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Abstract— A sequence stratigraphic and depositional 

environment interpretation study was carried out in the 

study area using available biofacies data, sidewall core 

report and core photos of wells AY1 and AY3 as provided. 

The study area had four wells AY1, AY2, AY3 and AY4, 

and showed presence of hydrocarbon at different depths of 

sand bodies U, V and W from well log section information 

given. Six main lithofacies were identified and interpreted 

as; Cross bedded coarse grained sandstone, Cross bedded 

medium grained sandstone, Planar/Parallel laminated 

sandstone, Wavy rippled sandy heterolith, Parallel laminated 

mudstone and Wavy rippled heterolith. The sequence 

stratigraphic study revealed that the lithofacies of the 

lowstand system tract comprise of the cross-bedded coarse 

grained sandstone and the cross-bedded medium grained 

sandstone. The highstand lithofacies comprises of the cross-

bedded medium grained sandstone, Parallel/Planar 

laminated sandstone and Wavy rippled sandy heterolith. The 

transgressive system tract acts comprises lithofacies of 

Parallel laminated mudstone (MPL) and wavy rippled 

muddy heterolith (MWH). The three hydrocarbon oil 

bearing reservoirs(sand U, V and W) seen across the four 

wells, have two of these reservoirs; sand U and W  within 

the lowstand system tract (LST) while the sand V is within 

the HST. The transgressive system tract acts as the seal. 
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I. INTRODUCTION 

A vital key in sequence stratigraphy is the recognition and 

correlation of changes in depositional trends, as these 

changes which are caused by tectonic movements, eustatic 

sea level change, compaction and climate change, produces 

the boundary units of sequence stratigraphy. Base level 

movements produces two main types of depositional trends: 

Base level rise and Base level fall. 

In base level rise, there is creation of 

accommodation space and landward expansion of the basin 

margin with non-marine strata progressively onlapping 

underlying subaerial unconformity. At the initial stage of 

base level rise, much sediments still gets to the marine area 

and still allows basinward regression of the shoreline. 

However, with continous base level rise, there is a reduced 

fluvial gradient and an increased sediment storage in the 

non-marine portion, and thus the sediments transported to 

the marine area is reduced. Progressively, the rate of base 

level rise would exceed the rate of sediment supply and this 

would bring about transgression. As transgression sets in, an 

erosion surface known as shoreface ravinement occurs. This 

transgression process causes deposition of finer sediments 

due to increased distance from sediment source and a 

reduced supply to the marine area. There is a change from 

preceding coarsening upward regression to a fining-upward 

transgression trend, and the horizon that marks the change, 

is known as maximum regressive surface. Gradually, after a 

maximum base level rise, the rate of base level rise would 

decrease and the rate of sedimentation would be higher. The 

shoreline would reverse direction and regress seaward, 

causing an increased sedimentation to the marine basin, and 

a shift from fining upward to a coarsening upward trend. 

The horizon that marks this change is known as the 

maximum flooding surface. 

Summarily, following the rise of the sea level, a 

drowned river-mouth estuary is formed as the incised valley 

gets filled up with sediments. This sediment source is both 

from fluvial river sediments, and open marine sediments, 

and the volume of sediment infill from either sides, 

determines the type of geometry of the valley (Allen and 

Posamentier 1993; Nichols and Biggs, 1985). Different 

types of depositional environments can be observed within 

an estuary: tidal channel complex, tidal flat, meandering, 

braided, back barrier island, bay-head delta and shoreface 

environments. There is a seaward increase in the quantity of 

ichnofauna, bioturbation, bioclastic diversity and size, and 

presence of coal and carbonaceous materials (Zaitlin et. al., 

1994). 

II. SIGNIFICANCE OF THE STUDY 

Sequence stratigraphy integrates time and relative sea-level 

changes to track the migration of sedimentary facies. 

Sequence stratigraphy is a worthwhile study as it considers 

depositional environment settings and the fact that 

depositional systems vary in a predictive manner within the 

sedimentary cycles, and thus a range of stratigraphic 

geometries and the associated hydrocarbon play types are 

developed. The prediction about reservoir potential based on 

sequence stratigraphy depends on the changes in global sea-

level, tectonic movements and how they affect lithologic 

facies and boundaries. Reservoir models are constructed to 

gain a better understanding of the subsurface, thus leading to 

better well placements, reserve estimation and production 

planning. 

III. LOCATION OF THE STUDY AREA 

The study area is located within the onshore, central swamp 

depobelt at the south-eastern portion of the Niger Delta. 

IV. GEOLOGY OF THE NIGER DELTA 

Doust and Omatsola (1990) established that from the eocene 

to recent, the delta prograded south-westward, forming 

depobelts, representing the most active portion of the delta 

at each stage of its development (fig.1 and fig.2). Overtime 

as accommodation space got filled, the locus of deposition 

shifted basinward and thus the depobelts changed position 
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as they were previously formed when the path of sediment 

supply got restricted by patterns of structural deformation. 

 
Fig. 1:  Coastline of the Niger Delta progradation 

 
Fig. 2: Niger Delta map showing various since 35 Ma. 

(Doust andOmatsola, 1990) sedimentary units – Depobelts 

(www.indigopool.com) 

The depobelts consist of transient basinal areas 

succeeding one another in space and time as the delta 

progrades southward. It forms the structurally and 

depositionally most active portion of the delta at each stage 

of its development.  

Six depobelts have been recognized in the Niger 

Delta (Fig.2): Northern Delta, Greater Ughelli, Central 

swamp 1, Central swamp 2, Coastal Swamp 1 and 2, and 

offshore, each defined in terms of the age of its paralic 

sequence and the age of the alluvial sands that cap the 

paralic sequence. 

A. Northern Delta Depobelt 

Its parallic sequence age is late Eocene – early Miocene. 

This depobelt overlies shallower basement and contains 

oldest growth fault. The delta edge or northern delta 

province is its structural province of deposition. 

B. Greater Ughelli Depobelt 

Its ranges in age from Oligocene – early Miocene. Its 

structural province of deposition is the central delta with 

different distinguished simple structures that could be 

grouped as megastructures. 

C. Central swamp Depobelt 

This depobelt is subdivided into; central swamp 1 and 

central swamp 2. 

1) Central Swamp 1: 

Its paralic sequence age is between early to middle Miocene. 

The structural province is on the central delta and has 

growth faults and deeper rollover crest shifting towards the 

south on sediment deposition. 

2) Central Swamp 2: 

Its paralic sequence age is middle Miocene. The structural 

province is on central delta, and it is a part of deltaic portion 

of the sequence deposited on delta front, delta top-set and 

alluvial deltaic environments. Both simple and large 

structures are found here. 

3) Coastal Swamp Depobelt: 

This depobelt is subdivided into the; coastal swamp 1 

depobelt and coastal swamp 2 depobelt. Their paralic 

sequence age ranges from middle to late Miocene. Their 

structural province of deposition is on the distal delta. This 

depobelt is made up of large and complex structures. 

4) Offshore Depobelt: 

Its paralic sequence age ranges between late Miocene to 

Pliocene. The structural province is the distal delta. This 

depobelt comprises of large and complex structures, having 

large steeply regional flanks cut by K-faults, collapsed crest, 

etc. 

V. LITERATURE REVIEW 

A depositional sequence is a complete cycle of sea-level 

change, and is made up of sediments deposited during a 

cycle; from high sea level to low sea level and back to high 

sea level. The strata that constitute a depositional sequence 

is collectively known as depositional system. In a particular 

part of the cycle are deposited sediments known as system 

tract.  

From the depositional sequence of sequence 

stratigraphy, five sequence stratigraphic models in use 

(Depositional sequence II, III, IV, genetic sequences and 

transgressive – regressive sequences) have presently 

emerged. (Table 1). Some studies grouped these models into 

three: Depositional stratigraphic sequence model (Mitchum 

et. al., 1977), Genetic statigraphic sequence model 

(Galloway, 1989) and Transgressive – Regressive (T-R) 

sequence model (Embry and Johannessen, 1992). 

The depositional stratigraphic model (Mitchum et. 

al., 1977) recognises the subaerial unconformity at shoreline 

stage and its baselevel marine correlative conformity at sea 

floor onset or end of forced regression as sequence 

boundary, depending on the depositional stratigraphic 

sequence. The falling stage system tract is observed in 

depositional sequence IV. The genetic stratigraphic 

sequence model (Galloway, 1989), identifies the marine 

flooding surface as sequence boundaries while the 

transgressive – regressive (T-R) sequence model (Embry 

and Johannessen, 1992) identifies sub-aerial unconformities 

and/or ravinement surfaces and their correlative maximum 

regressive surfaces . 
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Table 1: Sequence stratigraphic models and system tracts 

(from Catuneau, 2006) Abbreviations: LST-lowstand system 

tract; TST-transgressive systems tract; HST-highstand 

systems tract; FSST-falling stage system tract; RST-

regressive systems tract; T-R—trangressive-regressive; 

MFS- maximum flooding surface; MRS- maximum 

regressive surface. CC*-correlative conformity sensu  

(Posamentier and Allen, 1999); CC**- correlative 

conformity sensu (Hunt and Tucker, 1992). 

Rocks are deposited within a particular time 

interval, within a depositional sequence and system tract. 

These intervals are recognized stratigraphically from 

seismic, well log or outcrop data, and using biostratigraphy 

to date the age of the interval. Depending on sea level 

conditions, three major system tracts could be recognized: 

highstand system tract (HST), lowstand system tract (LST), 

and transgressive system tract (TST)(Vail 1987). These 

system tracts are dependent on relative sea level and 

shoreline behavior, and thus have their depositional features 

settings associated to each (figs.3,4, and tables 2a, 2b). 

 
Fig. 3: System tracts in a depositional sequence (Modified 

after Posamentier et.al., 1988) 

 
Fig. 4: Summarised stratal geometries and patterns of 

system tracts within a depositional sequence (Coe et. al., 

2003) 

 
Table 2a: Tabular summarised features of Key stratigraphic 

surfaces within a depositional sequence (Coe et. al., 2003 

 
Table 2b: Tabular summarised features of Key stratigraphic 

surfaces within a depositional sequence (Coe et. al., 2003) 
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VI. METHOD OF THE STUDY 

The study area had four wells AY1, AY2, AY3 and AY4. 

The well log section of the four wells were available and 

showed presence of hydrocarbon at different depths of sand 

bodies U, V and W (fig. 5). This information was used with 

biofacies data, sidewall core report and core photos of wells 

AY1 and AY4 as provided. These data were integrated to do 

a sequence stratigraphic study and depositional environment 

interpretation of the study area.  

 
Fig. 5: Well Section of well AY1 of Study Area 

VII. RESULTS AND DISCUSSION 

Six main lithofacies were identified and interpreted as; 

Cross bedded coarse grained sandstone, Cross bedded 

medium grained sandstone, Planar/Parallel laminated 

sandstone, Wavy rippled sandy heterolith, Parallel laminated 

mudstone and Wavy rippled heterolith. 

 Cross-Bedded Coarse Grained Sandstone: It is 

predominantly coarse grained, subangular to 

subrounded, with thin interbed of fine-very fine grained 

laminae. There is an observed angled cross 

stratification. Presence of lignite streaks. It has 

suggestive characteristics of fluvial depositional 

system; poorly sorted, coarse grained and sharp erosive 

base that confirms a high energy flow regime (Plate 1). 

 Cross-Bedded Medium Grained Sandstone: They are 

moderately well sorted, fine to medium grained, and 

sedimentary structure suggests high energy flow 

deposition. This is attributed as fluvial environment. It 

contains organic material, carbonaceous/argillaceous 

bands, mud clast and coal laminae (Plate 2). 

 

Plate 1: Cross-Bedded Coarse Grained Sandstone (6750-

6914, 10910-10915 and 10210-11215 ft intervals in well 

AY1) 

 Planar/Parallel Laminated Sandsone: The sandstones 

are medium to fine grained, with amalgamated planar to 

parallel laminated feature. They are moderately well 

sorted. It has a greyish colour, carbonaceous and 

argillaceous, which indicates fluvially influenced. There 

are however calcerous materials, suggesting shallow 

marine environment (Plate 3). 

 Wavy Rippled Sandy Heterolith: The sands are 

moderately to well sorted, presence of current ripples, 

with heterolith thin layers intercalation of shale units. 

This is suggesting an alternating high and low energies 

of deposition. It is attributed to facies of distal middle 

shoreface to tidal flat along margins of the coast (Plate 

4). 

 Parallel Laminated Mudstone: High percentage of shale 

with an alternation of shales and streaks of silty sand 

laminae. It is parallel laminated and moderately fissile. 

It has a dark colour grey colouration, indicating high 

organic content, which is fluvially influenced deltaic 

environment. The grain size is very fine and parallel 

laminated features indicative of an upper flow regime, 

and presence of glacuonite, suggesting shallow marine, 

upper shoreface setting (Plate 5). 

 Wavy Rippled Muddy Heterolith: This has a high 

percentage content of mud with thin layers of 

interbedded sand and silt. This suggest low energy 

environment. The colour is very dark grey, and seen 

lenticular laminations. It is bioturbated, suggesting 

shallow marine environment (Plate 6). 

 
Plate 2: Cross-Bedded Medium Grained Sandstone (7308 – 

7518, 10812-10818, 10948-10952, 11220 -11224 ft intervals 

in well AY1 and 6500-6605 in well AY4). 
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Plate 3: Planar/Parallel Laminated Sandstone (7810-8055, 

8112 -8206, 8410 -8414 ft intervals in well AY1 and 6715-

7058, 9200-9283, 9480 – 9515, 9900-9904 ft intervals in 

well AY4) 

 
Plate 4: Wavy Rippled Sandy Heterolith ( 8100 – 8105, 

8305 – 8308 ft intervals in well X1 and 7212-7645, 8910 -

9113, 9290 – 9414, 9618- 9815 ft intervals in well AY4). 

 
Plate 5: Parallel Laminated Mudstone (8800 – 9104, 9450 – 

10255 ft intervals in well AY1 and 7810-8104 ft intervals in 

well AY4). 

 
Plate 6: Wavy Rippled Muddy Heterolith (8515 -8520, 9218 

-9222, 10330 – 10515 ft interval in well AY11 and 8215-

8805, 10108 – 10115 ft interval in well AY4) 

Sequence stratigraphic studies using well logs and 

biostratigraphic data revealed two depositional sequences 

within the interval penetrated by the four wells. These 

sequences were deposited between the early to late Miocene 

period and water depth ranging from coastal deltaic to 

shallow marine neritic environment. Two maximum 

flooding surfaces (MFS1 and MFS2) were identified at 

depth intervals of 9540ft and 11640ft in well AY1. The 

maximum flooding surfaces were recognised as containing 

high abundance and diversities of three index fossils 

(Uvigerina 5, Glogerinoides primordius and Bolivina 25) 

within the two regional marker shales in the field. Three 

sequence boundaries (SB1, SB2 and SB3) were identified at 

depth intervals of 7290ft, 11300ft and 12200ft respectively 

in well AY1.  These intervals were barren of faunal activity, 

corresponding to erosional surfaces. They were picked at 

ages 16.7ma, 15.5ma and 13.1ma respectively. The system 

tracts: Highstand system tract (HST), Lowstand system tract 

(LST) and Transgressive system tract (TST), were identified 

as respectively having aggradational, progradational and 

retrogradational patterns, resulting from regression and 

transgression activities.  

VIII. CONCLUSION 

The lithofacies of the lowstand system tract comprise of the 

cross-bedded coarse grained sandstone and the cross-bedded 

medium grained sandstone. The highstand lithofacies 

comprises of the cross-bedded medium grained sandstone, 

Parallel/Planar laminated sandstone and Wavy rippled sandy 

heterolith. The transgressive system tract acts comprises 

lithofacies of Parallel laminated mudstone (MPL) and wavy 

rippled muddy heterolith (MWH). The three hydrocarbon oil 

bearing reservoirs(sand U, V and W) seen across the four 

wells, have two of these reservoirs, sand U and W  within 

the lowstand system tract (LST) while the sand V is within 

the HST. The transgressive system tract acts as the seal. 

The study area can be described as stretching 

between the deltaic and shallow neritic marine depositional 

environment. 
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