 was subdivided into floral  

zones Q1, Q3-Q2, Q4, Upper Q6-Q5 and Lower Q6 of Morley and Richard (1993; Figures  

3.10- 3.15). First increased occurrences of Botryococcus braunii at 3370 feet in well C  

defined the base of floral zone Q3-Q2, which suggested being around 1.4 Ma  

(Helicosphaera sellii, Morley and Richard, 1993; Gartner, 1977; Figure 2.7). The base of  

floral zone Q6-Q5 is marked by second increased occurrence of Botryococcus braunii at  

4270 feet dated to be around 1.8 Ma (Discoaster brouwser, Morley and Richard, 1993;  

Berggren et al. 1995; Figure 2.7). The base of floral zone Lower Q6, marked by the  

quantitative base occurrences of Podocarpus milanjianus at 7600 feet, was equivalent to the  

base of subzone P900 of Evamy et al., 1978. The base of floral zone P3 of subzone P870,  

defined by increased occurrences of Psilastephanocolporites sp. at 5510 feet and 5550 feet  

in wells A and B, respectively, suggesting an age of about 4.1 Ma (Gephyrocapsa demitre,  

Morley and Richard, 1993; Figure 2.7). The increased occurrences of Monoporites annulatus  

marked the base of P7, which is approximately equal to the Upper Miocene/ Pliocene  

boundary and suggested an age of about 5.2 Ma (Discoaster quinqueramus, Morley and  

Richard, 1993; Figure 2.7).  
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6.3 Palaeoecology and Palaeoclimate  

The recovered palynomorphs were related to about 50 modern relatives (Germeraad et al.,  

1968; Salard- Cheboldaeff, 1981; Sowunmi, 1981; Frederiksen, 1985; Rao, 2001; Rull, 2003;  

Eisawi and Schrank, 2008 and Durugbo, 2010) and were grouped into eight ecological groups  

namely mangrove, beach, brackishwater swamp, freshwater swamp, lowland rainforest,  

palmae, montane and savanna. Based on the modern correlations five vegetation zones or  

phytoecological unitswere recorded from Late Miocene-Middle Pliocene for wells A and B,  

whereas six vegetation zones were recorded from Late Pliocene-Pleistocene for well C as  

discussed below. 

6.3.1 Late Miocene-Pliocene palynofloral zones-I to V in wells A and B 

Palaeoecological and palaeoclimatic analysis revealed that the Late Miocene of the studied 

area is characterized by a reduction in mangrove pollen represented by Zonocostites ramonae 

and an increment of Poaceae pollen represented by Monoporites annulatus as is evident in 

palynofloral zone-I of wells A and B. This suggested that the climatic condition during the 

Late Miocene was drier, which indicates a sea level fall during this period. Oboh- Ikuenobe 

(1992) and Vermoere et al. (1999) also reported similar drier climatic conditions in the Niger 

Delta and Southwestern Turkey, respectively, based on the relative abundance of Poaceae 

pollen in the sediments from these areas. 

In the Early Pliocene, there are fluctuations in the percentage occurrences of mangrove and 

Poaceae pollen that indicate unstable climatic conditions (see the palynofloral zones-II and III 

of wells A and B). This period was characterized by alternation of wet and dry climates 

which indicate repeated cycles of sea level rise and fall within a short period. Ige (2009) 

reported that the Late Tertiary period is characterized by similar unstable wet and dry 

climatic conditions with the dominance of mangrove vegetation in the Niger Delta.  

In the Middle Pliocene there is a reduction in the Poaceae pollen with corresponding 

increment in the mangrove pollen as revealed in palynofloral zones-IV and V in wells A and 

B, which suggest wet climatic conditions and sea level rise at this time, as also reported by 

Muller (1959), Muller and Caratini (1977), Dupont and Weinelt (1996). This inference was 

further corroborated by the abundance of fungal spores in these vegetation zones. According 

to Singh et al. (2011) the presence of many fungal taxa implies a high frequency of sufficient 

humidity at the time of sedimentation. Moreover, Morley and Richards (1993) reported that 

the Late Miocene is characterized by aridity due to high frequencies of Gramineae cuticle, 
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while alternation of dry and wet climatic conditions typified the Late Pliocene-Pleistocene 

based on fluctuation in frequency of these palynomorphs recovered from the Late Cenozoic 

Niger Delta. 

6.3.2 Late Pliocene-Pleistocene palynofloral zones-VI to XI in well C 
The Late Pliocene in the Niger Delta area is characterized by a reduction in mangrove pollen 

with corresponding increase in the percentage occurrence of Poaceae pollen as shown in 

palynofloral zone-VI in well C. This indicates that the prevailing climatic condition during 

this period is dry with low sea level (Oboh, 1992; Vermoere et al., 1999; Ige, 2009, 2011; Ige 

et al., 2011).   

The percentage occurrence of mangrove pollen increased with a corresponding reduction of 

Poaceae pollen during the Early Pleistocene (as seen in palynofloral zones-VII and VIII in 

well C), implying a wet climate and sea level rise during this time (Muller, 1959; Muller and 

Caratini, 1977; Dupont and Weinelt, 1996).   

Low occurrence of mangrove characterized the palynofloral zone-IX with corresponding 

increment of Poaceae pollen, which suggest a short period of drier climatic conditions during 

this time.   

The Late Pleistocene in the studied area is distinguished by increases in mangrove pollen in 

association with the reduction in Poaceae pollen as represented in palynofloral zones- X and 

XI in well C. This assemblage indicates wet climatic conditions that are associated with sea 

level rise (Muller, 1959; Muller and Caratini, 1977; Dupont and Weinelt, 1996). The 

abundant occurrence of fungal spores in palynofloral zones-VII, VIII, X and XI suggests 

adequate humidity during the deposition of sediment in the study area at this time (Singh et 

al., 2011).   

6.4 Depositional Environment (Palaeoenvironent) 

A critical analysis of the palynofloral assemblage revealed that the sediments were deposited 

in three main environments namely nearshore, shallow marine and deep marine depositional 

environments. In the Late Miocene, sediments that comprised palynofloral zones-I in wells A 

and B was made up mainly of land-derived palynomorphs, suggesting a nearshore 

depositional environment (Frederiksen, 1985; Oyede, 1992). This is followed by deposition 

of sediments with dinoflagellate cyst Polysphaeridium zoharyi and microforaminiferal wall 

linings that made up palynofloral zones- II and III in the early part of Early-Pliocene. This 
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assemblage suggests shallow marine (inner neritic) depositional environments (Wrenn and 

Kokinos, 1986) in the area. Wall et al. (1977) and Martin and Westphal (1999) reported 

usage of Operculodinium spp and Polysphaeridium zoharyi for inferring shallow marine 

depositional environments in Clino cores, Bahamas.   

In addition, silicoflagellates (see sections 3.1 and 6.2) Distephanus boliviensis, Naviculopsis 

robusta, diatoms Coscinodiscophyceae (see sections 3.1 and 6.2), dinoflagellates  

 Nematosphaeropsis labyrinthea, Impagidinium spp. in association with few occurrences of 

freshwater algae Botryococcus braunii, Pediastrum spp. and Concentricytes circulus 

constituted palynofloral zones-IV, V and VI in wells A, B and C that were deposited during 

Early Pliocene-Middle Pliocene. This assemblage indicates a deep marine depositional 

environment with freshwater incursions in the Niger Delta area during this period (Harland, 

1983; Wrenn and Kokinos, 1986) or it could likely be prodelta environment. Edwards (1986) 

and Westphal and Munnecke (1997) inferred deep marine depositional environments in South 

Carolina, U.S.A and Clino cores, Bahamas using Nematosphaeropsis spp. and Impagidinium 

spp., respectively. 

Sediments that comprised palynofloral zones-VII, VIII, X in well C that were deposited in the 

Middle Pliocene-Pleistocene contained Operculodinium centrocarpum, Polysphaeridium 

zoharyi, Brigantedinium spp., Lejeunecysta spp.,  and diatom frustules with freshwater algae 

Botryococcus braunii. This palynofloral assemblage suggests shallow marine (inner-outer 

neritic) depositional environments (Edwards, 1986; Wrenn and Kokinos, 1986) with influxes 

of freshwater. Wall et al. (1977) and Martin and Westphal (1999) also inferred shallow 

marine depositional environments in Clino cores, Bahamas using Operculodinium spp. 

On the other hand, sediments that made up palynofloral zones IX and XI in well C, were also 

deposited during Middle Pliocene-Pleistocene, with dinoflagellate cysts Nematosphaeropsis 

labyrinthea, Spiniferites pseudofurcatus, Impagidinium spp., Operculodinium israelianum, 

scolecodonts and freshwater algae Botryococcus braunii.  These palynofloral taxa suggest 

deep marine (outer neritic-oceanic) depositional environment for well C during this period 

(Harland, 1983; Wrenn and Kokinos, 1986; Westphal and Munnecke, 1997). It can be 

inferred that there was a change in the depositional environment that showed a regular pattern 

from nearshore to deep marine during Late Miocene-Early Pliocene, which is possibly caused 

by continuous fall in sea level. On the other hand, the Middle Pliocene-Pleistocene period is 

marked by erratic change in depositional environment due to the unstable sea level.    
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Finally, the results of the integrated study of well log and sedimentological data revealed that 

the three major depositional environments deduced in this study can be further sub-divided 

into five sub-environments. These comprised fluvial or deltaic distributary channel, tidal 

channel, submarine channel, regressive marine and prograding delta (Table 6.1). 

Table 6. 1 Sub-environments of deposition for wells A, B and C 

GR-Log  
Succession 

Depositional sub-
environment 

Well A 
Depth (Feet) 

Well B 
Depth (Feet 

Well C 
Depth (Feet 

  
B

el
l-s

ha
pe

d 
B

ox
ca

r-
sh

ap
ed 

 
Fluvial or deltaic 

distributary 
channel 

 

Tidal channel 

9300-8990 
4360-4230 
3840-3790 

(3120-3060) 
2950-2890 

 

(8020-7960) 
7860-7760 

(7220-7140) 
5930-5910 

 

(8550-8400) 
(8250-8200) 
(4900-4700) 
4000-3500 
3000-2800 

(1700-1550) 
3700-3630 
2420-2340 

(4150-4030) 
(3630-3560)  

 
Not  

observed 

 
Not  

observed 

     Submarine channel 4170-4230 
(3560-3490) 

Not  
observed 

Not  
observed 

   
 F

un
ne

l- 
   

  s
ha

pe
d 

Regressive marine 3530-2600 Not  
observed 

Not  
observed 

 
Prograding delta 

5310-5190 
4758-4670 
 4000-3890 

7960-7860 
7300-7220  
6030-5935 

8050-7950 
5950-5525 
4700-4350 
1550-1300 

 
Note: Sample depths in parenthesis indicated depth intervals characterized by bell-    
          shaped motifs. 
 

The deltaic distributary channel, a sub-environment that belongs to the deltaic system 

complex, is recorded in wells A, B and C and is interpreted to have been formed during the 

first stage of prograding sea level fall (Emery and Myers, 1996; Table 6.1). It usually has a 

sharp base that is interpreted as a sequence boundary and is commonly filled with moderate 

to well sorted, uniform and blocky sand-grain size sediments with a good reservoir quality. 

The top of this sand is covered by mud-rich sediment that formed an excellent sealing rock to 

prevent the hydrocarbons from migration from this reservoir rock. Oboh (1992) reported 

distributary channel-filled sandstone as a good reservoir rock in the Middle Miocene Kolo 

Creek oil field, Niger Delta, Nigeria.  

In addition, tidal channels that occurred in well A (Table 6.1) are usually dominated with 

moderate to well sorted sand deposits (Oboh et al., 1992; Emery and Myers, 1996). They 
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characterized by a sharp base and commonly filled with fining-upward sand sequence in 

association with the top being covered by muddy sediments. The tidal channel sand usually 

forms a good quality reservoir rock with a sealing rock capacity on top.  

The submarine channels, which are believed to have been built steadily by progradation of 

the base level fall, are recorded in sections of well A (Table 6.1).  This sub-environment 

comprised fining-upwards sequences of sediments ranging from coarse-grained sand at the 

base to fine-grained, impermeable pelagic mud at the top (Selley, 1985). Submarine channel 

sands are interpreted to be deposited by turbidite systems and responsible for the deposition 

of most continental-slope sandstone, which are confirmed to be one of the most common kind 

of hydrocarbon reservoirs in the world (Weimer et al. 2000; Posamentier and Kolla, 2003; 

Weimer and Slatt, 2007). Babonneau et al. (2010) and Straub et al. (2011) reported similarity 

in the architecture of the meandering river systems and sinuosity of submarine channels 

recorded in the Congo turbidite systems and offshore Southwestern Borneo, respectively. To 

date submarine channels have received little attention and remain the least understood deep-

water sedimentary processes (Kane and Hodgson, 2011). 

Furthermore, the regressive marine and prograding delta depositional sub-environments that 

formed when there is a drop in the base level of the sea are recorded in wells A, B and C 

(Table 6.1). These sub-environments are characterized by deposition of coarsening-upwards 

sediments ranging from basal marine shale to continental coarse-grained sand at the top 

(Selley, 1985). The basal organic mud-rich deposits underlying the regressive marine and 

prograding deltas may be a high-quality kerogen supply in the study area (Chow et al. 2005). 

The intercalation of marine mudstone and sandstone that are recorded in this study are typical 

of deposits occurring underneath the paralic sandy sediments of the Agbada Formation in the 

Niger Delta.  

6.5 Sequence stratigraphy 

The critical appraisal of recorded palynomorph taxa that are sequence systems tract indicators 

revealed some transgression and regression sequences in the deposition of sediments 

penetrated by the studied wells. Three transgressive (TST) systems tracts ) were recorded in 

well A, while one and two were recorded in wells B and C, respectively. Four lowstand 

systems tract (LST) were recorded in well A, whereas three each were recorded in wells B 

and C. In addition, one highstand systems tracts (HST) were recorded in well B, whereas two 

each were recorded in wells A and C. This suggests that palynomorph assemblages can play 
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an important role in the reconstruction of past sea level fluctuation and as a means of 

predicting possible system tracts to raise confidence in the interpretation of depositional 

sequences (Erhart, 1964; Fredoux and Tastet, 1976; Caratini and Tissot, 1985; Morley and 

Flenley, 1987). It can be inferred that mangrove (Zonocostites ramonae), freshwater swamp 

and lowland rainforest communities flourished during relative sea level rises that correspond 

to a warm and wet climate. This suggest that transgression typified by TST/HST as noted by 

Poumot (1989), Morley (1995), Armentrout et al., (1999), and Van Der Zwan and Brugman 

(1999). Conversely, abundant Monoporites annulatus and pteridophyte/bryophyte spores (due 

to their resistance wall to survive tear and wear during transportation) suggested a period of 

relative sea level fall, which is interpreted to be a regressive sequence and LST deposition at 

this time.  

In addition, lithofacies analysis of wells A, B and C also identified sequence systems tracts in 

the form of transgressive and regressive cycles, which approximately have the same pattern 

as those recorded from palynomorphs taxa (Figures 4.1-4.3; Tables 6.2-6.4).  These 

sequences occurred within almost the same depth interval ranges in wells A, B and C (Tables 

6.2-6.4), implying that lithofacies analysis could relatively be considered well for interpreting 

depositional sequences. However, the depositional systems tracts resulted by palynofloral 

methord is more valid (in my own opinion) due to the sensitive reaction of  plant to the 

climate change. 

Table 6. 2 Comparison of results of the depositional sequences from palynofloral and        
                 lithofacies analyses for well A 

  Depositional 
Sequences 

Depth interval range(Feet) of  
recorded depositional sequence  

by palynofloral analysis 

Depth interval range (Feet) of  
recorded depositional sequence   

by lithofacies analysis 
Transgression-1 9920-9500 9980-9560 

Regression-1 9500-8200 9560-8760 
Aggradation sequence-1 8200-7500 Not observed 

Transgression-2 4100-3600 8760-6560 
Aggradation sequence-2 5000-4600 Not observe 

Regression-2 7150-5000 6560-5300 
Transgression-3 3000-2300 5300-5030 

Regression-3 4600-4100 5030-3020 
Transgression-4 Not observed 3020-2930 

Regression-4 3600-3000 2930-2350 
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In recent times, the hierarchy of transgressive and regressive cycles (“T-R units”) is useful 

for regional correlation and interpretation of the depositional sequence of some basins (Ryer, 

1983; Busch and Rollin, 1984; Busch et al., 1985; Galloway, 1989). 

Table 6. 3 Comparison of results of the depositional sequences from palynofloral                             
                   and lithofacies analyses for well B 

  Depositional 
Sequences 

Depth interval range(Feet) of 
recorded depositional sequence 

by  palynofloral analysis 

Depth interval range (Feet) of  
recorded depositional sequence   

by lithofacies analysis 
Regression-1 8340-8125 8300-7760 

Transgression-1 8100-6600 7760-6030 
Regression-2 6600-5400 6030-5900 

Aggradation sequence-1 5400-4900 Not observed 
Transgression-2 Not observeed 5900-4860 

Regression-3 4900-4800 Not observed 

 

Table 6. 4 Comparison of results of the depositional sequences from palynofloral                                
                    and lithofacies analyses for well C   

Depositional 
Sequences 

Depth interval range(Feet) of  
recorded depositional sequence  

by palynofloral analysis 

Depth interval range (Feet) of  
recorded depositional sequence   

by lithofacies analysis 
Regression-1 8950-7300 9525-7900 

Transgression-1 7300-5700 7900-5075 
Aggradation sequence-1 5700-4800 Not observed 

Regression-2 4800-3800 5075-2675 
Aggradation sequences-2 3800-2700 Not observed 

Transgression-2 2700-1630 2675-1425 
Regression-3 1630-1300 Not observed 

 

6.5.1 Correlation between palynofloral zones and sequence stratigraphy of wells A, B 
and C  

The superimposition of the palynofloral zones on the depositional sequences revealed that 

palynofloral zone-V of well A approximately correlates with regression and transgression 

sequences- 4 and 3, respectively. Regression, transgression and aggradation sequences- 3, 2 

and 2, respectively, fell within palynofloral zone-IV, while transgression sequence-1 and 

regression sequence-1 fell within floral zone-I. Regression and aggradation sequences- 2 and 

1 correlate with palynofloral zones- III and II, respectively. In addition, the upper boundaries 

of palynofloral zones-I and III in well A correlate with regression sequences-1 and 2 (Figure 

6.1).  
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In addition, palynofloral zone-I in well B correlates with regression sequence-1 and 

transgression sequence-1 falls within palynofloral zones-II and III, while palynofloral zone-

IV falls within regression sequence-2 and aggradation sequence-1 falls within palynofloral 

zone-V (Figure 6.2).  

 

Figure 6. 1  Correlation of palynofloral zones with sequence stratigraphy in well A 

 
The upper boundaries of palynofloral zones-IV, III, and II lie approximately within 

regression and transgression sequences-2 and 1, respectively, whereas the boundaries of 

palynofloral zones-I and III correlate with regression and transgression sequences-1, 

respectively,  in well B (Figure 6.2). Finally, palynofloral zones-VI and VII in well C nearly 

matched with regression sequences-1 and transgression sequence-1, respectively. 

Aggradation and regression sequences-1 and 2, respectively, fell within palynofloral zones-

VIII and IX respectively, whereas aggradation sequence-2 fell within palynofloral zone-X, 

while transgression and regression sequences-2 and 3 fell within palynofloral zone XI. The 

upper boundaries of palynofloral zones- VI, VII, VIII and X are correlated with  regression 

sequence-1 and 2, transgression sequence-1 and aggradation sequence-2, respectively, in well 

C (Figure 6.3).   

The relationship between palynofloral zones and sequence stratigraphy in this study suggests 

that climatic condition is not the only factor controlling depositional sequence linked to sea 
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level changes. Other factors such as fault movement, subsidence and depositional processes, 

likely played important roles in this regard in the study area.   

 

 

Figure 6. 2  Correlation of palynofloral zones with sequence stratigraphy of well B 

 
Iannuzzi et al. (2007, 2010) reported a close relationship between the boundaries of 

palynozones and maximum flooding surfaces in lower Permian of the southern Brazilian 

Paraná Basin, which they attributed to the effect of climate changes linked to eustatic 

fluctuations. Conversely, the non-correlation of plant zones with the stratigraphic boundaries 

in the analyzed intervals implied that depositional processes controlled the plant zones in 

their study area rather than climate.   

6.5.2 Lowstand, transgressive and highstand sequence systems tracts in wells A, B and 
C 
LST was interpreted in the wells to comprise lowstand BFF, SF and PG sand complexes that 

were deposited when base level of the sea was low; therefore the rate of accommodation 

space formation was lower than the rate of the clastic sediment supply at this time. This 

systems tract was also characterized by high frequency of Poaceae pollen and fern spores as 

also reported by Poumot (1989) and Morley (1995). The sand constituents of this sequence 
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have been reported to be of good quality reservoir rocks in the Niger Delta basin (Ozumba, 

1995; Ehinola and Ejeh, 2009; Onyekuru et al. 2012).  

   

 
�

Figure 6. 3  Correlation of palynofloral zones with sequence stratigraphy in well C  

 
The TST included fining-upward sequences of sediments that graded from transgressive 

clastic sands at the base to the retrogradational marine shale at the top. They are attributed to 

relative rise in the base level of the sea. It is suggested that during the last stage of the relative 

sea level rises, the deltaic progradation ceased and much of the transgressive sands were 

trapped up-dip in the estuaries. The starving of the transgressive sands at this stage led to the 

deposition of retrogradational marine shale in the later stage of formation of this sequence 

(Ehinola and Ejeh, 2009; Onyekuru et al. 2012). This sequence also contained abundant 

mangrove pollen, which was interpreted to be widespread during the relative high sea level 

(Poumot, 1989; Morley, 1995) that is prevalent at this time. The retrogradational marine shale 

and transgressive continental sand that characterized this sequence have been described as a 

good quality sealing and reservoir rock, respectively, in the Niger Delta basin (Ozumba, 

1995; Ehinola and Ejeh, 2009; Onyekuru et al. 2012).  

Finally, HST, which was recorded in this study, comprised shoreface sands that were 

deposited during periods of sea level fall. This systems tract displays coarsening-upwards 

sequences that prograded from basal marine shale to continental sands at the top. The 
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underlying marine shales are good quality source rocks (Ehinola and Ejeh, 2009; Onyekuru et 

al. 2012).      

6.5.3 Maximum flooding surfaces (MFS), sequence boundaries (SB) and sequence 
stratigraphy correlation in wells A, B and C 
Sequence stratigraphic correlation was carried out by using the recognized constrained 

chronostratigraphic surfaces MFSs and SBs in wells A, B and C. These key sedimentary 

surfaces were dated with the aid of the chronostratigraphic correlation charts, an adaptation of 

the global chronostratigraphic chart of Haq et al., 1988 (Figures 6.4 and 6.5), and thereafter, 

the equivalent depths of the dated surfaces in the studied wells were located. Although many 

sedimentary surfaces were recognized in this study (Tables 4.1-4.3 and 5.1) only four MFSs 

and three SBs could be dated herein with the global chronostratigraphic chart. This implied 

that these surfaces and boundaries resulted from global climatic changes, while the other ones 

that could not be correlated with the global chronostratigraphic chart are likely to be caused 

by local factors such as fault movement, subsidences and depositional processes.  

A MFS dated at 5.8 Ma on the global cycle chart (Figure 6.4) was inferred at depth 9500 feet 

of well A located below subzone P860 of Evamy et al. (1978). This MFS was correlated to 

depth 8300 feet in well B (with no depth equivalent in younger sediment that composed well 

C). In addition, a second MFS dated at 5.0 Ma on the Niger Delta cycle chart (Figures 6.5) 

was deduced at depth 6560 feet of well A and occurred between subzones P860 and P870. 

This was correlated to depth 6000 feet in well B. The 3.9 Ma MFS was located in well C at 

depths 9525 feet and located below subzone P880 with no equivalent depth in the older 

sediments in wells A and B.   

Finally, the 2.0 Ma MFS occurred in well C at depth 7350 feet which was located at the base 

of floral zone Q6 of Morley and Richards (1993) within subzone P900. This MFS has no 

depth equivalent in wells A and B. The SB at 5.5 Ma, which occurred below subzone P860, 

was located at depth 9360 feet in well A and correlated to depth 7800 feet in well B (without 

corresponding depth in well C). The SB at 4.1 Ma that was located above subzone P870 at 

depth 5550 feet in well B was correlated to depth 5300 feet in well A. Finally, SB at 3.0 Ma 

occurred above subzone P880 at depth 9000 feet in well C. Mitchum et al (1993) dated the 

sequence boundary surfaces of Gulf of Mexico using global cycle chronostratigraphic chart 

of Haq et al. (1988), while Onyia et al. (2002) and Nton and Esan (2010) used the Niger 

Delta chronostratigraphic correlation chart for the dating of the sedimentary surfaces of the 

Niger Delta basin.  
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Figure 6. 4 Miocene-Pleistocene chronostratigraphic correlation chart (from Wornart and Vail, 1991; 
                                                                                                            modified by Mitchum et al., 1993)
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Figure 6. 5 Niger Delta Cenozoic chronostratigraphic correlation chart (Haq et al., 1988) 
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6.6 Graphic correlation of wells A, B and C 

Graphic Correlation is a quantitative, but non-statistical technique to determine the coeval  

relationships between two sections by comparing the total stratigraphical ranges of taxa in  

both sections (Shaw, 1964; Miller, 1977, 1980, Edwards, 1989) . One of these is designated  

as the Composite Standard Section (CSS). Graphic correlation compares the rate of sediment  

accummulation in one section with that of the other and thus enables a stratigrapher to  

consider the sedimentological events along with the biostratigrahic events. This allows the  

estimation of the subsidence rates and measurement of hiatuses in an area.  

Last and first appearances designated as bases “o” and tops “+”, respectively, of all taxa  

(APPENDIX A5) in wells A (CSS), B and C were plotted in two-axis graphs. The graphs 

 are shown in Figures 6.6 and 6.7 below.  

�

Figure 6.6 Graphic correlation plot of biostratigraphic events from wells A (as 
composite section) and B, “o” represents last appearance (bases) and “+” 
represents first appearance (tops) (Statistic: Slope = 0.45, Intercept = 3596, r = 
0.907, r2 = 0.82265, Permutat. (p) = 0.0001, p(a=1) = 4.6807E-32, a = [0.4169; 
0.4762], b = [3345; 3903]). 
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CSS was plotted on X-axis against wells B and C-sections on the Y-axis and lines of best fit  

known as Line of Correlation (LOC) were drawn (Shaw, 1964; Miller, 1977; 1980). The  

Slope values obtained from LOC of graphs of CSS vs. wells B   and CSS vs. well C, are 0.45  

and 1.1,  respectively.  According to Shaw (1964), these values indicate relative rate of rock  

accumulation between the studied wells.  

 

�

Figure 6.7 Graphic correlation plot of biostratigraphic events from wells A (as 
composite section) and C. “o” represents last appearance (bases) and “+” 
represents first appearance (tops) (Statistic: Slope = 1.1, Intercept = -1714.7, r = 
0.935, r2 = 0.875, Permutat. (p) = 0.0001, p(a=1) = 0.269, a = [0.9881; 1.11], b = [-
2333; -1008]).  

Graphic correlation plots in Figures 6.6 and 6.7 showed a continuous linear trend. This   

indicated that there were continuous deposition of sediments in wells A, B and C without  

obvious evidence of an erosion, unconformity and fault that would have truncated the  

continuity of the rock accumulation. In addition, graphic correlation was employed to  

correlate the following biostratigraphic and lithostratigraphic events, namely, Quantitative  

base of Podocarpus milanjianus (P800/P900 Subzonal boundary), base of  

Retistephanocolpites gracilis (P860/P870 Subzonal boundary), reduced occurrence of  
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Monoporites annulatus, increased occurrence of Botryococcus braunii, top occurrence of  

Retibrevitricolporites obodoensis, 5.8Ma MFS, 5.0Ma MFS, 5.5Ma SB and 4.2Ma SB in  

wells A, B and C. MFS’s 3.9Ma and 2.0Ma have no depth equivalent in wells A and B  

(Figures 6.6 and 6.7; Table 6.5).  

Table 6.5 Table showing graphic correlation of events in wells A, B and C 
Lithostratigraphic and 
biostratigraphic events 

Well A (Ft.) Well B (Ft.) Well C (Ft.) 

Quantitative base of Podocarpus 
milanjianus 

8900 7600 7600 

Base of Retistephanocolpites gracilis 8300 7300 7000 
5.8Ma MFS  9500 7800 8400 
5.5Ma SB 9360 7750 7995 
5.0Ma MFS 6560 6500 5200 
4.2Ma SB 5300 6000 4000 
3.9Ma MFS No equivalent depth No equivalent depth 9525 
2.0Ma MFS No equivalent depth No equivalent depth 7350 
Reduced of Monoporites annulatus 9400 7770 8230 
Increased occurrence of 
Botryococcus braunii 

5800 6200 4270 

Top occurrence of 
Retibrevitricolporites obodoensis  

5000 6000 3710 

� 

Graphic correlation of composite standard section (well A) against wells B and C revealed  

that for every foot of sediment accumulation in well A is amount to only 0.45ft. and  1.1 ft. of  

rock that were deposited in well B and C sites, respectively. The use of graphic correlation  

for stratigraphic correlation and the determination of the rate of rock accumulation in sections  

has been earlier reported in Northern America and China by Anstey and Rabbio (1989) and  

Sweet (1992), respectively. Sweet (1992) concluded that for every meter of sediment  

accumulated at Shangasi, only 0.222 m of rock accumulated at Guryul Ravine, while Anstey  

and Rabbio (1989) concluded that for every meter of rock accumulated at Maffett road  

section, only 0.56 m of sediment deposited at Cincinnati (28 km apart) and Southeastern  

Indiana (greater distance apart), respectively. The rate of accumulation of sediment in well C  

was greater than that of well B which means that either there was more erosion taking place  

and/or accumulation space. Without knowing the precise location of the wells it is not  

possible to relate these events in the interior.  

6.7 Conclusions 

The occurrences of age diagnostic palynomorphs namely Retistephanocolpites gracilis and 

Podocarpus milanjianus in this study suggest a Late Miocene-Pleistocene age for the 
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analyzed intervals of the Agbada Formation. This age is correlated with the Pantropical 

Echitricolporites spinosus Zone of Germeraad et al. (1968). 

The palynomorph result showed that angiosperms, mainly mangrove pollen (represented by 

Zonocostites ramonae) dominated the palynomorph assemblages.  

Palynomorph assemblages revealed that the Late Miocene through Pleistocene epochs were 

characterized by fluctuation of climatic conditions as follows: Late Miocene experienced a 

drier climate that repeated itself in the Late Pliocene and Middle Pleistocene in association 

with unstable wet and dry climate in the Middle Pleistocene, whereas the Middle Pliocene, 

Early and Late Pleistocene experienced wet climatic condition.  

Palynofloral assemblages indicate that the sediments from the analyzed intervals of the 

Agbada Formation deposited in three main environments, namely nearshore, shallow and 

deep marine. In addition, the results of the integrated studies of well log and lithologic data 

revealed the subdivision of these environments into  fluvial or deltaic distributary channel, 

tidal channel, submarine channel, regressive marine and prograding delta sub-environments. 

The sand units of these sub-environments have good reservoir quality, while the shales serve 

as good quality source and sealing rocks in the Niger Delta. 

Integration of palynostratigraphic, lithofacies and well log analysis reflected some cycles of 

sequence systems tracts and sedimentary surfaces. These show approximately similar patterns 

and occur almost within the same depth interval ranges. This implies that the combined 

analyses of the palynostratigraphy, lithofacies and well log data is useful sequence 

stratigraphic analysis. 

Superimposition of palynofloral zones and depositional sequences in this study show that 

some floral zones roughly correlated with the sequence boundaries, while others do not.These 

relationships imply that climatic conditions coupled with other factors such as localized 

subsidence play important roles in the sea level changes in the Niger Delta area.   

The results of the integration of GR-log, lithologic and palynologic analyses also reveal four 

depositional sequences of Late Miocene-Pleistocene age. These sequences were bounded 

chronologically by three type-1 sequence boundaries (SBs) namely 5.5 Ma SB, 4.1 Ma SB 

and 3.0 Ma SB. However, these depositional sequences have undergone four major flooding 

events characterized by high gamma ray values in association with the abundance of 

mangrove pollen within thick marine shales. The oldest sequence in this study witnessed a 
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transgressive event that was marked by the 5.8 Ma MFS and is followed by the second 

maximum flooding event that was defined by the 5.0 Ma MFS that characterized sequence 2. 

These two sequences were recorded in wells A and B. Finally, the 3.9 Ma and 2.0 Ma MFSs 

marked the maximum flooding events that characterized sequences 3 and 4, respectively, and 

were recorded in well C. These sedimentary surfaces were used for the correlation of the 

wells in this study.  

The synthetic summary of the findings in this study is shown in Table 6.6 below. From the 

table (6.6) it is clear that wells A and B  represent the same time frame and depositional 

environment and Well C is younger and does not overlap with the other two. The 

lithostratigraphy and depositional sequences of A and B are identical but some aspects of the 

depositional environment that are present in Well A are absent from Well B  (tidal channel, 

submarine channel and regressive depositional environments). A possible reason for this is a 

sampling bias where these features were recorded in the sections of the core that were not 

sampled. The inconsistencies in sampling were due to coring problems (see section 2.2.3; 

page 20). This emphasizes the need for multiple cores and detailed sampling in exploration 

projects. 
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               Table 6.6 Table showing the synthetic relationship between findings in studied  
                             wells A, B and C 
 

 
 

            Note:  The = (equal) and �  (greater than)  signs in this table means Correlated with and    
                       older than, respectively. 
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APPENDICES 

Appendix A1:  SYSTEMATIC PALYNOLOGY 

Introduction 

Identification and classification in palynology is a serious problem due to lack of standard 

system of classification that is protected by the International Code of Botanical Nomenclature 

(ICBN) (Greuter et al., 2000) or any other code. So, palynologists used their own initiative to 

decide on which version of the systematic classification suitable for their work by reflecting on 

features such as ease of understanding and suitability to palynofloras’ composition and time 

period (Traverse, 2007). For example Turma system of classification is informal and only useful 

for Carboniferous and Permian periods. Conversely, it is much less useful for Mesophytic 

palynofloras and not useful at all for Cenophytic (Traverse, 2007). However, majority of 

Cenozoic palynologist followed three parallel systems of classification and nomenclature 

(Traverse, 2007). These systems of classification are “natural” because the linkage between 

fossil and extant taxa is certain. It is “half-natural” when the connection between fossil and 

extant taxa is uncertain. It is considered “artificial” when the affiliation between fossil and extant 

taxa is not known and in this case a form-generic name based on morphological features is 

formed. 

Most of the palynomorph types found in this study  have been comprehensively described by  

respective authors cited for each species. Therefore, brief descriptions of some of the  

encountered  taxa were attempted in this section. However, comments were made on specific  

taxa where necessary. Within the major palynomorph groups, the taxa are arranged in  

alphabetical order for ease of reference.  

Pteridophyte and bryophyte spores 

Monolete spores 

Genus Laevigatosporites Ibrahim, 1933 

Laevigatosporites sp. 

Plate 1, figs. 1a-b 

Description: Miospore has monolete marks with an oval equatorial outline in polar view and an  
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oval to phaseolate outline (bean-shaped) in equatorial view. Laesurae half to four fifths of  

miospore long axis. Exine is laevigate (smooth). 

Present record: 3280-C (as) (Figure 1a); 8560-C (f) (Figure 1b). Abundantly occurred in wells A, 

B and C. 

Measurements: Length 35 um, width 20 um, (fig. 1a); length 30 um, (fig. 1b). 

Botanical affinity: Polypodiaceae (Krutzsch, 1967). 

Genus Verrucatosporites Pflug and Thomson in Thomson and Pflug, 1953 

Verrucatosporites sp. 

Plate 1, figs.1c-d 

Description: Miospores has monolete marks with an oval equatorial outline in polar view and an  

oval to phaseolate outline (bean-shaped) in equatorial view. Laesurae half to two thirds of  

miospore long axis. Exine is verrucate (rough). 

Present record: 6220-C-cm (Figure 1c); 4210-C-au (Figure 1d). Abundantly occurred in wells A, 

B and C. 

Measurements: Length 30 µm, width 25 um, (fig. 1c); length 35 µm, (fig. 1d). 

Botanical affinity: Polypodiaceae (Krutzsch, 1967). 

Trilete spores 

Genus Acrostichum Kar, 1991  

Acrostichum aureum 

Plate 1, figs. 1e-f 

Description: The miospores has trilete marks that mostly weakly developed. Shape varied from 

sub-triangular to circular. Sculpture is smooth.  

Present record: 5140-C (as) (Figure 1e); 5140-C (bp) (Figure 1f). Miospores are abundantly  

occurred in wells A, B and C. 

Measurements: 30-35µm.�

Botanical affinity: Polypodiaceae. 

Gens Crassoretitriletes Germeraad, Hopping, and Muller (1968) 

Crassoretitriletes vanraadshooveni Germeraad (1968) 
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Plate 1, fig. 1g 

1968 Crassoretitriletes vanraadshooveni               Germeraad, et al.  p. 287, pl. 1, fig. 3  

Description: Miospores have trilete mark on the proximal surface that is clearly observable in the 

polar view. Spherical shape in polar view with broadly convex sides. The surface sculpturing is 

entirely coarsely reticulate.  

Present record: 7820-B (i) (Figure 1g). Miospores are recorded in wells A and B.  

Measurements: The grains size range from 50-70 � m.  

Stratigraphic range: Miocene – Pliocene in Nigeria (Germeraad et al., 1968), Mid-Miocene 

  to Pleistocene in Venezuela (Lorente, 1986), Miocene and Pliocene in�Taiwan (Huang, 1978a    

  and 1978b, respectively). 

  Botanical affinity: Lygodium (Germeraad et al. 1968). 

Genus Echitriletes van der Hammen, 1954,  Potonie, 1956 

Echitriletes sp. 

Plate 1, fig. 1h 

Description: Miospores have trilete marks that are mostly weakly developed. Shape varied from 

sub-triangular to circular. Surface is covered by numerous single or cohering sharp spines with 

wide and flat basis.  

Measurements: The grains size range from 20-25µm 

Present record: 3460-C (cc) (Figure 1h). Miospores commonly occurred in wells A and C. 

Stratigraphic range:  Oligocene in Kherapara Formation, Meghalaya (Rao, 2000), 

Triassic in Poland (Ryszard Fuglewicz, 1977).  

Botanical affinity: Unknown. 

Genus Foveosporites Balme, 1957 

Foveosporites cf. canalis Balme, 1957 

Plate 1, figs. 1i-j 

1957 Foveosporites canalis                                Balme, Pl. 2, Fig.1 

1967 Foveosporites canalis                                Sah, p. 18, pl. 2, figs. 1, 2 and 5. 

2008 Foveosporites canalis                                Eisawi and Schrank, pl. 7, fig. 11. 

Description: Description: Miospores have trilete marks with amb rounded or elongate  

triangular and sides are straight to convex. Trilete marking extending ¾ radius. Exine is  
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Infraverrucate to foveolate.   

Present record: 3370-C (cc) (Figure 1i); 3280-C (o) (Figure 1j). Miospores are rarely occurred in  

well C. 

Measurement: 30 µm. 

Stratigraphic range: Neogene, Burundi (Sah, 1967); Late Miocene to Pliocene in Sudan (Eisawi  

and Schrank, 2008). 

Botanical affinity: Unknown 

Genus Granulatisporites (Ibrahim) Potonié and Kremp 1954 

Granulatisporites spp. 

Plate 1, figs. 1k-l 

Description: Miospores have trilete marks with triangular amb. The interradial regions may be  

slightly convex or concave with rounded apices. Laesurae exceed two thirds of the radius. Exine 

that is granulate and generally moderately thin, covered in grana.  

Present record: 6580-C-o (Figure 1k); 6220-C-cq (Figure 1l). Miospores rarely recorded in  

well C. 

Measurements: 30-40 µm.  

Botanical affinity: Leiotriletes (Naumova, 1939) 

Genus Lycopodium Rudolph 1935 

Lycopodium neogenicus Krutzsch 1962�

Plate 2, fig. 2a 

1962 Lycopodium neogenicus                                  Krutzsch Pl.5, fig. 1   

Description: Miospores have trilete marks with leasurae arms reach 2/3 of radius.  

Shape is triangular in equatorial view with convex interradial regions.  Surface is covered by 

numerous sharp spines. Exine is finer reticulum.  

Present record: 3460-C(u) (Figure 2a).Miospores are rarely occurred in wells B and C. 

Measurements: 30-35 µm. 

Stratigraphic range: Oligocene-Pliocene in Germany (Krutzsch, 1963). 

Botanical affinity: Lycopodiaceae (Stuchlik et al, 2001, 2002, 2009).   
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Lycopodium spp. 

Plate 2, figs. 2b-c 

Description: Miospores have trilete marks with leasurae arms reach 2/3 of radius. Shape is  

triangular in equatorial view with convex to concave interradial regions.  Surface is smooth.  

Exine is finer reticulum.  

Present record: 3280-C-ag (Figure 2b); 1390-C-aa (Figure 2c). Miospores  

are commonly occurred in well C. 

Measurements: 30-35 µm. 

Stratigraphic range: Oligocene-Pliocene in Germany (Krutzsch, 1963). 

Botanical affinity: Lycopodiaceae (Stuchlik et al., 2001, 2002, 2009). 

Genus Polypodiaceoisporites Potonié, 1951 

Polypodiaceoisporites spp. (cf. Pteris)  

Plate 2, figs. 2d-e 

Description: Miospores have trilete marks. Shape is Triangular obtuse-convex in outline with a 

distinct, high ring around the equator. Cingulum 6 to 7 µm wide in the central part of walls and 

slightly narrower in corners. Sculpture is coarse-verrucate on the proximal face.  

Present record: 9800-A (cj) (Figure 2d); 9800-A (bu) (Figure 2e). Miospores are common  

occurred in wells A, B and C. 

Measurement: 35-40 µm. 

Stratigraphic range: Oligocene to Lower Miocene, Germany (Krutzsch, 1967). 

Botanical affinity: Polypodiaceae (Nagy, 1985). 

Genus Rugulatisporites Pflug and Thomson 1953 

Rugulatisporites spp. 

Plate 2, fig. 2f 

Description: Miospores have trilete mark on the proximal surface that are not distinct in polar 

view. Spherical shape in polar view with broadly convex sides. The surface sculpturing is 

entirely rugulate.  

Present record: 3550-C (cd) (Figure 2f). Miospores are rarely occurred in well C. 

Measurements: 20-25 µm. 

Stratigraphic range: Miocene- Paleocene in Argentina (Voss, 2002). 
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Botanical affinity: Osmundaceae. 

Genus Selaginella Krutzsch 1959      

Selaginella myosorus�Alston�	��
  

Plate 2, figs. 2g-h 

 Description: Miospores with tetrad marks that are extending to the equator. Shape is triangular-

circular in outline. Both proximal and distal faces are covered by low conical verrucate.  

 Present record: 1480-C-u (Figure 2g); 1480-C-t (Figure 2h); Occurred in wells A and C. 

 Measurements: 30-40 µm. 

 Stratigraphic range: Middle Miocene in Poland (Kohlman-Adamska, 1993). 

 Botanical affinity: Unknown. 

Genus Stereisporites Pflug, 1953 

Stereisporites sp. 

Plate 2, figs. 2i-j 

Description: Miospores have trilete marks. Shape in polar view is triangular-rounded in outline. 

The trilete marks that are equal to the radius, terminated with “Y”-shape around the edge. 

Sculpture is smooth to coarse-verrucate.   

Present record: 4300-C-ap (Figure 2i); 1390-C-aq (Figure 2j). Miospores are commonly occurred  

in wells A, B and C. 

Measurements: 30-35 µm. 

Stratigraphic rang: Miocene in Poland (Ziembinska-Tworzydlo, 1974; Kohlman-Adamska, 

1993). 

Botanical affinity: Sphagnaceae (Stuchlik et al., 2001, 2002, 2009). 

Gymnosperms 
Genus  (Cookson, 1947) Couper, 1953 

Podocarpus milanjianus 

Plate 2,fig. 2k  

Description:- Pollen grains are bisaccate, haploxylonoid to slightly diploxylonoid. Central body  

is circular to subcircular, and alete. Sacci are firm, kidney-shaped, not the same size with the 

body and reticulate.  

Present record: 6580-C (b), 7030-C (y) (Figures 2k-l). Grains are commonly occurred in well C. 
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Stratigraphic range: Pliocene-Pleistocene in Angola, Burundi, Cameroon, Republic of the Congo, 

Democratic Republic of the Congo, Kenya, Malawi and Mozambique(Sah, 1967, Salard- 

Cheboldaeff, 1978, 1990, 1979). 

Botanical affinity: Podocarpaceae, Podocarpus (Lorente, 1986).  

Angiosperms 

Monocolpate pollen 
Genus Arecipites Wodehouse 1933 

Arecipites exilimuratus 

Plate 3, fig. 3b 

Description: Pollen grain is monocolpate with colpus extending the full length of the grain. The 

amb is elongate-ellipsoidal.  Shapes ranged from circular to spherical. Exine is finely reticulated. 

Present record: 5050-C-bb (Figure 3b). Grains are commonly occurred in wells A, B and C. 

Measurements: 30-35 µm. 

Stratigraphic rang: Late Paleocene in Wilcox group and Texas in USA (Stover et al., 1966). 

 Botanical affinity: Liliaceae� (Couper, 1953; Macphail, 1999� .  

Genus Clavamonocolpites Gonzalez Guzman, 1967 

Clavamonocolpites spp. 

Plate 3, fig. 3f 

Description: Pollen grain is monocolpate; Shape is spherical. Body covered with small to 

microclavate ornament. The exinal structure was indistinct. 

Present record: 3460-C (ay) (Figure 3f). Rarely occurred in well C. 

Measurements: 20-25 � m.  

Stratigraphic range: Miocene-Pliocene in Venezuela (Muller et al., 1987)  

Botanical affinity: Chloranthaceae (Askin, 1994). 

Genus� Gemmamonocolpites Van Der Hammen and García De Mutís 1965 

Gemmamonocolpites spp. 

Plate 4, fig. 4f 

Description: Pollen grain is monocolpate with large central colpus. Shape is circular. Exine is 

gemmae.  
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Present record: 2650-C (af) (Figure 4f). Commonly occurred in wells A, B and C. 

Measurements: 35-40 µm. 

Stratigraphic range: Maastrichtian-Paleocene in Venezuela (Muller et al., 1987) ; Maastrichtian 

in Sudan (Awad, 1994); Turonian to lower Santonian strata in Egypt (Schrank and Ibrahim, 

1995). 

Botanical affinity: Ilex, Aquifoliaceae (Muller, 1968). 

Genus Mauritidites Van Hoeken-Klinkenberg 1964 

Mauritidites spp. 

Plate 5, fig. 5a 

Description: Pollen grain is monosulcate with the sulcus nearly reaches the length of the grain.  

Shape is triangular in polar view. Exine is echinate that are uneven distributed with fine scabrate 

sculpture.  

Present record: 5500-C (bb) (Figure 5a). Rarely occurred in well C. 

Measurements: 30-35 µm. 

Stratigraphic range: Upper Eocene of SE Nigeria and Paleocene–Eocene of Nigeria (Jan du 

Chêne et al., 1978; Adegoke et al., 1978). 

Botanical affinity: Palmae (Adegoke et al., 1978).�

Genus Monocolpopollenites Thomson and Pflug 1953 

Monocolpopollenites spheroidites Jardiné and Magloire 1965 sensu Awad 1994 

Plate 5, fig. 5c 

1965 Monocolpopollenites spheroidites Jardiné and Magloire, p.211-212, pl.8, figs. 27-30. 

Description: Pollen grain is monocolpate with large colpi that occupied the central part of the 

grain. Shape is sphaeroidal. Surface is finely reticulated.   

Present record: 3640-C (i) (Figure 5c). Rarely occurred in well C. 

Measurements: 30-36 µm. 

Stratigraphic range: Lower Maastrichtian-Upper Senonian strata in Senegal and Ivory Coast 

(Jardiné and Magloire, 1965); Upper Maastrichtian in Nigeria (Jan du Chêne, 1977; Lawal and 

Moullade, 1986); Maastrichtian in Egypt (Sultan, 1985);  Campanian-Maastrichtian strata in  

central Sudan (Awad, 1994). 

Botanical affinity: Cycadales or Palmae (Nichols et al., 1973 as cited by Schrank, 1994). 
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Genus Psilamonocolpites Puri, 1963 
Psilamonocolpites spp. 

Plate 7, fig. 7f 

Description: Pollen grain is monocolpate with colpus almost equal the length of the grain. Shape  

is oblong with Psilate exine. 

Present record: 9800-A (cr) (Figure 7f). Grains commonly occurred in well B and rarely  

recorded in wells A and C. 

Measurements: Length = 50 µm and width = 20 µm. 

Stratigraphic record: Maastrichtian, Nigeria (Oloto, 1989); Paleocene to Lower Oligocene, 

Cameroun (Salard-Cheboldaeff, 1979); Paleocene to Mid-Eocene, 

Colombia (González Guzmán, 1967). 

Botanical affinity: Not known.  

Genus Racemonocolpites González Guzmán, 1967 

Racemonocolpites spp. 

Plate 8, Figure 8f 

Description: Pollen grain is monocolpate with long colpus almost equal the length of the grain.  

Shape varied from oblate to oblong with exine finely reticulated. 

Present record: 5950-C (ak) (Figure 8f). Grains rarely occurred in wells 

 A and B, while it is commonly occurred in well C. 

Measurements: 30-40 µm. 

Stratigraphic range: Eocene; Tibú area, Colombia (González Guzmán, 1967) 

Botanical affinity: Unknown.  

Racemonocolpites hians Legoux, 1978 

Plate 8, fig. 8g 

1978 Racemonocolpites hians Legoux, p. 269, pl. 1, figs. 1-7. 

Description: Pollen grain is monocolpate with long colpus almost equal the length of the grain.  

Shape varied from oblate to prolate with exine finely reticulated and surface is finely spinulose. 

Present record: 7930-C (ag) (Figure 8g). The grains are rarely occurred in the three wells  

investigated. 

Measurement: 30 µm. 
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Stratigraphic record: Late Miocene in Ivory Coast (Bacchiana et al., 1982), Oligocene to  

Miocene in Nigeria and Cameroun (Legoux, 1978). 

Botanical affinity: Unknown. 

Tricolporate pollen 

Genus Anthocleista Bruce (1955) 

Anthocleista pollen 

Plate 3, fig. 3a 

Description: Pollen grain is tricolporate in equatorial view with circular pores. Shapes varied 

from sub-triangular to spherical. Exine is reticulate. 

Present record: 4000-C (ao) (Figure 3a). Rarely occurred in well C. 

Measurements: 20-25 µm. 

Stratigraphic range: Late Eocene-Oligocene in West Africa (Salard-Cheboldaeff, 1981; Jacobs, 

2004). 

Botanical affinity: Loganiaceae ( Watson, L., and Dallwitz, M.J. 1992 ). 

Genus Brevicolporites Anderson, 1960 

Brevicolporites guinetii Salard-Cheboldaeff, 1978 

Plate 3, fig. 3c 

1978 Brevicolporites guinetii                              Salard-Cheboldaeff, p. 226, pl. II, figs. 6a-b. 

Description: Pollen grain is tricolporate with small circular pores. Shape is elongated circular in 

equatorial view. The exine is finely reticulate. 

Present record: 2380-C (be) (Figure 3c). Grains are rarely recorded in well C.  

Measurements: 35-40 µm.  

Stratigraphic record: Eocene to Lower Miocene in Cameroun, Gabon, Angola and Congo 

basins (Salard-Cheboldaeff, 1978, 1990). 

Botanical affinity: Mimosaceae (Salard-Cheboldaeff, 1978). 

Genus Echitricolporites Van der Hammen, 1956b  

Echitricolporites spinosus Van der Hammen, 1956b   

Plate 4, fig. 4c 

1956b Echitricolporites spinosus                       Van der Hammen p.92, pl 10, fig.30 
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Description: Pollen grain, which is radially symmetrical, is tricolporate. Colpi are straight with 

pointed ends and pores are indistinct. Shape is circular. Surface is covered by spines with thick 

base and sharply pointed. Exine is echinate. 

Present record: 3280-C (i) (Figure 4c). Grains are commonly occurred in wells A, B and C. 

 Measurements: 35-4030-35 � m. 

Stratigraphic range: Miocene-Pliocene in Caribbean areas, Nigeria and Borneo (Germeraad et 

al., 1968). 

Botanical affinity: Asteraceae (Germeraad et al., 1968).   

Genus Fenestrites Van der Hammen, 1956b 

Fenestrites spinosus Van der Hammen, 1956b 

Plate 4, fig. 4e 

1956b Fenestrites spinosus                           Van der Hammen (p.92, pl. 12, fig. 38) 

Description: Pollen grain, which is radially symmetrical, is with indistinct tricolporate.  

Shape varied from circular to hexangular. Exine differentiates into fenestrae. Surface bearing 

spines.  

Present record: 3010-C (e) (Figure 4e).  Commonly occurred in wells A, B and C. 

Measurements: 30-35 µm. 

Stratigraphic range: Upper Miocene-Pleistocene in Caribbean area (Germeraad at al, 1968).  

Botanical affinity: Asteraceae (Germeraad at al., 1968). 

Genus Margocolporites Ramanujam, 1966 

Margocolporites sp.  Jaramillo,et al., 2007.  

Plate 5, figs. 5i-j 

2007 Margocolporites sp.                                  et al., pl. 4, fig. 4. 

Description: Pollen grain is tricolporate and radially symmetrical. Shape is circular in polar  

view. Exine is finely reticulate.  

Present record: 6880-C-c (fig. 5i); 6130-C-am (fig. 5j). Rarely occurred in well C. 

 Measurement: 30-35µm. 

Stratigraphic range: Reported in the Paleocene, Colombia (Jaramillo, 2007). 

Botanical affinity: Fabaceae� (Leguminosae)-Caesalpinioideae (Germeraad et al., 1968). 

Margocolporites vanwijei 
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 Plate 5, figs. 5k-l 

Description: Pollen grain is tricolporate and radially symmetrical. Shape is circular to triangular 

in polar view. Exine is finely reticulate to smooth.  

Present record: 8650-C (x) (Figure 5k); 5860-C (ao) (Figure 5l). Rarely occurred in well C. 

Measurements: 30-35µm. 

Stratigraphic range: In the Eocene, Nigeria, Borneo and in the Pliocene-Pleistocene in the  

Caribbean areas (Germeraad et al., 1968). 

Botanical affinity: Fabaceae (Leguminosae)-Caesalpinioideae (Germeraad et al., 1968). 

Genus Olax Reed, 1955 

Olax spp. 

Plate 5, fig. 5k 

Description: Pollen grains are tricolporate with angulaperturate. Shape varied from sub-oblate to  

sub-prolate, elliptical in equatorial view and rounded-triangular in polar view. Exine is minutely  

verrucate.  

Present record: 850-A (aa) (Figure 5k). Grains rarely occurred in wells A and B.  

Measurements: 35-40 µm. 

Botanical affinity: Olacaceae (Reed, 1955). 

Genus Polygonium Sah and Dutta, 1968 

Polygonium spp. 

Plate 6, figs. 6k-l 

Description: Pollen grains are tricolporate with circular or elongated pores and colpi are long  

and deep. Shape is spheroidal to prolate-spheroidal in equatorial view and circular to oblate  

outline in polar view. Ornamentation pattern is granulate to reticulate. 

Present record: 3010-C aw) (Figure 6k); 4210-C (h) (Figure 6l). Grains rarely occurred in well C. 

Measurement: 30-35 µm. 

Stratigraphic range: Early Miocene in Pattanakad, Kerala (Ramanujam et al. 1991); Neogene, 

Quilon, Kerala (Ramanujam et al., 1991). 

Botanical affinity: Unknown. 

Genus Psilatricolporites (Van der Hammen) ex Pierce, 1961 

Psilatricolporites crassus Van der Hammen and Wymstra, 1964 
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Plate 7, figs. 7 k-l  

1964 Psilatricolporites crassus Van der Hammen and Wymstra, p. 237, pl. 1, figs. 1-4. 

1968 Psilatricolporites crassus Germeraad et al., p. 330, pl. XVI, figs. 1-2. 

1990 Psilatricolporites crassus Salard-Cheboldaeff, pl. VI, fig. 15. 

Description: Pollen grain is tricolporate and radially symmetrical with smooth to finely  

reticulated surface. Shape is spherical to sub-prolate in equatorial view and circular in polar  

view. 

Present record: 2200-C (bq) (Figure 7k); 1390-C (ck) (Figure 7l). Grains commonly occurred in  

all wells investigated.  

Stratigraphic range: Lower Eocene in Nigeria and in the Caribbean (Germeraad et al., 1968);  

Eocene to Pliocene, Venezuela (Lorente, 1986); Eocene in Cameroun (Salard-Cheboldaeff, 

1979); Oligocene to Lower Miocene in British Guiana (Van der Hammen and Wymstra, 1964). 

Measurements: 30-35 µm. 

Botanical affinity: Pelliceria (Van der Hammen and Wymstra, 1964). 

Psilatricolporites operculatus Van Der Hammen and Wymstra, 1964 

Plate 8, fig. 8b 

1964 Psilatricolporites operculatus Van Der Hammen and Wymstra, p. 236, pl. 1, fig. 13. 

1968 Psilatricolporites operculatus Germeraad, et al., p. 328, pl. 15, fig. 3. 

1979 Psilatricolporites operculatus Salard-Cheboldaeff, pl. 2, fig. 3. 

1990 Psilatricolporites operculatus Salard-Cheboldaeff, pl. 7, figs. 18 and 19. 

Description: Pollen grain is tricolporate and radially symmetrical. Shape is oblate in polar view  

and  circular to semi-angular in equatorial view. Colpi are long with distinct opercula at the edge,  

while pores are only distinct in equatorial view. Exine is psilate.  

Present record: 1480-C (al) (Figure 8b). Grains rarely occurred in wells A, B and C.  

Measurements: 25-30 µm. 

Stratigraphic range: Oligocene-Lower Miocene of British Guiana (Van der Hammen and 

Wymstra, 1964), later from the Mid Eocene-Pleistocene strata of tropical areas (Germeraad  

et al., 1968), and from the Eocene-Miocene of Cameroon (Salard-Cheboldaeff, 1979 and 1990). 

Botanical affinity: Euphorbiaceae, Alchornea cordifolia (Germeraad et al., 1968). 

Psilatricolporites sp. 

Plates 7, fig. 7j,  
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Description: Pollen grain is, psilate, tricolporate, sub-triangular in polar view with smooth  

surface. 

Present record: 8560-C (s ) (Figure 7j). 

Measurement: 25-30 µm.  

Botanical affinity: Non-magnoliid dicotyledons. 

Genus Retibrevitricolporites Legoux 1978 

Retibrevitricolporites obodoensis Legoux 1978 

Plate 8, figs. 8i-l 

1978 Retibrevitricolporites obodoensis Legoux, p. 276, pl. 8, figs. 4- 9; pl. 9, fig. 1. 

1990 Retibrevitricolporites obodoensis Salard-Cheboldaeff, pl. 6, fig. 14. 

1994 Retibrevitricolporites obodoensis Awad, p. 118 , pl. 14, fig. 19. 

Description: Pollen grain is tricolporate, radially symmetrical with shallow colpi and protruded  

pori at the angle ends in polar view. Shape is oblate in equatorial view and sub-triangular in polar  

view. Exine is finely reticulate. 

Present record: 6220-C (x) (Figure 8i); 6220-C (co) (Figure 8j); 6610-C (n) (Figure 8k); 7240-C  

(k) (Figure 8l). Grains commonly occurred in the three wells investigated.  

Measurements: 30-40 µm. 

Previous records: Neogene strata, Nigeria (Legoux, 1978); Late Maastrichtian-Paleocene,  

Sudan (Awad, 1994); Late Eocene-Oligocene, West Africa (Salard-Cheboldaeff (1990). 

Botanical affinity: Unknown. 

Genus Retibrevicolporites Van Hoeken-Klinkenberg, 1966 

Retibrevicolporites triangulatus Van Hoeken-Klinkenberg, 1966 

Plate 9, figs. 9a-b 

1966 Retibrevicolporites triangulatus     Van Hoeken-Klinkenberg p.40, pl.II, fig.2 

1968 Retibrevicolporites triangulatus     Germeraad et al.  p.341, pl. XVIII, figs.1, 2 

Description: Pollen grain is tricolporate, radially symmetrical, isopolar and oblate. Shape sub- 

triangular in polar view. Colpi are long and marginate, while pori are equatorially elongated and  

vestibulate. Exine is finely reticulated. 

Present record: 5590-C (aq) (fig. 9a); 3640-C (d) (fig. 9b). Grains are commonly occurred in  

wells A and C. 
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Measurements: 30-35 µm. 

Stratigraphic range: Middle Oligocene, Jenam Formation, Assam (van Hoeken-Klinkenberg 

and Kumar 1994); Paleocene-Eocene, Caribbean area and Nigeria (Germeraad et al., 1968). 

Botanical affinity: Unknown. 

Genus Retitricolporites (Van Der Hammen 1956) Ex. Van Der Hammen and Wymstra 1964 

Retitricolporites irregularis Van Der Hammen and Wymstra 1964 

Plate 9, fig. 9l 

1964 Retitricolporites irregularis Van Der Hammen and Wymstra, p. 235, pl. 3, figs. 9, 10. 

1968 Retitricolporites irregularis Germeraad et al., p. 338, pl. 17, figs. 4, 5. 

Description: Pollen grain is tricolporate, radially symmetrical and isopolar. Shape is spherical in  

equatorial view and circular in polar view. Colpi are long and strongly intruding with straight  

costate borders and pointed ends. Exine is reticulate. 

Measurements: 30-40 µm. 

Present record: 2470-C (ae) (Figure 9l). Grains abundantly occurred in wells A, B and C.  

Stratigraphic range: Oligocene-Miocene, Guyana (Van Der Hammen and Wymstra, 1964). 

Botanical affinity: Euphorbiaceae, Amanoa oblongifolia (Germeraad et al., 1968). 

Retitricolporites guianensis Germeraad et al., 1968 

Plate 9, figs. 9i 

1968 Retitricolporites guianensis   Germeraad et al. p.337, pl. XVII, fig. 8-9. 

Description: Pollen grain is tricolporate, radially symmetrical and isopolar. Shape is prolate in 

polar view. Colpi are long, straight and intruding at the margins, while pores are circular and 

wide. Exine is reticulate. 

Present record: 2380-C (am) (Figure 9i). Grains are rarely occurred in wells A, B and C. 

Measurements: 25-30 µm. 

Stratigraphic range: Mio-Pliocene, Namsang Formation, Upper Assam (Mandal and Kumar,  

2000; Kumar et al, 2001); Middle-Eocene, Caribbean area (Germeraad et al., 1968). 

Botanical affinity: Sterculiaceae and Tiliaceae (Germeraad et al., 1968). 

Genus Uapaca Nowicke et al., 1998 

Uapaca sp 

Plate 10, figs. 10g-h 
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Description: Pollen grain is tricolporate, isopolar and radially symmetrical. Colpi are narrow and  

costate, while pores are circular. Shape varied from prolate to sub-prolate. Exine is finely  

reticulated.  

 Present record: 3010-C (x) (Figure 10g); 5140-C (ae) (Figure 10h). Grains are rarely occurred in  

well C. 

Measurements: 20-25 µm. 

Botanical affinity: Euphorbiaceae (Nowicke et al., 1998). 

Genus Zonocostites Germeraad et al., 1968. 

Zonocostites ramonae Germeraad et al., 1968. 

Plate 10, figs. 10i-l 

1968 Zonocostites ramonae            Germeraad et al. p.328, pl. X V, figs. 6-7 

1991 Zonocostites ramonae            Ramanujam et al. p.54, pl. 1, fig 25 

1993 Zonocostites ramonae             Rao et al. p.82, pl. 1, fig 20 

Description: Pollen grain is tricolporate, radially symmetrical. Shape is spherical in polar view.  

Colpi are ectexinous, medium long, straight with pointed ends and slightly costate, while pores  

are equatorially elongated to almost fused, distinctly costate and in polar view slightly  

vestibulate. Exine is finer to almost psilate on equatorial belt (as previously described by  

Germeraad et al., 1968). 

Present record: 9800-A (ab) (Figure 10i); 5860-C (p) (Figure 10j); 6130-C (ai) (Figure 10k);  

7930-C (aj) (Figure 10l). Grains are abundantly occurred in all the analyzed wells. 

Measurements: 19-23 µm. 

Stratigraphic range: Upper Eocene to Pleistocene, Borneo, Lower Miocene to Pleistocene,  

Nigeria (Germeraad et al., 1968); Mid- to Upper Miocene in Nigeria (Oboh, 1992); Eocene  

to Pleistocene in Venezuela (Lorente, 1986). 

Botanical affinity: Rhizophora, Bruguiera, Ceriops and Caralia (Germeraad et al., 1968). 

 

 

Zonocostites duquei nov. sp. Duenas, 1980. 

Plate II, Figs. 12-17, page 321 
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Description: Pollen grains radially symmetrical, isopolar, subspheroidal, 

tricolporate with an equatorial endexinous furrow, perreticulate, heterobrochate; brochi  

larger in polar area than near equatorial zone. Exine is thick and apparently reticulated (as  

previously described by Duenas, 1980).   

This species is apparently reticulated and larger in size than Z. ramonae.  

Present record: 9650-A (ap) (Figure 10i); 98500-A (av) (Figure 10j). Grains occurred in all the  

analyzed wells. 

Measurements: 25-27 µm.  

Stratigraphic range: Oligocene-Miocene strata Planeta Rica, Northern Colombia (Duenas, 1980) 

Taxonomic affinity: Rhizophoraceae. 

Triporate pollen 

Genus Canthiumidites Khan, 1976 

Canthiumidites spp. 

Plate 3, fig. 3d 

Description: Pollen grain is triporate, amb triangular with smooth corners. Shape is sub- 

circular in polar view. Exine is finely reticulate. 

Present record: 6580-C (r ) (Figure 3d). Commonly occurred in wells A, B and C. 

Measurements: 30 � m measured in polar view. 

Botanical affinity: Rubiaceae. 

Genus Corsinipollenites Nakoman 1965 
Corsinipollenites cf. jussiaeensis Jan Du Chêne Onyike and Sowunmi 1978 

Plate 3, fig. 3g 

1978b Corsinipollenites jussiaeensis           Jan Du Chêne et al., p. 301, pl. 12, fig. 3; pl. 3, fig. 6. 

1990 Corsinipollenites jussiaeensis             Salard-Cheboldaeff, pl. 6, fig. 7. 

Description: Pollen grain is triporate, isopolar and radially symmetrical. Shape varied  

from oblate to oblate sphaeroidal in equatorial view and rounded triangular in polar view. The  

pores are longitudinal elongated. The exine is granular. 

Present record: 8830-C (co) (Figure 3g). Rarely occurred in well C. 

Measurements: 30-35 � m.   

Stratigraphic range: Upper Eocene in Ogwashi-Asaba Formation in southeastern Nigeria (Jan du 
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Chêne et al., 1978), Eocene in Cameroon, Togo, Niger and Gabon (Salard-Cheboldaeff, 1990). 

Botanical affinity: Jussiaea stenorraphe (Jan du Chêne et al., 1978). 

Genus Echitriporites Van Hoeken-Klinkenberg, 1964  

Echitriporites tranguliformis Van Hoeken-Klinkenberg, 1964 

Plate 4, fig. 4b 

1964 Echitriporites tranguliformis                   Van Hoeken-Klinkenberg p.310, Pl.10, figs. 1and2 

Description: Pollen grain is triporate and pores are circular. Shapes varied from triangular to 

circular. The surface covered by few and large spines. Exine is echinate. 

Present record: 2830-C (aw) (Figure 4b). Grains are rarely occurred in  

wells A and C. 

Measurements:  The grains size range from 25-30 µm 

Stratigraphic range: Eocene in Caribbean area and Nigeria (Germeraad et al., 1968) 

Botanical affinity: Proteaceae (Germeraad et al., 1968).  

Genus Momipites Wodehouse 1933.  

Momipites sp. 

Plate 5, fig. 5a 

Description: Pollen grain is triporate with semi-angular amb and convex interporia.  Pores are  

circular to meridionally elongate. Shape is oblate. Surface is covered with evenly spaced fine  

granules. 

Present record: 5680-C (d) (Figure 5a). Rarely occurred in wells A and C. 

Measurements: 20-25 µm. 

Stratigraphic range: Paleocene strata of Wyoming; Eocene in Colorado (Nichols and Ott, 1978).    

Botanical affinity: Unknown. 

Genus Proteacidites (Cookson 1950) ex Couper 1953 

Proteacidites sp. 

Plate 8, figs.  7b-d 

Description: Pollen grain is triporate and radially symmetrical with circular pores. Shape is  

triangular in outline in polar view and oblate in equatorial view. Exine varied from reticulate to  

foveolate.  
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Present record: 9650-A (ca) (Figure 7b); 1480-C (bu) (Figure 7c); 4300-C (f) (figure 7d). Grains  

rarely occurred in all the wells investigated.  

Genus Psilatriporites Khan, 1976 

Psilatriporites spp. 

Plate 8, fig. 8c-e, 

Description: Pollen grain is triporate and radially symmetrical with wider and circular pores. 

Shape is sub-circular in polar view and triangular in equatorial view. Exine is psilate. 

Present record: 3460-C (n) (Figure 8c); 2470-C (x) (Figure 8d); 2740-C (c) (Figure 8e). Grains  

are rarely occurred in well C. 

Measurements: 25-30 µm. 

Stratigraphic range: Paleocene-Eocene, Colombia and Venezuela (Pardo-Trujillo and Roche, 

2009). 

Botanical affinity: Unknown. 

Periporate pollen 

Genus Chenopodiaceae Wright et al., 1963 

 Chenopodipollis sp. 

Plate 3, fig. 3e 

Description: Pollen grain is periporate with spherical (elliptical) in an outline. The exine varied 

from scabrate to psilate. 

Present record: 6340-C (o) (Figure 3e). Commonly occurred in wells A, B and C. 

Measurements: 25-30 � m. 

Stratigraphic range: Late Cretaceous in western Canada (Srivastava, 1968), Oligocene- Miocene 

in Argentina (Guerstein et al., 2004), . 

Botanical affinity: Amaranthaceae (Guerstein et al., 2004). 

Genus Echiperiporites Van der Hammen and Wymstra, 1964 

Echiperiporites estalae Germeraad et al., 1968 

Plate 3, fig. 3l 

1968 Echiperiporites estalae                          Germeraad et al., p. 314, pl. X, fig. 1. 

Description: Pollen grain is periporate with pores slightly annulus. Shape is spherical. 

Surface covered by spines that thick at the base, conical and blunt. Tectum is smooth. 
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Present record: 6490-C (ag) (Figure 3l). Rarely occurred in wells A and C.  

Stratigraphic record: Eocene of southern Nigeria (Jan du Chêne and Salami 1978); 

Upper Eocene to Pleistocene, Nigeria (Germeraad et al., 1968); Lower Miocene, 

Cameroun (Salard-Cheboldaeff, 1979). 

Measurement: 40-45 � m. 

Botanical affinity: Malvaceae (Germeraad et al., 1968). 

Tricolpate pollen 

Genus Crototricolpites (Van Hoeken-Klinkenberg 1964) Van Hoeken-Klinkenberg 1966 

Crototricolpites densus Salard-Cheboldaeff 1978 

Plate 3, fig. 3h 

1978 Crototricolpites densus                          Salard-Cheboldaeff, p. 224, pl. 1, figs. 10- 12. 

Description: Pollen grain is tricolpate. Shape varied from triangular to sub circular. Exine is  

finely reticulated. 

Present record: 6580-C (n) (Figure 3h). Commonly occurred in well A, B and C. 

Measurements: 30-35 � m. 

Stratigraphic range: Early Miocene in Sudan (Eisawi and Schrank, 2008); Oligocene-Lower  

Miocene in Cameroun (Salard-Cheboldaeff, 1978); Lower-Middle Miocene in South India (Rao  

and Ramanujam, 1982). 

Botanical affinity: Euphorbiaceae (Salard-Cheboldaeff, 1978). 

Genus Dodonaea Miller, 1754  

Dodonaea�viscosa  Closs and West, 1993 

Plate 3, fig. 3k 

Description: Pollen grain is tricolpate with small circular pores. Shape is circular in equatorial 

view. Exine is thin with reticulate sculpture.  

Present record: 7850-A (ci) (Figure 3k). Rarely occurred in well A. 

Measurements: 
��

���    

Stratigraphic range:�Middle-Pleistocene in New Zealand (Mildenhall and Pocknall, 1989)�

 Botanical affinity: Sapindaceae (Closs and West, 1993). 

Genus Elaeis Erdtman, 1944 

Elaeis�guineensis Sowunmi, 1973 
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Plate 4, fig. 4d 

Description: Pollen grain is trichomonosulcate. Shape varied from circular to rounded-triangular. 

Sexine varied from tectate to semitectate. Rectum varied from reticulate to vermiculate without  

processes. 

Present record: 5860-C(s) (Figure 4d). Rarely occurred in wells A and C. 

Measurements: 25-30 µm. 

Stratigraphic range: Miocene-Pleistocene in Nigeria (���������	����   

Botanical affinity: Arecaceae. 

Genus Peregrinipollis Clarke, 1966 
Peregrinipollis nigericus Clarke, 1966 

Plate 6, figs. 6e-f 

1966 Peregrinipollis nigericus          Clarke, p 546, figs. 1-8. 

1978 Peregrinipollis nigericus          Legoux, p. 282, pl. 11, fig. 1. 

1979 Peregrinipollis nigericus          Salard-Cheboldaeff, pl II, fig. 6. 

2008 Peregrinipollis nigericus          Eisawi and Schrank, pl. 7, fig. 17. 

Description: Pollen grains are tricolpate. Shape varied from sub-spherical to prolate. 

Exine varied from coarsely reticulate to granular or finely verrucate or psilate. 

Present record: 7930-C(i) (Figure 6e); 9650-A(bs) (Figure 6f). Grains were recorded in all the 

wells investigated.  

Stratigraphic record: Upper Tertiary, Nigeria (Clarke 1966; Clarke and Frederiksen, 

1968); Mid-Eocene to Pliocene, Nigeria and Cameroun (Legoux, 1978); Upper 

Eocene to Oligocene in Sudan (Kaska, 1989); Late Miocene to Pliocene in Sudan 

(Eisawi and Schrank, 2008). 

Measurements: 40-45 µm. 

Botanical affinity: Unknown. 

Genus Marginipollis Clarke and Frederiksen, 1968  

Marginipollis concinnus Clarke and Frederiksen, 1968   

Plate 4, Fig. 4h 

1968 Marginipollis concinnus                     Clarke and Frederiksen, 1968, p.44:9, pl.2, figs. 1-9.   
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Description: Pollen grain is syncolpate i.e. 3-colpate. Shape varied from prolate-spheroidal to 

prolate. Exine is finely granular with irregular pits. 

Present record: 8540-A (en) (Figure 4h). Rarely occurred in well A. 

Measurements: 25-30 µm. 

Stratigraphic range: Palaeogene in Garo Hills, Meghalaya (Salujha et al. 1972). 

Botanical affinity: Malvaceae (Saxena and Trivedi, 2006). 

Genus Perfotricolpites González Guzmàn, 1967 

Perfotricolpites digitatus González Guzmán, 1967 

Plate 6, fig. 6g-h 

1967 Perfotricolpites digitatus       González Guzmán, p. 34, pl. VI, figs. 1a-f. 

1968 Perfotricolpites digitatus       Germeraad et al., pl. XII, fig. 10. 

1989 Perfotricolpites digitatus        Kaska, pl. 4, fig. 8. 

Description: Pollen grains are tricolpate and radially symmetrical. Shape is prolate  with long 

intruding colpi that have straight borders and pointed ends and indistinct pores. Exine is thin and 

finely reticulate to perforate in nature.    

Present record: 8470-C (v) (Figure 6g); 6580-C (q) (Figure 6h); 7060-C (d) (Figure 6i). Grains 

are rarely recorded in wells A, B and C. 

Stratigraphic record: Upper Eocene to Oligocene, Central Sudan (Kaska, 1989); 

Lower to Middle Eocene in Colombia (González Guzmàn, 1967); Upper Eocene to 

Recent, Caribbean area, Upper Eocene to Lower Miocene in Nigeria (Germeraad et 

al., 1968). 

Measurements: Length 40-50 µm. 

Botanical affinity: Unknown. 

Genus Retitricolpites (Van Der Hammen 1956) Van Der Hammen and Wymstra, 1964 

Retitricolpites sp. Jan Du Chêne, De Klasz and Archibong 1978a 

Plate 9, figs. 9g-h 

1978a Retitricolpites sp. Jan Du Chêne, De Klasz and Archibong, p. 132, pl. 3, figs. 7, 8. 

Description: Pollen grain is tricolpate, radially symmetrical and isopolar. Shape is prolate in  

equatorial view with long colpi with pointed ends. Exine is reticulate. 

Present record: 1480-C (cg) (Figure 9g); 4420-C (cg) (Figure 9h). Grains commonly occurred  
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in wells B and C. 

Measurements: 20-30 µm.  

Stratigraphic range: This species has been reported from the Upper Senonian of southwestern 

Nigeria (Jan du Chêne et al., 1978). 

Botanical affinity: Unknown. 

Genus Striatricolpites (Van Der Hammen, 1956b) ex Gonzalez, 1967 

Striatricolpites catatumbus Gonzalez, 1967  

Plate 10, fig. 10e 

1967 Striatricolpites catatumbus González Guzmán, pl. VIII, figs. 7-7a. 

1968 Striatricolpites catatumbus Germeraad et al., p. 321, pl. XII, fig. 4. 

1989 Striatopollis catatumbus Takahashi and Jux, p. 225, pl. 24, figs. 4-6, pl. 35, figs. 4-5. 

Description: Pollen grain is tricolpate, radially symmetrical, isopolar and prolate. Shape in polar  

view is trilobate to spherical. Colpi are ectexinous, long, intruding with straight simple borders  

and pointed ends. Pores are absent or indistinct. Exine is striate. 

Present record: 8560-C(au) (Figure 10e). Grains are commonly occurred in all the analyzed  

wells. 

Measurements: Length = 40 µm; width = 20 µm 

Stratigraphic range: Paleocene-Pleistocene in Nigeria (Germeraad et al., 1968); Upper  

Oligocene to Lower Miocene in Colombia (González Guzmán, 1967); Eocene to Pleistocene in  

Venezuela (Lorente, 1986). 

Botanical affinity: Fabaceae, Crudia (Takahashi and Jux, 1989). 

Genus Spirosyncolpites González Guzmán 1967 

Spirosyncolpites brunii Legoux 1978 

Plate 10, fig. 10c-d 

1978 Spirosyncolpites brunii Legoux, p. 281 pl. 13, figs. 5, 6; pl. 14, figs. 2, 3; pl. 15, figs. 1, 2. 

1989 Fagraeapollis reticulates Takahashi and Jux, p. 209 pl. 8, figs. 2, 3; pl. 9, figs. 1-2; pl. 32,  

figs. 5, 6. 

Description: Pollen grain is tricolpate with thicker exine. Shape varied from prolate to circular. 

Exine is retilated.  

Remarks: F. reticulatus (Takahashi and Jux, 1989) is a junior synonym of Spirosyncolpites 

brunii 
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(Legoux, 1978). The present material agree in all respects with the holotype pictured by  

Takahashi and Jux (1989) but differ in being relatively smaller (43 � m). 

Present record: 2740-C (y) (Figure 10c); 2560-C (ag) (Figure 10d). Grains are rarely occurred in 

wells A and C. 

Measurements: 30-40 � m  

Stratigraphic range: Mid-Eocene to Mid-Miocene, Nigeria and Cameroon (Legoux, 1978);  

Upper Oligocene-Lower Miocene of Nigeria (Takahashi and Jux, 1989). 

Botanical affinity: Loganiaceae, Fagraea sasakii (Takahashi and Jux 1989). 

Genus Tubifloridites Cookson ex Potonie, 1960 

Tubifloridites antipodica (Cookson) Potonie, 1960 

Plate 10, fig 10f 

Description; Pollen grain is tricolpate with conspicuous colpi. Shape varied from triangular to  

sub-prolate. Surface varied from echinate to granulate. 

Present record: 2380-C (w) (Figure 10f). Grains are rarely occurred in well C. 

Measurements: 30-35 µm. 

Stratigraphic range: Campanian, Almond Formation of Wyoming (Stone, 1973); Paleocene,  

Lebo Formation of Montana ((Norton and Hall, 1969); Maastrichtian, Lance of Wyoming 

(Farabee and Canright, 19 8 6). 

Botanical affinity: Asteraceae (Stuchlik et al., 2001, 2002, 2009). 

Stephanocolpate pollen 

Genus Ctenolophonidites Van Hoeken-Klinkenberg, 1966 

Ctenolophonidites costatus Van Hoeken-Klinkenberg, 1966 

Plate 3, fig. 3i 

1964 Stephanocolpites costatus Van Hoeken-Klinkenberg, p. 221, pl. 4, fig. 10. 

1966 Ctenolophonidites costatus Van Hoeken-Klinkenberg, p. 42. 

1968 Ctenolophonidites costatus Germeraad et al., p. 326, pl. 14, figs. 5-6. 

Description: Pollen grain is stephanocolpate with six to nine colpi. Shape is circular. Exine is 

costate.  

Present record: 7840-C (ac) (Figure 3i). Rarely occurred in well C. 
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Stratigraphic record: Maastrichtian to Recent in Nigeria (Germeraad et al., 1968); Upper Eocene, 

Nigeria (Jan du Chêne et al., 1978); Maastrichtian in Somalia, (Schrank, 1994); Eocene to 

Miocene, Cameroun (Salard-Cheboldaeff, 1979). 

Measurement: 20-25 � m. 

Botanical affinity: Ctenolophonaceae (Germeraad et al., 1968). 

Genus Cyperaceaepollis Cheeseman 1925; Moore and Edgar 1970 

Figure 3j, Cyperaceaepollis spp. 

Description: Pollen grain has no clearly defined apertures. Instead, It has ulcerate or 

elongate, slit-like, or spheroidal structures. Shape is either spheroidal or pear-shaped. 

Exine is tectate baculate. 

Presented record: 1300Cbp (fig. 3j). Abundantly occurred in wells  

A, B and C. 

Measurements 35-40 � m.  

Botanical affinity: Cyperus 

Genus Psilastephanocolpites Leidelmeyer 1966 

Psilastephanocolpites minor Kumar and Takahashi, 1991  

Plate 7, figs 7g-i 

Description: Pollen grain stephanocolporate with colpi short distinctly bordered. Shape is  

sub-prolate in polar view and circular in equatorial view. Surface is Psilate.  

Remarks: present forms are validating description and illustration that of “Psilastephanocolpites 

minutus A. Kumar and K. Takah.” in Bull. Fac. Liberal Arts Nagasaki Univ., Nat. Sci. 31(2):  

561, pl. 18, fig. 2, text-fig. 9. 1991 – Holotype: pl. 18, fig. 2, slide no. MA-247 (ii), 26.7 × 100.7,  

stored in the Palynology Laboratory of the K.D.M. Institute of Petroleum Exploration, Oil 

and Natural Gas Corporation Limited, Dehradun, India. 

Present record: 3280-C (r) (Figure 7g); 2290-C (ca��(Figure 7h);�2380-C (bk) (Figure 7i). Grains  

rarely occurred in well C. 

Stratigraphic range: Lower Miocene to Pliocene, Cameroun (Salard-Cheboldaeff, 1979). 

Measurements: 40-45 µm. 

Botanical affinity: cf. Melia, Malvaceae (Salard-Cheboldaeff, 1978). 

Retistephanocolpites gracilis Regali et al., 1974  
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Plate 9, figs. 9c-e 

Description: Pollen grain is stephanocolpate, radially symmetrical with 6-8 marginal colpi.  

Shape is spherical to circular. Exine varied from reticulate to foveoreticulate. 

Present record: 3550-C(ba) (Figure 9c); 2470-C (aj) (Figure 9d); 3280-C(q) (Figure 9e) 

Measurements: 25-30 µm. 

Stratigraphic range: Mesozoic-Cenozoic, Brazil (Regali et al, 1974). 

Botanical affinity: Unknown. 

Retistephanocolpites williamsii Germeraad Hopping and Muller 1968 

Plate 9, fig. 9f 

1968 Retistephanocolpites williamsii- Germeraad et al., p. 325, pl. 14, figs. 1, 2. 

1978 Retistephanocolpites williamsii- Adegoke et al., P. 277. 

1985 Retistephanocolpites williamsii- Salami, p. 12, pl. 1, fig. 11; pl 2, fig. 5. 

Description: Pollen grain is stephanocolpate, radially symmetrical and isopolar with 6-7 marginal  

colpi. Shape is oblate with reticulate to foveolate sculpture. 

Present record: 2380-C (i) (Figure 9 f). Grains are rarely occurred in wells A and C. 

Stratigraphic range: Lower Miocene- Pleistocene, Borneo and the Maastrichtian-Paleocene, SW 

Nigeria (Germeraad et al., 1968); Paleocene-Eocene and Eocene, Nigeria (Salami, 1985). 

Botanical affinity: Ctenolophonaceae, Ctenolophon parvifolius (Germeraad et al., 1968). 

Polyporate pollen 
Genus Malvacipollis Rao and Rajendran 1996 

Malvacipollis sp. Rao and Rajendran 1982 

Malvacipollis sp 

Plate 4, fig. 4g 

1996 Malvacipollis sp                                        Rao and Rajendran 1996 74, pl.3, fig.16 

Description: Pollen grain is polyporate. Shape is spheroidal with surface covered by small spines 

to a large polytreme type with long, sometimes distinctly dimorphic spines is recognized. 

Present record: 7750-C (ak) (Figure 4g). Rarely occurred in well C. 

Measurements: 30-35 µm.  

Stratigraphic range: Miocene in Quilon Formation (Rao and Rajendran 1996) 

Botanical affinity: Malvaceae (Saxena and Trivedi, 2006). 
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Monoporate pollen 

Genus Graminidites Cookson ex. Potonié, 1960 

Graminidites annulatus (Van der Hammen) Potonié, 1960 

Plate 5, figs. 5d-e 

1990 Monoporites annulatus Salard-Cheboldaeff, p. 19, pl. V, fig. 14. 

2008 Graminidites annulatus Eisawi and Schrank, pl. 7, fig. 14. 

Description: Pollen grain is monoporate with annular ring surrounded the pores; radially  

symmetrical. Exine is Psilate with very finely scabrate. Shape is almost spherical. 

Comment: The generic names “Graminidites” and “Monoporites” have been used 

interchangeably by different authors.  

Present record: 3370-C (cp) (Figure 5d); 3460-C (bx) (Figure 5e). Very widespread in the  

three wells investigated. 

Stratigraphic record: Middle Eocene to Recent in Nigeria and South America (Germeraad et al.,  

1968); Late Miocene to Pliocene in Sudan (Eisawi and Schrank, 2008). 

Measurements: 40-45 µm. 

Botanical affinity:  Poaceae (Gramineae) (Germeraad et al., 1968; Eisawi and Schrank, 2008). 

Genus Numulipollis Clarke and Frederiksen 1968 

Numulipollis neogenicus 

Plate 5, fig. 5g 

Description: Pollen grain is monoporate with the pore at the central of the grain. Shape is 

spherical in polar view.  The surface varied from smooth to reticulate. 

Present record: 5140C-b (k) (Figure 5g). Rarely occurred in well C. 

Botanical affinity: Unknown. 

Genus Pandanus Erdtman (1952) 

Pandanus sp. Kapoor et al. 2003: 182, 

Plate 6, fig. 6d 

Description: Pollen grain is monoporate with indistinct pore located at or near of the long axis  

pole. Pore, which is rarely annulate, is at time surrounded by echini. Shape is mostly elliptical  

and sometimes circular. Exine, which thickness is variable and thin, is echinate. Echini  are  

conical with broadened bases. Surface is coarsely scabrate ornamented especially in between  
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echini. 

Present record: 3280-C (an) (Figure 6d). Grains are rarely recorded in wells A and C. 

Measurements; 20-25 µm. 

Stratigraphic range:  Oligocene-Miocene in Dharmsala and 

Siwalik (Kapoor et al. 2003) 

Botanical affinity: Pandanaceae (Saxena and Trivedi, 2006). 

Dicolporate pollen 
Genus Multiareolites Germeraad et al., 1968 

Multiareolites formosus Germeraad et al., 1968 

Plate 5, fig. 5f 

1968 Multiareolites formosus                    Germeraad et al. p.299, pl.VI, figs.1-2. 

1989 Multiareolites formosus                    Ramanujam et al. p.28, pl.1, fig 8.  

Description: Pollen grain is Dicolporate with colpi narrow, straight borders and pointed ends. 

Pores are indistinct. Shape is oval in polar view. Exine varied from smooth to finely verrucate.  

Present record: 8560-C (ao) (Figure 5f). Grains rarely occurred in wells A and C. 

Measurements: 35-40 µm. 

Stratigraphic range: Miocene in southern India (Ramanujam et al., 1989); Eocene-Miocene in the 

Caribbean areas and Nigeria (Germeraad et al., 1968). 

Botanical affinity: Acanthaceae (Germeraad et al., 1968). 

Stephanoporate pollen 
Genus Echistephanoporites Leidelmeyer, 1966  

Echistephanoporites echinatus Muller 1968 

Plate 4, figs. 4a 

1968 Echistephanoporites echinatus                            Muller, 1968 

Description: Pollen grain is pentaporate, occasionally tetraporate with indistinct circular pores. 

Shape is spherical.  Surface is echinate with conical and blunt spines. 

Present record: 6940-C (i) (Figure 4a). Rarely occurred in wells  

A and  C. 

Measuments: 30-35 � m. 

Stratigraphic: Maastrichtian to Recent in Nigeria (Germeraad et al., 1968). 

Botanical affinity: Unknown. 
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Genus Pachydermites Germeraad, Hopping and Muller, 1968 

Pachydermites diederixi Germeraad, Hopping and Muller, 1968 

Plates 5 and 6, figs. 5l; figs. 6a-c 

1968 Pachydermites diederixi Germeraad et al., p. 314, pl. X, fig. 2. 

1978 Pachydermites diederixi Jan du Chêne et al., pl. 3, fig. 7. 

1992 Pachydermites diederixi Salard-Cheboldaeff et al., pl. VI, fig. 14. 

2008 Pachydermites diederixi Eisawi and Schrank, pl. 5, fig. 20. 

Description: Pollen grain is Stephanoporate and radially symmetrical with 4-5 pores. Grains is  

isopolar, oblate-sub-oblate. Shape is almost circular and irregular in outline with psilate exine.  

Present record: 7330-C (a) (Figure 5l); 7750-C (bk) (Figure 6a); 5370-B (bf) (Figure 6b);  

7850-A (ff) (Figure 6c). Very widespread in all the wells investigated. 

Stratigraphic range: Eocene to Miocene in Cameroun (Salard-Cheboldaeff, 1979); Mid- to Upper  

Miocene in Nigeria (Oboh et al., 1992); Lower Miocene to Post65 Miocene in Venezuela (Fasola  

et al., 1985); Oligocene to Miocene in Sudan (Eisawi and Schrank, 2008); Upper Miocene to  
Pleistocene in Venezuela (Lorente, 1986). 
Measurements: 36-40 µm. 

Botanical affinity: Guttiferae (Germeraad et al, 1968; Salard-Cheboldaeff, 1990). 

Polycolpate pollen 

Genus Polyadopollenites Pflug and Thomson, 1953 

Polyadopollenites vancampoae Takahashi and Jux, 1989 

Plate 6, figs. 6j  

1989 Polyadopollenites vancampoae Takahashi and Jux, p.270, pl.11, figs.4-6, pl.37, figs. 4-7. 

Description: Pollen grains are made up more than four polyads. Grains are polycolpate, while  

individual monads are pseudocolpate. Shape is circular and exine is finely reticulated. 

Present record: 2380-C (bm) (Figure 6j). Grains are rarely recorded in well C. 

Measurements: 30-35 µm  

Stratigraphic record: Tertiary, Nigeria (Takahashi and Jux, 1989); Paleocene sediments, Nigeria 

(Sowunmi, 1973). 

Botanical affinity: Leguminosae, Adenanthera (Takahashi and Jux, 1989). 
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Polycolporate pollen 

Genus Sapotaceoidaepollenites Potonie, Thomson and Thiergart, 1950 
Sapotaceoidaepollenites  spp. Muller, 1968. 

Plate 10, figs. 10a-b 

1968 Sapotaceoidaepollenites spp.    Muller, P.22, pl.5, fig.5 

Description: Pollen grain is tetracolporate with wide and pointed ends extexinous colpi. Pores are  

equatorially elongated. Shape is sub-prolate to barrel-shaped. Surface is pitted or finely  

foveolate.  

Present record: 2560-C (al) (Figure 10a); 6310-C (r) (Figure 10b). Grains are commonly  

occurred in all the analyzed wells. 

Measurements: length = 40-45 µm; width = 25-30 µm. 

Stratigraphic range: Late Miocene-Pliocene, Tipam Formation, Assam (Kumar, 1994) 

 Botanical affinity: Sapotaceae (Muller, 1968) .  

Genus Praedapollis  

Praedapollis flexibilis Legoux, 1978 

Plate 7, fig. 7a 

1978 Praedapollis flexibilis Legoux, p. 280, pl. 11, figs. 2-4, pl. 12, figs. 1-4. 

2008 Praedapollis flexibilis Eisawi and Schrank, pl. 6, fig. 11. 

Remarks: The present specimen differs from Legoux material in its smaller size. 

Present record: 5500-C (as) (Figure 7a). Grains rarely occurred in well C. 

Stratigraphic record: Mid Eocene to Pliocene, Nigeria and Cameroun (Legoux, 1978), 

Early Miocene, Sudan (Eisawi and Schrank, 2008); Lower Miocene; South of Douala,  

Cameroons �Boltenhagen and M. Salard, 1985; Legoux, 1978). 

Measurements: 30-35 µm. 

Botanical affinity: Unknown. 

Sphaerozonisulcate pollen 

Genus Nymphaeapollis Phadtare et al. 1994 

Nymphaeapollis clarus Dutta et al., 1994 

Plate 5, figs. 5h-j 

1994 Nymphaeapollis clarus              Dutta et al.1994, p.117, p.l 3, fig.42 
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Description: Pollen grain is sphaerozonisulcate with large operculum at the centre of the grain. 

Shape is spheroidal outline in polar view.  

Present record: 3100-C (aa) (Figure 5h); 3370C-b (u) (Figure 5i); 6490-C (ai) (Figure 5j). The 

grains commonly occurred in the three wells investigated. 

Measurements: 30-35 µm.   

Stratigraphic range: Early Miocene in Mizoram (Mandaokar, 2002);  

Paleocene-Early Eocene in Subathu and Basal Dharmsala (Misra and Kapoor, 1994). 

Botanical affinity: Nymphaea (Phadtare et al. 1994). 

 Genus Proxapertites Van Der Hammen 1956  

Proxapertites cursus Van Der Hammen 1956 

Plate 7, fig. 7e 

1956 Proxapertites cursus                            Van Der Hammen p.43, pl.III, fig.2. 

Description: Pollen grain is radially symmetrical and slightly anisopolar. Grains are separated  

into two unequal parts by a continuous equatorial colpus. Shape oblate in equatorial view and  

oval polar view. Exine is finely reticulated. 

Present record: 4210-C (bl)  (Figure 7e). Grains rarely occurred in well C. 

Measurements: 30-35 µm. 

Stratigraphic range: Paleocene, Colombia (Van der Hammen, 1956; Van der Hammen and  

Garcia de Mutis 1966); Paleocene-Early Eocene in tropical areas (Germeraad et al., 1968) and in  

Sudan (Kaska, 1989); Maastrichtian-Paleocene strata in Nigeria and Sudan (Salard-Cheboldaeff,  

1990; Awad, 1994). 

Botanical affinity: Palmae, Nypa (Muller, 1968). 

Stephanocolporate pollen 

Genus Psilastephanocolporites Leidelmeyer 1966 

Psilastephanocolpites minor Kumar and Takah, 1991 

Plate 7, figs. 7g-i 

Description: Pollen grain stephanocolporate with colpi short distinctly bordered. Shape is  

sub-prolate in polar view and circular in equatorial view. Surface is Psilate.  

Remarks: present forms are validating description and illustration that of “Psilastephanocolpites 

minutus A. Kumar and K. Takah.” in Bull. Fac. Liberal Arts Nagasaki Univ., Nat. Sci. 31(2): 
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561, pl. 18, fig. 2, text-fig. 9. 1991 – Holotype: pl. 18, fig. 2, slide no. MA-247 (ii), 26.7 × 100.7,  

stored in the Palynology Laboratory of the K.D.M. Institute of Petroleum Exploration, Oil 

and Natural Gas Corporation Limited, Dehradun, India. 

Present record: 3280-C (r) (Figure 7g); 2290-C (ca��(Figure 7h);�2380-C (bk) (Figure 7i). Grains  

rarely occurred in well C. 

Stratigraphic range: Lower Miocene to Pliocene, Cameroun (Salard-Cheboldaeff, 1979). 

Measurements: 40-45 µm. 

Botanical affinity: cf. Melia, Malvaceae (Salard-Cheboldaeff, 1978). 

Dinoflagellate Cysts 
Genus Brigantedinium Reid, 1974 

cf. Brigantedinium spp. 

Plate 11, fig. 11a 

Remarks. This group includes small, spherical (less than 45 µm diameter), brown, pigmented  

cysts having a somewhat crumpled appearance. An archeopyle was often indiscernible. 

Present record: 3460-C (ag) (Figure 11a). This group is rarely occurred in well C. 

Measuments:length = 40 µm, width = 30 µm. 

Genus Hystrichokolpoma Klumpp, 1953 emend. Williams and Downie, 1966 

Hystrichokolpoma rigaudiae Deflandre and Cookson, 1955 

Plate 11, fig. 11b 

Remarks: Sarjeant (1983) provided a comprehensive synonymy for H. rigaudiae and gave a  

range of upper Paleocene to Holocene (Harland, 1978); Lower-Middle Miocene, Baffin Bay  

(Head et al., 2006). 

Present record: 9010-C (l) (Figure 11b). H. rigaudiae is rarely occurred in well C. 

Measurements: length = 45 µm, width = 30 µm. 

Stratigrphic range: Lower upper Miocene, Norwegian Sea, Lower upper Miocene, Scotian  

Shelf/Grand (Williams and Bujak, 1977); Upper Miocene, northwest European  

continental shelf . 

Genus Impagidinium Stover and Evitt, 1978 

Impagidinium sp. 

Plate 11, fig. 12c 
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Description: Cyst body is ovoidal with a smooth to faintly granulated wall. Crests have straight  

to concave tops, and are highest at gonal junctions, giving the cyst a polygonal outline. Crest  

tops are irregularly serrated and sometimes have a ragged profile. There is little expression of  

tabulation within the parasulcal region. 

Present record: 2470-C (aa��(Figure 11c). These cysts are rarely occurred in well C.   

Measurements: length = 45-50 µm; width = 30-40 µm. 

Stratigraphic range: Miocene-Pliocene, northwest Europe (Harland, 1978); Miocene,  

Norwegian Sea ( Manum, 1976). 

Genus Leiosphaeridia Eisenack, 1958, emend. Downie and Sarjeant, 1963. 
Leiosphaeridia sp. 

Plate 11, fig. 11d 

Description: Main body is ovoidal/ellipsoidal to spherical, with a smooth surface unstructured  

hyaline wall and short slit-like pylome that usually occurs near the margin on compressed  

specimens. 

Present record: 8290-C (ak) (Figure 11d). There is rare occurrence of these cysts in well C. 

Measurement: length = 40 µm; width =30 µm. 

Genus Lejeunecysta Artzner and Dörhöfer, 1978 

Lejeunecysta sp.  

Plate 11, fig. 11e 

Description: Peridinioid, dorso-ventrally compressed, pentagonal ambitus. The apex is rounded  

to truncated. There are two conical shaped horns at the antapical region. The paracingulum is  

large and folded. The autophragm is without any ornamentation. The cysts sides are straight to  

irregular. 

Present record: 5320-C (y) (Figure 11e). There is rare occurrence of these cysts in well C. 

Measurements: Length 40 µm, width 30 µm. 

Genus Lingulodinium Wall, 1967 

Lingulodinium sp. cf. machaerophorum (Deflandre and Cookson) Wall, 1967 

Plate 11, fig. 11f 

cf. 1976 Lingulodinium machaerophorum Eaton, pl. 8, fig. 10. 

cf. 2002 Lingulodinium machaerophorum El-Beialy and Ali, fig. 4(1). 
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Present record: 8390-C (k) (Figure 11f). These forms are rarely occurred in well C. 

Stratigraphic record: Miocene in Egypt (El-Beialy and Ali, 2002), Eocene in Southern England  

(Eaton, 1976). 

Measurements: 50-55 µm. 

Genus Nematosphaeropsis Deflandre and Cookson, 1955 emend. Williams and Downie, 1966 

Nematosphaeropsis labyrinthea (Ostenfeld, 1903) Reid, 1974 

Plate 12, fig. 12a 

1974 Nematosphaeropsis labyrinthea                 Reid 

1984 Nematosphaeropsis lemniscata                   Bujak, Pl. 6, figs. 4, 8, 11 

Remarks: This species is considered to differ from N. labyrinthea (Ostenfeld, 1903) in having  

solid, narrow, ribbonlike trabeculae, rather than the thread-like trabeculae of the latter, although  

it is evident that N. labyrinthea needs to be reevaluated. 

Present record: 7830-C (cp) (Figure 12a). N. labyrinthea is rarely recorded in well C. 

Measurements: 45-50 µm. 

Stratigraphic range: Recorded in Late Miocene from Japan, northern Pacific, Bering Sea,  

Beaufort Sea, Grand Banks of Newfoundland (Bujak, 1984; Bujak and Matsuoka, 1986a,  

1986b).  

Genus Operculodinium Wall, 1967 

Operculodinium centrocarpum (Deflandre and Cookson, 1955) Wall, 1967, sensu lato 

Plate 12, fig. 12b 

Description: Central body is granulated with thin and finely fibrous processes that distally  

aculeate. The endophragm is thinner than the periphragm and is often barely discernible.  Shape  

is prolate to sub-prolate. 

Present record: 6490-C (d) (Figure 12b). These cysts are rarely recorded in well C. 

Measurements:  length = 50 µm; width = 35 µm.  

Operculodinium israelianum (Rossignol, 1962) Wall, 1967 

Plate 12, fig.12c 

Description: Central body is broadly ellipsoidal or possibly spherical with processes that take 

the form of verrucate or baculate. The processes are fibrous, acuminate and less numerous  

compare to O. centrocarpum.  
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Present record: 8650-C (b) (Figure 12C). Cysts are rarely recorded in well C. 

Measurements: length = 40 µm; width = 30 mµ. 

 Stratigraphic range: Pleistocene to Holocene stratigraphic (Harland, 1983; Morzadec-Kerfourn, 

1988); Lower Pleistocene sediments, British Isles (Harland, 1983; Wall and Dale, 1968 

Genus Polysphaeridium Davey and Williams, 1966 emend. Bujak et al., 1980 

Polysphaeridium zoharyl Head et al, 1986 

Plate 12, fig.12d 

Remarks: These cysts are large, thin-walled, and have a possible epicystal archeopyle. Processes  

are long and slender, with aculeate terminations. Processes appear septate because of distinctive  

and regularly spaced internal annular thickenings along the length of process stems.  

Present record: 7930-C (ap) (Figure 12c). Cysts are rarely occurred in all the investigated  wells. 

Measurements: length = 40 µm, width = µm. 

Stratigraphic record: Paleogene in Colombia (Jaramillo  and Dilcher, 2001); Late Paleocene to  

Early Eocene, Nigeria (Bankole et al., 2007). 

Genus Protoperidinium Bergh 1881 

Protoperidinium  sp. 

Plate 12, fig. 12e 

Description: Cysts body is sub-spherical with cingulum consists of three plates without a  

transitional plate. The posterior sulcal plate (Sp) is V-shaped and its posterior end forms a small  

indentation between the two antapical plates. Cysts are densely packed with numerous processes. 

Present record: 2380-C (ba) (Figure 12e). These cyst are rarely recorded in well C. 

Measurements: 20-25 µm. 

 
Genus Spiniferites Mantell, 1850 emend. Sarjeant, 1970 

Spiniferites sp. 

(Plate 12, fig. 12f) 

Description:  Thin-walled cysts with broadly ovoidal/ellipsoidal end cyst with fine bifurcated  

process. 

Present record: 8650-C (y) (Figure 12f). These cysts rarely occurred in well C. 

Measurements: length 30-40µm; width = 30-35 µm. 
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Stratigraphic range: Miocene-lower Pliocene, northern and western Pacific (Bujak and  

Matsuoka, 1986a). 

Spiniferites pseudofurcatus (Klumpp, 1953) Sarjeant, 1970 emend. Sarjeant, 1981 

(Plate 13, fig. 13a) 

Remarks: The cysts are large and robust species with distinctive process terminations. Processes  

gonal, with long or short trifurcate (and bifurcate) terminations that may bear short secondary  

bifurcations.  Periphragm extended antapically, imparting a characteristic elongate outline to  

cyst. 

Measurements: length = 40-50µm; width = 30-35 µm. 

Stratigraphic range: Pleistocene, Norwegian Sea (El-Beialy, 1988a); Pliocene-Pleistocene, 

offshore  

West Africa (Williams, 1978).  

Silicoflagellates 
Genus Distephanus Stohr, 1880 

Distephanus boliviensis Frenguelli, 1935 

Plate 13, figs. 13b-c 

Description: The six-sided Distephanus exhibit considerable variability.  

A large basal ring and robust skeletal elements characterize this group. It is differentiated  

from Distephanus speculum that are smaller and have a more fragile appearance. D. boliviensis  

dealt with in this study generally had long six equal spines.  

Present record: 5100-B (f) (Figure 13b). D. boliviensis is rarely occurred in wells A and B. 

Measurements: Diameter = 40 µm; length of spine = 10 µm. �

Genus Naviculopsis Frenguelli, 1940 

Naviculopsis robusta Deflandre, 1950a 

Plate 13, fig. 13c 

1950a Naviculopsis robusta          Deflandre p.74, figs. 227-230. 

Description: The outline of the basal ring is a rounded hexagon, short and broad. The sides of the  

basal ring are straight or slightly convex. The two polar radial spines are well developed. They  

are approximately the same length as or somewhat shorter than the length of the body. The  
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skeleton is tubular except for small flat triangular areas between the basal and apical rods. The  

specimens seen here were smooth.  

Present record: 6390-B (al) (Figure 13c). N. robusta is rarely recorded in wells A and B. 

Measurements: 35-40 µm; length of spine = 15 µm. 

Freshwater Algae 

Genus Botryococcus Kutzing, 1849 

Botryococcus braunii (Kutzing) Martinez et al., 2008 

Plate 14, figs. 14b-e 

2008 Botryococcus sp. cf. B. braunii    Martinez et al. p. 723, figs 3.15-3.20, 3.22 

Description: Botrycoccus braunii make up an individual cell appears cuneiform with sizes range from 

3–5 µm. Cells combine to form small, radially arranged colonies. A small colony is about 30–75 µm  

in size. Generally, the ectexine of Botryococcus is too thin for fossil preservation and becomes  

amorphic kerogen, but it can be preserved in a strong reducing environment. 

Present record: 7830-C (bq) (Figure 14b); 8020-C (ac) (Figure 14c); 5680-C (bw) (Figure 14d); 8560- 

C (a) (Figure 14e). Colonies of B. braunii are rarely recorded in all the analyzed wells.  

  
Genus Pediastrum Knight and Martin, 1989 

Pediastrum sp.; Knight and Martin, 1989 

 Plate 14, fig. 14f 

1989 Pediastrum sp.                          Knight and Martin p.287, fig. 6D. 

1997 Pediastrum sp.                          Barreda,  p.70, pl.1, fig.10.  

Description: Microfossil algae, compact flat coenobia, presence of small, conical lobes, long  

horns in the external cells and finely granulated cell wall. 

Present record: 6040-C (ab) (Figure 14f). This freshwater algae is rarely occurred in  

wells A, B and C.   

Measurements: 60-70 µm.                 
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PLATE 1 
Sample number-well name (slide label) are given for each of the illustrated specimen.  

Note: The microscope coordinate of these figures were not given because an England finder  

graticule is not available for this purpose. The coordinates noted in all the subsequent plate  

captions were derived from Zeiss Axiophot-2 microscope located at the ESI palynology  

laboratory. 

Monolete spores 
Figures 1a-b, Laevigatosporite javanicus. 

3280-C (as) Coord. 152.7/17.4 (Figure 1a) 
8560-C (f) Coord. 151.7/16.4  (Figure 1b) 

Figures 1 Verrucatosporites sp. 
6220-C (cm) Coord. 141.7/19.3  (Figure 1c) 
Figures 1d Verrucatosporites ornatus. 
4210-C (au) Coord. 102.7/15.4  (Figure 1d) 

Trilete spores 
Figures 1e-f, Acrostichum aureum 
5140-C (as) Coord. 59/104   (Figure 1e) 
5140-C (bp) Coord. 50.7/104 (Figure 1f) 

Figure 1g, Crassoretitriletes vanraadshooveni 
7820-B Coord. 102.7/15.4  (g ) 
Figure 1h, Echitriletes sp. 
3460-C Coord. 102.7/19.4  (cc) 

Figure 1i-j, Foveosporites canalis 
3370-C (cc) Coord. 102.7/15.4  (Figure 1i) 

3280-C (o) Coord. 92.7/30.4   (Figure 1j) 
Figures 1k-l, Granulatisporites spp. 
6580-C(o) Coord. 102.7/15.4 (Figure 1k) 

6220-C (cq) Coord. 104.7/54.8  (Figure 1l) 
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PLATE 2 
Figure 2a, Lycopodium neogenicus 

3460-C Coord. 102.7/15.4 (u)  
Figures 2b-c, Lycopodium spp. 

3280-C (ag) 141.2/19.3 (Figure 2b) 
1390-C (aa) 122.3/18.7 (Figure 2c) 

Figures 2d, Cyatheacidites sp. (reworked) 
9800-A (cj) 123.5/19.8 (Figure 2d) 

Figure 2e, Polypodiaceoisporites retirugatus 
9800-A (bu) Coord. 102.7/15.4   (Figure 2e) 

Figure 2f, Rugulatisporites sp. 
3550-C Coord. 101.9/20.4   (cd) 

Figures 2g-h, Selaginella myosorus 
1480-C (u) Coord. 102.7/15.4 (Figure 2g) 

1480-C (t) Coord. 151.8/10.4 (Figure 2h) 
Figures 2i-j, Stereisporites sp. 

4300-C (ap) Coord. 152/12.2(Figure 2i) 
1390-C (aq) Coord. 102.7/15.4   (Figure 2j) 

Gymnosperm pollen 
Figures 2k-l, Podocarpus milanjianus 

6580-C (b) Coord. 48.9/123.2 (Figure 2k) 
7030-C (y) Coord. 52.6/98.5 (Figure 2l) 
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PLATE 3 

Angiosperm pollen 
Figure 3a, Anthocleista pollen 

4000-C 4 (ao) Coord. 40.7/90.8    
Figures 3b, Arecipites exilimuratus 

5050-C (bn) Coord. 36.7/106.4   (Figure 3b) 
Figure 3c, Brevicolporites guinetii  

2380-C (be) Coord. 46.7/100.4    
Figure 3d, Retitriporites (Canthiumidites) sp��

6580-C (r) Coord. 40.7/109.8  
Figures 3e, Chenopodipollis sp. 

6340-C (o) Coord. 40.7/90.8 
Figures 3f, Clavamonocolpites spp. 

3460-C (ay) Coord. 47.7/90.8   
Figure 3g Corsinipollenites cf. jussiaeensis 

8830-C (co) Coord. 90.7/89.8    
Figure 3h, Crotontricolporites�densus 

6580-C (n) Coord. 60.7/90.8 
Figure 3i, Ctenolophonidites costatus 

7840-C (ac) Coord. 40.7/90.8 
Figure 3j Cyperaceaepollis sp. 

1300-C (bp) Coord. 70.7/90.8 (fig. 4g) 
Figure 3k, Dodonea viscosa 
7850-A (ci) Coord. 30.0/59.1 

Figure 3l, Echiperiporites estalae 
6490-C (ag) Coord. 30.8/58.9 
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PLATE 4 
Figure 4a, Echistephanoporites echinatus 

6940-C (i) Coord. 26.1/71.5 
Figures 4b, Echitriporites tranguliformis 

2830-C (aw) Coord. 25.1/69.1 (Figure 4b) 
Figure 4c, Echitricolporites spinosus 

3280-C (i) Coord. 25.0/64.8 
Figure 4d, Elaeis�guineensis 
5860-C (s) Coord. 26.0/63.9 

Figures 4e, Fenestrites spinosus 
3010-C (e) Coord. 25.0/54.9 (fig. 4e) 
Figures 5f, Gemmamonocolporites sp. 
2650-C (af) Coord. 24.98/54.3 (fig. 4f) 

Figure 4g, Mauritiidites sp. 
7750-C (ak) Coord.24.5/52.9 (fig. 4g) 
Figure 4h, Marginipollis concinnus 

8540-A (en) Coord. 24.5/48.3 (fig. 4h) 
Figures 4i-j, Margocolporites sp 
6880-C (c) Coord. 24.4/102.1 (fig. 4f) 
6130-C (am) Coord. 24.5/48.0 (fig. 4g) 

Figure 4k-l, Margocolporites vanwijhei 
8650-C (x) Coord. 24.48/47.9 (fig. 4k) 

5860-C (ao) Coord. 24.2/67.8 (fig. 4l) 
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PLATE 5  

Figure 5a, Mauritiidites sp. 
5500-C (bb) Coord.13.3/70.5  
Figure 5b, Momipites sp. 
5680-C (d) Coord. 3.5/70.9 

Figure 5c, Monocolpopollinites sphaeroidites 
3640-C (i) Coord. 65.9/120.2 

Figures 5d-e, Monoporites annulatus 
3370-C (cp) Coord. 45/104.8 (fig. 5d) 

3460-C (bx) Coord. 67.8/104.5 (fig. 5e) 
Figures 5f, Multiareolites formosus 

8560-C (ao) Coord. 45.8/75.8 
Figure 5g, Numulipollis neogenicus 

5140C-b (k) Coord. 104.7/89.5 
Figures 5h-j, Nymphaeapollis clarus 
3100-C (aa) Coord. 40.6/70.2 (fig. 5h) 

3370C-b  (u) Coord. 90.7/102.3 (fig. 5i) 
6490-C (ai) Coord. 45.9/90.3 (fig. 5j) 

Figure 5k, Olax spp. 
7850-A (aa) Coord. 87.9/98.4 

Figure 5l, Pachydermites diederixi 
7330-C (a) Coord. 104.8/39.8 
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PLATE 6  

Figures 6a-c, Pachydermites diederixi 
7750-C (bk) Coord. 11.4/70.0 (fig. 6a) 
5370-B (bf) Coord. 97.0/34.6 (fig. 6b) 

7850-A (ff) Coord. 13.5/70.3 (fig.6c) 
Figure 6d, Pandanus spp. 
3280-C (an) Coord. 140.3/19.6 

Figures 6e-f, Peregrinipollis nigericus 
7930-C (i) Coord. 102/30.7 (fig.6e) 

9650-A (bs) Coord. 45.7/97.9 (fig. 6f) 
Figures 6g-h, Perfotricolpites digitatus 

8470-C (v) Coord. 104.4/87.5 (fig. 6g) 
6580-C (q) Coord. 93.7/46.7 (fig. 6h) 
7060-C (d) Coord. 87.0/56.9 (fig. 6i) 

Figure 6j, Polyadopollinites vancampoae 
2380-C (bm) Coord. 145.9/20.0 
Figures 6k, Polygonium sp. 

3010-C (aw) Coord. 23.4/78.3 (fig. 6k) 
Figures 6l, Spirosyncolpites bruni 
4210-C (h) Coord. 35.6/70.5 (fig. 6l) 
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PLATE 7 
Figure 7a, Praedapollis flexibilis 

5500-C (as) Coord. 25.1/60.5 
Figures 7b-d Proteacidites sp 

9650-A (ca) Coord. 26.1/60.5 (fig. 7b) 
1480-C (bu) Coord. 25.1/61.0 (fig. 7c) 
4300-C (f) Coord. 25.3/63.7 (fig. 7d) 
Figure 7e, Proxapertites cursus 

4210-C (bl) Coord. 25.1/62.5 
Figure 7f, Psilamonocolpites spp. 

9800-A (cr) Coord. 26.3/63.5 
Figures 7g-i, Psilastephanocolpites minor 

3280-C (r ) Coord. 26.1/63.9 (fig. 7g) 
2290-C (ca ) Coord. 26.1/64.0 (fig. 7h) 
2380-C (bk) Coord. 26.1/67.1 (fig.7i) 
Figure 7j, Psilatricolporites spp. 

8560-C (s ) Coord. 26.1/70.0 
Figures 7k-l, Psilatricolporites crassus 

2200-C (bq) Coord. 70.1/68.8 (fig. 7k) 
1390-C (ck) Coord. 56.7/78.9 (fig. 7l) 
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PLATE 8  

Figure 8a, Psilatricolporites spp 
2740-C (ah) Coord. 54.7/78.9 

Figure 8b, Psilatricolpites operculatus 
1480-C (al) Coord. 25.3/63.7 

Figures 8c-e, Psilatriporites spp. 
3460-C (n) Coord. 25.1/62.5 (fig. 8c) 

2470-C (x) Coord. 26.3/63.5 (fig. 8d) 
2740-C (c) Coord. 26.1/63.9 (fig. 8e) 
Figure 8f, Racemonocolpites spp. 

5950-C (ak) Coord. 26.1/64.8 
Figure 8g, Racemonocolpites hians 

7930-C (ag) Coord. 26.7/67.1 
Figure 8h, Retimonocolpites spp. 

6760-C (o) Coord. 56.7/87.9 
Figures, 8i-l, Retibrevitricolporites obodoensis 

6220-C (x) Coord. 67.8/98.3 (fig. 8i) 
6220-C (co) Coord. 87.3/78.9 (fig. 8j) 
6610-C (n) Coord. 98.5/89.3 (fig. 8k) 
7240-C (k) Coord. 25.6/78.9 (fig. 8l) 
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PLATE 9 
Figures 9a-b, Retibrevicolporites triangulatus 

5590-C (aq) Coord. 78.9/100.6 (fig. 9a) 
3640-C (d) Coord. 56.6/78.5 (fig. 9b) 

Figures 9 c-e, Retistephanocolpites gracillis 
3550-C (ba) Coord. 97.8/78.9 (fig. 9c) 
2470-C (aj) Coord. 57.3/87.9 (fig. 9d) 
3280-C (q) Coord. 23.4/45.6 (fig. 9e) 

Figure 9f, Retistephanocolpites williamsi 
2380-C (i) Coord. 76.8/54.6 

Figures 9g-h, Retitricolpites gageonneti  
1480-C (cg) Coord. 23.4/45.6 (fig. 9g) 

4420-C (cg) Coord. 89.9/78.9 (fig. 9h) 
Figures 9i-j, Retitricolporites guianensis 

2380-C (af) Coord. 69.9/87.5 (fig. 9i) 
2560-C (ae) Coord. 54.6/76.8 (fig. 9j) 

Figure 9k, Retitricolporites spp  
2740 Cae Coord. 102.3/19.9 (fig. 9k) 

Figure 9l Retitricolporites irregularis 
2470-C (ae) Coord. 101.7/18.9 
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PLATE 10 

Figure 10a Psilastephanocolporites laevigatus 
2560-C (al) Coord. 103.6/17.7 (fig. 10a) 

     Figure 10a Psilastephanocolporites scabratus 
6310-C (r) Coord. 145.8/20.0 (fig. 10b) 

Figure 10c-d Spirosyncolpites bruni 
2740-C (y) Coord. 141.3/19.7 (fig. 10c) 
2560-C (ag) Coord. 142.8/23.4 (fig. 10d) 

Figure 10e Striatopollis catatumbus 
8560-C (au) Coord. 141.9/15.7 

Figure 10 f Tubifloridites antipodica 
2380-C (w) Coord. 23/5/14.9 

Figures 10g-h Uapaca sp. 
3010-C (x) Coord.  82.3/78.9(fig. 10g) 
5140-C (ae) Coord. 23.4 57.6 (fig, 10h) 

Figure 10i-j Zonocostites duquei 
9800-A (ab) Coord. 140.3/17.9 (fig. 10i) 
9800-A (bs) Coord. 141.7/19.0 (fig. 10j) 

Figure 10k-l Zonocostites ramonae 
6130-C (ai) Coord. 115.8/23.5 (fig. 10k) 
7930-C (aj) Coord. 35.9/78.9 (fig. 10l) 

 
 

 



	���
�

 

 

 

 

 

 



	���
�

PLATE 11 

Figure 11a Brigantedinium sp 
3460-C (ag) 145.6/26.7 

Figure 11b Hystrichokolpoma rigaudiae 
9010-C (l) Coord. 112.7/19.7 
Figure 11c Impagidinium sp 

2470-C (aa� Coord. 130.9/97.9�
Figure 11d Leisphaeridia sp 

8290-C (ak) Coord. 23.4/56.7 
Figure 11e Lejeunecysta sp 

5320-C (y) Coord. 157.9/35.6 
Figure 11f Lingulodinium machaerophorum 

8390-C (k) Coord. 84.6/98.0 
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PLATE 12 

Figure 12a Nematosphaeropsis labyrinthea 
7830-C (cp) Coord. 67.5/34.8 

Figure 12b Operculodinium centrocarpum 
6490-C (d) Coord. 97.8 87.6 

Figure 12c Operculodinium israelianum 
8650-C (b) Coord. 53.4/67.9 

Figure 12d Polysphaeridium zoharyi 
7930-C (ap) Coord. 109.8/23.4 
Figure 12e Protoperidinium spp 
2380-C (ba) Coord. 78.9/90.2 

Figure 12f Spiniferites membranaceus 
8650-C (y) Coord. 145.3/115.6 
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PLATE 13 

Figure 13a Spiniferites pseudofurcatus 
8390-C (o) Coord. 143.7/19.0 

Figures 13b Distephanus boliviensis (Silicoflagellate sp.) 
5100-B (f) Coord. 143.9/23.4�

Figure 13c Naviculopsis robusta (Silicoflagellate sp.) 
6390-B (al) Coord. 57.6/78.9 
Figure 13d Scolecodont sp.  
Figure 13e Diatom frustule 

5620-C (bx) Coord. 57.9/89.3 
Figure 13f Diatom frustule 

3370-C (be) Coord. 83.7/90.8 
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PLATE 14 

Figure 14a Microforaminiferal wall-lining 
7850-A (ct) Coord. 87.9/90.3 

Figure 14b Botryococcus braunii 
7830-C (bq) Coord. 56.9/90.8 
Figure 14c-d Botryococcus sp 
8020-C (ac) Coord. 87.9/56.6 
5680-C (bw) Coord. 45.6/76.8 

Figure 14e Concentricytes circulus 
3100-C (w) Coord. 65.9/56.6 

Figure 14f Pediastrum sp 
6040-C (ab) Coord. 23.4/67.8 
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PLATE 15 

Figures 15a-b Aletesporites spp 
8180-A (ho) Coord. 89.7/98.9 (fig. 15a) 
9470-A (l) Coord. 79.8/93.4 (fig. 15b) 

Figures 15c-f fungal spore 
7330-C (c) Coord. 23.4/57.8 (fig. 15c) 
3280-C (l) Coord. 40.9/112.3 (fig. 15d) 
3280-C (w) Coord. 35.5/113.9 (fig. 15e) 
3550-C (am) Coord. 78.9./56.7 (fig. 15f) 
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PLATE 16 

Figures 16a-c fungal spore 
3550-C (cb) Coord. 57.8/88.7 (fig. 16a) 
3820-C (s) Coord. 75.6/78.9 (fig. 16b) 
7330-C (q) Coord. 66.8/99.8 (fig. 16c) 

Figure 16d Marathiaceae spore 
7820-A (ap) Coord. 57.6/83.4 

Figure 16e-f Dinoflagellate cysts indet. 
6840-B (ag) Coord. 99.8/77.6 (fig. 16e) 
3730-C (aa) Coord. 102.3/79.0 (fig. 16f) 
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                    Appendix A2: Vertical distribution of palynomorphs in Well A 
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        Appendix A2 cont.: Table showing vertical distribution of palynomorphs in Well A 
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                      Appendix A3: Vertical distribution of palynomorphs in Well B




�
�
�

 

         Appendix A4: Vertical distribution of palynomorphs in Well C
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         Appendix A5: Table showing biostratigraphic event values in wells A, B and C  

Taxa Well A Well B WellC 

Tops (Ft.) Bases (Ft) Tops (Ft.) Bases (Ft.) Tops (Ft.) bases (Ft.) 

Zonocostites ramonae 2350 9920 4830 8340 1300 8950 
Zonocostites duquei 2350 9800 4920 6630 5350 6070 
Psilatricolporites crassus 2350 9800 4830 8340 1300 8950 
Arecipites sp. 2350 9740 5280 8160 1390 8230 
Pacydermites diederixi 2350 9920 4830 8340 1570 8770 
Acrostichum aureum 2350 9920 5280 8160 1300 8950 
Nympheaepollis clarus 2350 9740 4920 8160 1390 8860 
Retibrevitricolporites obodoensis 2350 9800 4830 8250 1300 8950 
Retricolporites Irregularis 2350 9800 4830 8160 1300 8950 
Gemmamonoporites spp. 2420 9800 4830 6810 1390 8590 
Laevigatosporites sp. 2350 9920 4830 8340 1300 8950 
Verrucatosporites sp. 2350 9920 4830 8340 1300 8950 
Crotontricolpites densus 2520 9800 4920 8160 1300 8950 
Striatopollis catatumbus 2420 9800 4830 8250 1390 8590 
Psilatricolpites operculatus 2420 9740 5370 6720 1480 8410 
Crassoretitriletes vanraadshooveni 2420 9800 7620 7890 0 0 
Psilastephanocolporites spp. 2350 9920 4830 8340 1300 8950 
Stereisporites sp. 4610 9800 4830 7620 1300 8950 
Polypodiaceoisporites spp. 2350 9920 4920 8340 1300 8950 
Racemocolpites hians 4640 6710 5730 6540 2830 7870 
Retimonocolpites spp. 4850 9920 4830 6810 1570 8590 
Psilamonocolpites spp. 2350 9800 4830 8340 1300 8770 
Monoporites annulatus 2350 9920 4830 8340 1300 8950 
Cyperaceaepollis sp. 5900 9800 4830 8340 1300 8590 
Chenopodipollis sp. 3890 9800 4830 7890 1300 8860 
Proteacidites cooksoni 4610 9740 4830 8160 1750 8770 
Peregrinipollis nigericus 6530 9650 5190 8070 1300 8590 
Retistephanocolpites gracilis 2350 9800 4920 7170 1480 8860 
Botryococcus spp. 2350 9920 4830 8250 1300 8770 
Pediastrum spp. 4880  9800 5100 8160 1300 8500 
Concentricytes circulus 7460 9650 5460 8070 1390 8230 
Fungal spore 2350 9800 4920 8340 1300 8950 

 
    Appendix A6: Table Showing the Botanical Affinities of Some Selected Palynomorphs 
                             of  Niger Delta (adopted from Germeraad et al. (1968); Salard-    

                              Cheboldaeff (1981); Sowunmi (1981); Frederiksen, (1985); Rao (2001);   

                               Rull (2003), Eisawi and Schrank (2008) and Durugbo (2010).  

Botanical affinities of selected palynomorphs recovered from Wells A, 
B and C of Deep Offshore Niger Delta, Nigeria 
S/NO        SPECIES BOTANICAL AFFINITY ECOLOGICAL 
1 Acrostichum aureum Pteridaceae Mangrove(Armentrout,  

et al. 1999) 

2 Arecipites exilimuratus Arecaceae Beach 
3 Brevicolporites guinetii Leguminosaceae Lowland Rainforest 
4 Canthium sp. Rubiaceae-Randia    sp. Lowland Rainforest 

5 Chenopodipollis sp. Chenopodipodiaceae-Amaranthaceae Savanna 
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6 Crassoretitriletes vanraadshooveni Lygodium microphyllum-  Marsh and Swamp forest 

7 Crotontricolpites crotonoisculptus Euphorbiaceae- Klaineanthus? Freshwater swamp 

8 Ctenolophonidites costatus Ctenotophon englerianum -  
Ctenolophonaceae 

Freshwater swamp 

9 Cyperaceaepollis Cyperus Savanna 

10 Cyathidites minor Cyatheaceae-Dicksoniaceae  Freshwater swamp 

11 Corsinipollenites jussiaeensis Onagraceae Lowland Rainforest 

12 Echitricolporites spinosus Asteraceae Savanna 

13 Elaeis guineensis Palmae Palmae 

14 Fenestrites spinosus Asteraceae  Savanna 

15 Laevigatosporites sp. Polypodiaceae Freshwater swamp 

16 Lycopodium sp. Lycopodiaceae  Freshwater swamp 

17 Monoporites annulatus Graminae Savanna 

18 Multiareolites formosus Acanthaceae-Justicia type Savanna 

19 Numulipollis neogenicus Leguminosaceae-Acanthaceae Savanna 

20 Pachydermites diederixi Guttiferae - Symphonia globulifera Brackishwater swamp 

21 

Peregrinipollis nigericus 
Caesalpinioides -Brachystegia cf. 
 peltophorum  

Savanna 

22 Polyadopollenites vancampoi Leguminosaceae- Acacia (sect Vulgaris) Savanna 

23 Podocarpus milanjianus Podocarpadaceae Montane 

24 Polypodiaceoisporites spp. Adiantiaceae - Pteris Lowland Rainforest 

25 Proteacidites spp., P. cooksoni  Proteaceae Savanna 

26 Proxapertites cursus Nypa Araceae 

27 Psilamonocolpites spp.  Ancistrophyllum  Palmae 

28 Psilatricolporites crassus Euphorbiaceae Mangrove  

29 Psilatricolporites operculatus Euphorbiaceae -Alchornea Freshwater swamp 

30 Racemonocolpites hians Palmae Palmae 

31 Retibrevitricolporites obodoensis Rubiaceae Freshwater swamp 

32 Retimonocolpites sp.  Palmae 

33 Retistephanocolpites gracilis Rubiaceae-Borreria Savanna 

34 Retistephanocolpites williamsi Ctenolophonaceae -Ctenolophon sp.  Freshwater swamp 

35 Retitricolporites irregularis   Euphorbiaceae - Amanoa  Freshwater swamp 

36 Retitricolporites guianensis Sterculiaceae - Grewia  ?Lowland Rainforest 

37 Psilastephanocolporites spp. Sapotaceae  Lowland Rainforest 

38 Spirosyncolpites bruni Caesalpinaceae - Peltophorum cf. mansonia 

Lowland Rainforest 
39 Stereisporites sp. ?Sphagnaceae- Sphagnum Lowland Rainforest 
40 Tubifloridites antipodica Asteraceae Savanna 

41 Verrucatosporites spp., 
  

Polypodiaceae Freshwater swamp 
42 Verrutricolporites sp. Lythaceae - Crenea Brackishwater swamp 

43 Zonocostites ramonae, Z. duquei  Rhizophoraceae Mangrove 
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Appendix B1: The results of lithofacies analysis of Well A 

Depth intervals (Feet) Facies Thickness(Feet) Lithology description 

2000-2221 210 Coarse-grained, ferruginous sandstone  

2210-2300 90 Fine-grained, ferruginous sandy shale 

2300-2420 120 Medium-grained, ferruginous sandstone 

2420-2450 30 Carbonaceous, fine-grained sandy shale  

2450-2480 30 Carbonaceous, fine-grained sandstone 

2480-2510 30 Carbonaceous, fine to medium-grained Shaly sand 

2510-2540 30 Fine-grained andstone 

2540-2570 30 Fine graine with shell fragment, shaly sand 

2570-2600 30 Fine-grained sandstone 

2600-2630 30 Carbonaceous, fine-grained sandy shaly 

2630-2900 270 Carbonaceous, very fine-grained sandstone 

2900-2930 30 Carbonaceous, very fine-grained shale sand 

2930-2960 30 Very fine-grained shale 

2960-2990 30 Fine-grained sandy shale 

2990-3020 30 Medium-grained shaly sand 

3020-3050 30 Coarse-grained sandstone 

3050-3080 30 Very fine-graned shale 

3080-3110 30 Fine grained shaly sand 

3110-3140 30 Fine-grained sandy shale 

3140-3830 690 Medium-grained sandstone 

3830-4070 240 Fine-grained shaly sand 

4070-4670 600 Fine to medium-grained sandstone 

4670-4700 30 Fine grained sandy shale 

4700-4760 60 Fine-medium-grained sandstone 

4760-4940 180 Fine-graine shaly sand 

4940-4970 30 Medium-grained sandy shale 

4970-5000 30 Medium-grained shaly sand 

5000-5030 30 Fine to medium-grained sandy shale 

5030-5180 150 Very fine-grained shale 

5180-5240 60 Medium-grained sandy shale 

5240-5270 30 Fine-grained shaly sand 

5270-5300 30 fine to coarse-grained sandstone 

5300-5360 60 Very fine-grained shale 

5360-5390 30 Medium-grained sandy shale 

5390-5480 90 Very fine-grained shale 

5480-5510 30 Fine-grained sand shale 

5510-5600 90 Very fine-grined shale 

5600-5630 30 Medium-grained sandy shale 

5630-5810 180 Very fine-grained shale 

5810-5900 90 Medium to coarse-grained sandstone 

5900-5960 60 Medium-grained shaly sand 

5960-5990 30 medium to coarse-grained sandstone 
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5990-6050 60 Fine-grained shaly sand 

6050-6110 600 Coarse-grained sandstone 

6110-6170 60 Medium-grained shaly sand 

6170-6200 30 Fine grained sandstone 

6200-6290 90 Fine-grained shaly sand 

6290-6320 30 Fine-grained sandstone 

6320-6560 240 medium-grained sandy shale 

6560-7160 600 Very fine-grained shale 

7160-7190 30 Fine-grained sandy shale 

7190-7640 400 Very fine-grained shale 

7640-7670 30 medium-grained sandy shale 

7670-8760 1090 Very fine-grained shale 

8760-8780 30 Coarse-grained sandstone 

8780-9080 300 Medium-grained shaly sand 

9080-9440 360 Ferruginous, coarse-grained sandstone 

9440-9470 30 Very fine to fine-grained shaly sand 

9470-9560 90 Fine-grained Sand shale 

9560-9590 30 Very fine-grained shale 

9590-9620 30 Fine-grained sandy shale 

9620-9710 90 Very fine-grained Shale 

9710-9740 30 Fine-grained Sandy shale 

9740-9770 30 Medium-grained shaly sand 

9770-9800 30 Coarse-grained sandstone 

9800-9860 60 Very fine-grained shale 

9860-9920 60 Medium-grained sandy shale 

9920-9950 30 Medium-grained shaly sand 

9950-9980 30 Medium-grained sandstone 

9980-10190 210 Medium-grained sandy shale 

10190-10250 60 Fine-grained shaly sand 

10250-10340 90 Medium-grained sandy shale 

 

Appendix B2: The results of lithofacies analysis of Well B 

Depth intervals (Feet) Facies Thickness(Feet) Lithologic description 

4830-4860 30 Carboniferous,meium to fine-grained sandy shale 

4860-5770 930 Carboniferous, very fingraine shale 

5790-5900 120 Carboniferous, medium-grained sandy shale 

5900-5930 30 Carboniferous, very coarse-grained sandstone 

5930-6030 100 Fine-grained shale sand 

6030-7200 1170 Fine-grained shale 

7200-7260 60 Fine-grained sand shale 

7260-7730 470 Very fine-grained shale 

7730-7760 30 Medium-grained shaly sand 

7760-7790 30 Coarse-grained sandstone 

7790-7960 170 Medium-grained shaly sand 
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7960-8020 60 Fine-grained sand shale 

8020-8300 280 Very fine-grained shale 

 

Appendix B3: The results of the lithofacies analysis of Well C 

Depth intervals (Feet) Facies Thickness(Feet) Lithology 

1300-1425 125 Carboniferous medium to fine-grained sandstone 

1425-1475 30 Micaceous, very fine-grained shale 

1475-1500 25 Carboniferous medium-grained sandstone 

1500-1675 175 Carboniferous, fine-grained sandy shale 

1675-1750 75 Micaceous, carboniferous, medium-grained sandstone 

1750-1875 125 Fine-grained sandy shale 

1875-1950 75 Fine-grained sandstone 

1950-2025 75 Medium-grained sandy shale 

2025-2075 50 Coarsegrained sandstone 

2075-2475 400 Medium-grained sandy shale 

2475-2500 25 Medium to coarse-grained sandstone 

2500-2675 170 Fine-grained sandy shale 

2675-2725 50 Medium-grained sandstone 

2725-2800 75 Fine-grained sandy shale 

2800-3000 200 Coarse-grained sandstone 

3000-3500 500 Fine-grained sandy shale 

3500-4050 550 Medium-grained sandstone 

4050-4350 300 Medium-grained sandy shale 

4350-4450 100 Medium-grained sandstone 

4450-4725 175 Fine tomedium-grained sandy shale 

4735-4850 125 Medium-grained sandstone 

4850-4900 50 Fine-grained sand shale 

4900-5075 175 Coarse-grained sandstone 

5075-5525 450 Fine-grained sand shale 

5525-5700 175 Medium-grained sandstone 

5700-5875 175 Fine-grained sandy shale 

5875-5900 25 Medium-grained sandstone 

5900-5950 50 Fine to medium-grained sandy shale 

5950-6000 50 Fine to coarse-grained sandstone 

6000-7200 1200 Fine-grained sandy shale 

7200-7300 100 Coarse-grained sandstone 

7300-7325 25 Fine-grained sand shale 

7325-7350 25 Medium-grained sandstone 

7350-7400 50 Fine-grained sand shale 

7400-7450 50 Medium-grained sandstone 

7450-7550 100 Medium-grained sand shale 

7550-7575 25 Fine to medium-grained sandstone 

7575-7625 50 Medium-grained sandy shale 
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7625-7650 25 Medium-grained sandstone 

7650-7900 250 Carbonaceous, fine-grained sand shale 

7900-8000 100 Crbonaceous, fine to medium-grained sandstone 

8000-8050 50 Fine-grained sandy shale 

8050-8175 125 Medium-grained sandstone 

8175-8400 225 Fine-grained sandy shale 

8400-8500 100 Medium-grained sandstone 

8500-8575 75 Medium-grained sand shale 

8575-9000 425 Medium- to coarse-grained sandstone 

9000-9525 525 Medium-grained sandy shale 

9525-9885 360 Medium-grained sandstone 

9885-10250 365 Very fine-grained sandy shale 

10250-10575 325 Medium-grained sandstone 

10575-10750 175 Fine-grained sandy shale 

 

Appendix C1: The results of the sequence stratigraphic analysis of well A using  
                          GR-log shape 

Depth Intervals (Feet) Sequence Stratigraphic interpretation 

Sequence System Tracts Key Surfaces System Tracts Key Surfaces 
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Appendix C2: The result of the sequence stratigraphical analysis of well B using  
                          GR-log shape 

Depth Intervals (Feet) Sequence Stratigraphic interpretation 

Sequence System Tracts Key Surfaces System Tracts Key Surfaces 
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Appendix C3: The results of the sequence stratigraphical analysis of well C using GR-    
                         log shape 

Depth Intervals (Feet) Sequence Stratigraphic interpretation 
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