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ABSTRACT 

The Niger Delta is a prolific oil province in the West African Subcontinent. Although the 

geology, tectonics and evolution of the Eocene-Pliocene sequences of the Niger Delta is fairly 

known, it is expected that our knowledge of the Niger Delta shall grow immensely with the 

application of new analytical tools, concepts and models such as ‘sequence stratigraphy’ which 

is a relatively new but proven concept. Sequence stratigraphic analysis and petrophysical 

evaluation of the reservoir intervals in the study area using wireline logs (gamma ray, 

neutron/density, and resistivity) of three wells and lithofacies interpretation of core data was 

carried out.The sequence stratigraphic analysis reveals two maximum flooding surfaces and 

one sequence boundary defining one genetic stratigraphic sequence within the study area. The 

genetic sequence in the study area was divided into transgressive systems tract (TST); and 

highstand systems tracts (HST), though they vary in thickness from well to well. The 

Hydrocarbon bearing sands distributions appear to be controlled by the positions of the system 

tracts with the transgressive system tracts in the fields containing high quality reservoir sands 

while the high stand system tracts hold more of the less developed reserves. Petrophysical 

properties evaluatedsuggests that the reservoirs within the wells are good enough for 

commercial accumulation and hence production of hydrocarbons in the ‘X’- Field, Coastal 

Swamp Depobelt of the Niger Delta. 
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1. Introduction 

The Niger Delta is situated in the Gulf of Guinea (Fig. 1.1) and extends throughout the Niger 

Delta Province as defined by Klett and others (1997). From the Eocene to the present, the delta 

has prograded southwestward, forming Depobelts that represent the most active portion of the 

delta at each stage of its development (Doust and Omatsola, 1990). These Depobelts form one 

of the largest regressive deltas in the world with an area of about 300,000 km2(Kulke, 1995), a 

sediment volume of 500,000 km3 (Hospers, 1965), and a sediment thickness of over 10 km in 

the basin depocenter (Kaplan and others,1994). Formation of the Coastal Swamp Depobelt was 

initiatedin the Middle Miocene, in this time lower progradation and subsidence rates 

accompanied by down to basin faulting (dominant in older depobelts to the North) gave way to 

higher progradation  and subsidence rates. The Niger Delta Province contains only one 

identified petroleum system (Kulke, 1995; Ekweozor and Daukoru, 1994). This system is 

referred to here as the Tertiary Niger Delta (Akata –Agbada) Petroleum System.  

The study is aimed at determining the reservoir characteristics of ‘X’ field using the following 

objectives;interpreting the petrophysical properties of the reservoir penetrated by the wells, 

interpreting the environment of deposition of the various reservoir intervals, providing a 

sequence stratigraphic analysis for the intervals and correlating the various reservoir intervals to 

obtain a geologic framework for 3D- static model of the field. 

This study focuses on the Coastal Swamp Depobelt of the Niger Delta. 
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1.1 Study area 

The study area is located in Coastal Swamp Depobelt which is bounded from the North and   

Central swamp Depobelt by a regional fault which is trending in North West and South Eastern 

direction and to the southern part a counter-regional fault separating it from the Offshore 

Depobelt (Fig 1.1). 

 

 

Fig. 1.1. Schematic diagram showing Niger Delta Depobelts and the location of ‘X’-field within 

the study area (Shell Petroleum Development Company of Nigeria). 

1.2 Tectonic Setting 

The tectonic framework of the continental margin along the West Coast of equatorial Africa is 

controlled by Cretaceous fracture zones expressed as trenches and ridges in the deep Atlantic 

(Fig. 1.2). The fracture zone ridges subdivide the margin into individual basins, and in Nigeria, 

form the boundary faults of the Cretaceous Benue-Abakaliki trough, which cuts far into the 

West African shield. The trough represents a failed arm of a rift triple junction associated with 

the opening of the South Atlantic. In this region, rifting started in the Late Jurassic and persisted 

into the Middle Cretaceous (Lehner and De Ruiter, 1977). In Niger Delta region, rifting 

diminished altogether in the Late Cretaceous (Fig. 1.3). 

After rifting ceased, gravity tectonism became the primary deformational process. Shale 

mobility induced internal deformation and occurred in response to two processes (Kulke, 1995). 

First, shale diapirs formed from loading of poorly compacted, over-pressured, prodelta and 

delta-slope clays (Akata Formation.) by the higher density delta-front sands (Agbada 

Formation..). Second, slope instability occurred due to lack of lateral basinward, and support for 

the under-compacted delta-slope clays (Akata Formation).  

For any given depobelt, gravity tectonics were completed before deposition of the Benin 

Formation and are expressed in complex structures, including shale diapirs, roll-over anticlines, 

collapsed growth fault crests, back-to-back features, and steeply dipping, closely spaced flank 

 X FIELD 
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faults (Evamy and others,1978; Xiao and Suppe, 1992). These faults mostly offset different 

parts of the Agbada Formation and flatten into detachment planes near the top. 

 

Fig. 1.2. Location map of Nigeria showing the Niger Delta, the main Sedimentary Basins and 

Tectonic Features. (Corredor et al., 005). 

1.3 Stratigraphy 

The Tertiary section of the Niger Delta is divided into three formations, representing prograding 

depositional facies that are distinguished mostly on the basis of sand-shale ratios. The type 

sections of these formations are described in Short and Stäuble (1967) and summarized in a 

variety of papers (e.g. Avbobvo, 1978; Doust and Omatola, 1990; Kulke,1995). The Akata 

Formation at the base of the delta is of marine origin and is composed of thick shale sequences 

(potential source rock), turbidite sand (potential reservoirs in deep water), and minor amounts of 

clay and silt. Beginning in the Paleocene and through the Recent, the Akata Formation formed 

during lowstands when terrestrial organic matter and clays were transported to deep water areas 

characterized by low energy conditions and oxygen deficiency (Stacher, 1995).  

Deposition of the overlying Agbada Formation, the major petroleum-bearing unit began in  
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Fig. 1.3 Schematic diagrams (A-D) showing crustal evolution and growth of the Niger Delta 

from failed arm of the rift (R-R-R) triple junction (Burke et. al., 1972). 

the Eocene and continues into the Recent The formation consists of paralic siliciclastics over 

3700 meters thick and represents the actual deltaic portion of the sequence. The clastics 

accumulated in delta-front, delta-topset, and fluvio-deltaic environments. In the lower Agbada 

Formation, shale and sandstone beds were deposited in equal proportions, however, the upper 

portion is mostly sand with only minor shale interbeds. The Agbada Formation is overlain by 

the third formation, the Benin Formation, a continental latest Eocene to Recent deposit of 

alluvial and upper coastal plain sands that are up to 2000 m thick (Avbovbo, 1978). Deposition 

of the three formations occurred in each of the five offlapping siliciclastic sedimentation cycles 

that comprise the Niger Delta (Fig. 1.4).These cycles (depobelts) are 30-60 kilometers wide, 

prograde southwestward 250 kilometers over oceanic crust into the Gulf of Guinea (Stacher, 

1995) , and are defined by synsedimentary faulting that occurred in response to variable rates of 

subsidence and sediment supply (Doust and Omatsola, 1990).  

2. Data and Methodology 

The data used in this study includes: petrophysical well logs of three wells (Gamma ray, 

Resistivity, Neutron-Density,) core photographs and structure contours  maps. 
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Fig. 1.4 Distribution of the five off lapping depobelts in Niger delta (Doust and Omatsola, 

1990) 

2.1 Well Log Sequence Stratigraphy 

The sequence stratigraphic procedure followed in this study involved these recognition of 

patterns that reflect changing water depths (tectno-eustatic) and distribution of accumulated 

sediments (sediment supply) within depositional cycles by Armentrout et al., (1993).  

The well log motifs were first used to define possible coarsening or fining upward units within 

forestepping, vertically stacked, or backstepping succession (Houseknect et al., 2004; Rider, 

2004). Core data of well X8 was then integrated into these logs motifs for core to log matching 

and determination of depositional environments and correlated across other wells using pattern 

matching correlation techniques. The definition of genetic stratigraphic sequence as a 

sedimentary veneer or surface that records the depositional hiatus which occurs over much of 

the transgressed shelf and adjacent slope during maximum marine flooding as described by 

Galloway (1989) has been followed. This is because in the Niger Delta, transgressive shales 

abound which define flooding surfaces while unconformities defined by discontinuities, offlap 

and baselap are rare and where present are mostly discontinuous. Also the transgressive shales 

contain foraminifera which make relative dating feasible and hence, the assigning of maximum 

flooding surfaces. 

Using neutron-density log data (plotted on a sandstone scale and unaffected by washouts), 

flooding surfaces within marine shales are best identified by locating the point of maximum 

separation between the neutron and density porosities. This point also corresponds to the lowest 

shale resistivity (Fig.  2.1). However, care must be taken if using resistivity logs alone, as 

water-bearing sands can exhibit even lower resistivity than those in the shales. In Niger Delta 

reservoirs, recognition of flooding surfaces cannot be based on gamma ray patterns alone, as 

interbedded thin sands and shales of lower shoreface deposits normally exhibit similar levels of 

radioactivity to that of marine shales. Maximum flooding surfaces represent the time when the 

delta shoreline was at its furthest landward position relative to other flooding surfaces. They can 
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be recognized from logs as those flooding surfaces which show the highest relative neutron-

porosity values and the corresponding lowest resistivity valuesrelative to the other surrounding 

flooding surfaces. Candidate sequence boundaries can beidentified by analyzing stacking 

patterns between maximum flooding surfaces. Trends of increasing flooding surface resistivity 

and decreasing flooding surface neutron porosity correspond to forward-stepping (progradation) 

of the delta cycles. In contrast, trends of decreasing flooding surface resistivity and increasing 

flooding surface neutron porosity correspond to a back-stepping (retrogradation) of the delta 

(Fig. 2.1). These two stacking patterns are separated by a surface which represents the time of 

maximum basinward shift of the shoreline position within the cycle, and thus define the position 

f a candidate sequence boundary

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2.1.Recognition of key sequence stratigraphic surfaces from wireline logs (De Reuiter et 

al.,1997). 

2.2 Sequence Stratigraphic Analysis 

Sequence stratigraphic analysis divides the stratigraphic records of a basin into age significant 

(chronostratigraphic-framework) depositional sequences. Depositional sequences and system 

tracts are chronostratigraphic intervals because they represent all the rocks deposited within a 

particular interval of time. Each boundary is age-dated at the minimum hiatus where the strata 

are conformable. The interval in time between the lower and upper conformities defines the 

time period over which the rocks were deposited.  

 

The depositional systems are subdivided into stratal units deposited during each phase of a 

relative sea-level cycle: lowstand, transgressive and highstand. The stratigraphic units of these 

cycles’ phase are called the lowstand systems tract, transgressive systems tract, and hightstand 
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systems tract respectively (Vail, 1987; Posamentier and Allen, 1999; Plint and Nummedal, 

2000). Systems tracts are linkages of contemporaneous depositional systems (Brown and Fisher, 

1979), and each systems tract is interpreted to have been deposited during specific phase of one 

complete cycle of relative fall and rise of sea-level, and each depositional systems are linked by 

changes in sedimentary facies (Vail and Wornadt, 1990).  

Sequence stratigraphic concept provides an excellent tool for the correlation of reservoirs within 

a genetically related framework in other to address problems of sand development and property 

distribution. The sequence stratigraphic interpretation presented is restricted only to the 3rd 

Order depositional cycle (0.5-3 million years) as categorized by Vail et al., (1991). The 

unavailability of biofacies data and seismic section made the delineation of the 

Chronostratigraphic surfaces to be dependent on only well logs and core data.  

2.3 Petrophysical Analysis 

This study also aimed at computing and evaluating petrophysical parameter of X field from 

petrophysical well log data set of the three (3) wells that were provided. Formation evaluation 

was consequently based mostly on logs. These well logs were adequately digitized by reading 

the values form each of the respective tracks.  Petrophysical parameters were determined from 

the following types of well logs that were obtained from SPDC: Gamma Ray Log (GR), 

Compensated Bulk Density Log (FDC), Compensated Neutron Porosity Log (CNL) and 

Resistivity Log (LLD).The following Petrophysical analysis or evaluation were carried out for 

certain reservoir sands within the three wells in the study area from wireline logs by using 

petrophysical calculation (Archie, 1942; Asquith and Krygowski, 2004); water saturation (SW), 

hydrocarbon saturation (SH), volume of shale (VSH), porosity (Φ), and permeability (K). 

2.3.1 Water Saturation (SW): the Archie’s equation (Equation 1) is used to calculate water 

saturation in addition to Fertl (1975) equation for shaley-sand analysis. 

𝑆𝑤 =  (
𝐹×𝑅𝑤

𝑅𝑡
)

1

𝑛
       (1) 

Where; F = Formation factor, RW = Resistivity of formation water, RT = True resistivity, SW = 

Water saturation and n = Saturation exponent (commonly 2.0) 

2.3.2 Hydrocarbon Saturation (SH): this is the percentage or fraction of pore volume occupied 

by hydrocarbons. It is usually determined by the difference between unity and water saturation 

in fraction (Equation 2). It is given by: 

𝑆ℎ = 1 − 𝑆𝑤
      (2) 

Where; SH = Hydrocarbon saturation, SW = Water saturation and 1 = Unity. 

2.4.3 Formation Factor (F): The formation factor of a porous formation within the target depth 

interval was determined using humble’ formula for unconsolidated formations, (Equation 3) 

which are typical of the Niger Delta. This is given by: 

𝐹 = 0.62/ ф^2.15      (3) 

Where; F = Formation factor and Φ = Porosity. 

2.4.4 Volume of Shale (VSH): this is best determined from the gamma ray log. The presence of 

shale in reservoirs makes porosity logs to record high porosity, lower water saturation values 

and causes low resistivity readings. This makes it difficult to determine the zone of 

produceability of a reservoir volume of shale in unconsolidated Tertiary rocks of the Niger 

Delta is given by (Equation 4 and 5): 

𝑉𝑠ℎ = 0.33 (2 (2 ×𝐼𝑔𝑟) −  1.0)    (4) 

Where; SH = Volume of shale and IGR = gamma ray index,  

      (5) 

2.4.5 Porosity (φ): Porosity is described as the ratio of volume of voids pore spaces to the total 

volume of the rock. It is represented as a fraction or as percentage and is usually represented by 
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phi (Φ). Porosity was determined by a combination of the corrected Neutron-Density porosity 

logs. The neutron porosity was read from the logs directly while the density porosity was 

determined thus: 

ф𝒅𝒆𝒏 =  
𝝆𝒎𝒂− 𝝆𝒃

𝝆𝒎𝒂− 𝝆𝒇
       (6) 

Where; Φden = density derived porosity, ρma = matrix density, ρb = formation bulk density and ρf  

=  fluid density (1.0 for fresh mud). 

2.4.6 Bulk Volume Water (BVW): The bulk volume water is the product of water saturation of 

a formation and its corresponding porosity (Φ) (Equation 7). The bulk volume water increases 

with decreasing grain size. This is given by: 

𝐵𝑉𝑊 =  𝑆𝑤 × ф        (7) 

Where; BVW = bulk volume of water, SW = water saturation of an uninvaded zone and Φ   = 

porosity. 

2.4.7 Irreducible Water Saturation (SWirr): When a zone is at irreducible water saturation 

(SWirr), the water saturation in the uninvaded zone will not move because it is held on grains by 

capillary pressure, it is a function of the formation factor (Equation 8). It usually ranges from 

less than 10% - 50% (Schlumberger, 1989) and is given by: 

𝑆𝑤𝑖𝑟𝑟 =  (
𝐹

2000
)

1

2
       (8) 

Where; SWirr = Irreducible water saturation and F = Formation factor 

2.4.8 Permeability (K): Permeability is a measure of the ease with which a formation permits a 

fluid to flows through it. Series of equations are available for calculating permeability, however 

in this study the Willie and Rose equation (Equation 9) was used and is given by: 

      (9) 

Where; PERM = Permeability, SWirr = Irreducible water saturation and PHI = Porosity. 

3. Results and Interpretation 

3.1 Well Log Sequence Stratigraphic Interpretation 

In basins or fields with good well control, the integration of conventional well logs and 

coreswith the techniques of sequence stratigraphy results in an ultra-high-resolution 

frameworkfor subsurface correlation. Geologic cross section generated using sequence and 

parasequence concepts, provide a state-of-the-art frameworkfor analyzing reservoir, source, and 

seal distribution,whether on a regional or a field-reservoir scale. Vertical facies analysis must be 

done within conformable stratal packages to accurately interpret coeval, lateral facies 

relationships along a single depositional surface (Walther, 1894; Middleton, 1973; Reading, 

1978; Walker, 1984). Parasequence, parasequence set, and sequence boundaries, occurring with 

a high frequency in siliciclastic sections, are significant depositional discontinuities. 

 

3.1.1 Interpretation of Lithology 

Intervals penetrated by the wells consist of sand and shale with some heteroliths in certain 

parts.Gamma ray logs measured in API records the natural radioactivity of a formation and 

grossly reflect the shale contents within the formation because of its abundance in radioactive 

minerals. Sands show log signatures deflecting to the left while shales show log signatures 

deflecting to the right.Resistivity logs measured in ohms/meters records the resistance of the 

rock-fluid unit to electrical. Porous and permeable rocks with high resistivity are interpreted to 

contain a fluid which increases resistivity, while shales are interpreted as compacted low 

resistivity rocks.  

Neutron-Density logs are also important in delineating lithology of the study area in that; the 

maximum separations between these logs are interpreted as shale, while those with minimum 
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separation and overlays are interpreted as sands. The combinations of these four logs were used 

in the interpretation of lithology in the study area (Fig 3.1). 

 

Fig. 3.1.Interpreted lithology of well X08 using Gamma ray cut off, neutron and density logs.  

3.1.2 Recognising Well Log Signatures 

This involved the recognition of stratal patterns that reflect changing water depths and 

distribution of sediments within depositional cycles. Series of coarsening-or fining-upward unit 

within forestepping, vertically stacked, or backstepping succession log patterns were first 

defined as progradational, aggradational or retrogradational stacking patterns. These were then 

integrated with biofacies information of paleowater depth or paleobathymetry (Fig 3.2) to 

delineate probable wave or tide dominated neritic deposition versus gravity-flow dominated 

bathyal sedimentation. 

3.1.3 Description of Sequence in the Studied Wells 

In analyses that involve both non-marine and marine systems, it is preferable that the two 

segments of the sequence boundary be age-equivalent, so that they always form a through-going 

physical surface from the basin margin to the depocenter. Two types of sequences comply with 

this requirement: (1) depositional sequences, bounded by subaerial unconformities and their 

marine correlative surfaces; and (2) genetic stratigraphic sequences,bounded by maximum 

flooding surfaces and their non-marine correlative surfaces. The former are consistent with the 

historical usage of Sloss, although at potentially differentscales. The latter may provide a more 

pragmatic approach in light of ease of interpretation ofmaximum flooding surfaces over 

subaerial unconformities (Catuneanu and Posamentier, 2008). 

 

Sand  

Shale 
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Fig.3.2Depositional environments and bathymetric ranges used in paleoenvironmental 

interpretations(Modified after Allen, 1965 & 1970). 

1) Parasequence 1 

Facies succession within the lowermost sequence encountered in the study area is illustrated in 

figure 3.3. This sequence starts with sets of coarsening upward and shallowing upward 

parasequences as reflected in the well log and core data. The shallowing upward parasequences 

are interpreted to be high stand system tract of GS-2.This highstand system tract sits on top of 

MFS at 7075ft. The HST facies consists of alternation of marine shales and shoreface sands 

arranged in a coarsening-up parasequences. The thickness estimated from Xwell 08 where the 

entire system tract was penetrated is about 450ft. 

2) Parasequence II 

The shoreface facies on top of G-S2 is erosively overlain by a fining upward and deepening 

upward tidal channel facies which is capped by MFS. The deepening-upward/fining-upward 

parasequences above the shoreface sands in well X08 consists of 75fttidal channel sand and 

lagoonal mudstone. These sets of fining upward sets of parasequence are interpreted to be 

Transgressive system tract of GS-2 which is overlain by a surface of maximum flooding. At this 

level, the neutron-density log records maximum separation and resistivity log shows least value 

relative to the surrounding shale. The surface of maximum flooding is found to have occurred at 

the depth of about 7450ft. 

3) Parasequence III 

This parasequence begins with a tidally influenced fluvial sandstone and passesupward into a 

prograding barrier beach and nearshore-foreshore sandbars deposited on the on the TST of the 

GS-2. This parasequence is interpreted to as highstand system tract as a result of the coarsening 

upward sets of parasequences. The thickness of the entire section is about 125ft. 
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4) Parasequence IV 

The highstand system tract of GS-1 terminates where coarse-grained fluviatile sand sharply 

overlies coastal plain facies. This sharp contact is interpretedto be a sequence boundary at the 

depth of about 7325ft which becomes evident on the log as the density-neutron porosity 

separation is minimal from the well log response.The TST facies above the sequence boundary 

in the field comprises of a 100ft of fining upward fluvial channel sandstone. This unit 

progressively thins upward and develops better sealing properties towards the top where sands 

become more tidally influenced. The TST facies are oil bearing sands which are interpreted as 

undifferentiated deltaic distributary mouthbar, crevassesplay and other related deltaic sands 

deposited on the upper slope beyond the shelf edge as a lowstand wedge (Posamentier et al., 

1991). Capping this parasequence is a surface of maximum flooding at the depth of about 

7225ft. corresponding to a high density-neutron porosity separation from the well log response 

(Fig. 3.3). 

 

Fig. 3.3Sequence stratigraphic architecture for well X 09 

3.2 Lithostratigraphic Interpretation 

The strata penetrated in the study area contains four facies associations (depositional facies) that 

are interpreted to have accumulated in either (i) fluvial channel/tidally influenced fluvial 

channel (ii) tide-dominated estuarine (iii)shoreface-foreshore or (iv) offshore environments 

(Table 3.1). 

1) Facies Association I consists of amalgamated and/isolated sharp-based, fining-upward and 

thinning-upward sandstones that are characterized by blocky to bell-shaped gamma-ray log 

responses and little or no  separation between the neutron and density porosities. Core reports 



COOU Journal of Physical Sciences 1 (2), 2019 

188 
 

show that the rocks are moderately well sorted coarse-medium grained (Fig. 3.4) andcontains 

suite of sedimentary structures including trough-planar and herringbone cross-stratification, 

flaser bedding, mud drapes and reactivation surfaces. Ophiomorpha and Skolithos are the 

common trace fossil suites. Strata of facies association I are interpreted as fluvial channel 

deposits. Fining upward textures and thinning- upward sedimentary structures identify channel 

facies. Thickly bedded channelized conglomerateswith basal erosional surface record lateral 

erosion of channel thalweg (Miall, 1992).The interbedded  shale/mud layers are interpreted as 

flood plain facies. Tidal influence is reflectedin the presence of erosional lower-bounding 

surfaces with pebble lags, herringbone cross-stratification, flaser bedding, mud drapes, 

reactivation surfaces and shell fragments (Walker and Plint; 1992). The presence of 

Ophiomorpha and Skolithos indicates sandy high energy setting (Pemberton et al., 1992). 

Herringbone cross-bedding, reactivation surfaces and mud drapes probably relate to ebb- flood 

tidal cycles (Yang and Nio, 1985).

Table 3.1Lithofacies associations in the X Oil field 

S/N Lithofacies Log Characteristics Core Characteristics  

1 Fluvial/Tidally 

influenced 

fluvial channel 

Finning upward, blocky to 

bell-shaped GR log. 

Little or no separation in 

Neuron and Density logs. 

Moderately well sorted coarse to 

medium grained sandstone. 

Inter-bedded overbank fines Trough 

and Planar X-beds Ophiomorpha and 

Skolithos indicative of high energy 

sandy environment. Sharp basal 

contact.  

2 Tide 

dominated 

Estuarine 

Finning upward, blocky to 

bell-shaped GR log. 

Variable separation in 

Neuron and Density logs. 

Alternation of medium sandstone and 

shales. 

With planar X-beds, reactivation 

surfaces, Herrighbone X-strat, 

lenticular cross beds and flaser cross 

beds. Sharp basal contact.  

3 Shoreface- 

Foreshore 

Low GR log response and 

neutron and density 

separation that show little 

or no separation 

Planar cross bedded sand stone with 

heteroliths with Ophiomorpha and 

Cruziana ichnofacies   

4 Offshore High neutron,  density and 

GR log response 

Large neutron and density 

log  separation  

Laminated marine shales with thins 

bands of laminated siltstone indicative 

of low energy environment. 

2) Facies Association II comprises of alternation of fine-medium grained sandstone (withlow 

angle trough-and planar-tabular cross bedding, herringbone structures, flaser bedding 

andclimbing ripples), shale, bioturbated mudstones and shaly mudstones. Shales may 

beinterbedded with thin lenses of very fine grained, wavy or lenticular-bedded sandstone (Fig 

3.5) which often contain fragile shells and disseminated plant matter. Skolithos and 

Glossifungities Ichnofacies (Pemberton et al., 1992) are common. Facies Association IIis 

interpreted as tide-dominated estuarine deposit based on the model of Allen (1982). The sandy 

lenticular mudstones  are interpreted as fresh to brackish water low energy swamp to lagoon or 

tidal flat deposits. The occurrence of wave ripple laminations with these bedding types is 

interpreted to record a relative sea level rise and establishment of estuarine conditions (Reineck 
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and Singh, 1980). The sandstone units are interpreted as distributary mouthbar (bay fill 

deposits; Allen, 1982). 

 

 

Fig. 3.4 Core photo showing coarse grained sandstone with planar and trough cross bed in X 

well 08(7275-7281 ft). 

2) Facies Association III Intervals represented by facies association IV display low 

gamma-ray log response and neutron-density porosities that show little or no separation. Core 

reports show that the facies comprises of heterolithic sandstone/mudstone containing both 

hummocky cross stratification, gently inclined lamination, swaley bedding/ lenticular bedding, a 

mixed suite of Cruziana and Skolithos ichnofacies is common. Rocks of facies association III 

are interpreted as wave dominated shaorface deposits on the model of Walker and Plint (1992). 

Hummocky cross stratification is commonly attributed to storm generated waves above fair 

weather wave base (Leckie and Walker, 1982). Sharp-based graded heteroliths probably reflect 

deposition from waning storm generated flows. The muddy portion of each bed represents storm 

emplacement (Walker and Plint, 1992). The thinly bedded wave-ripple laminated sandstone 

reflect lower and middle shoreface sedimentation, while the strongly bioturbated sandstone with 

abundant Skolithos ichnofacies probably represent the subtidal upper shoreface (Walker and 

Plint 1992).  

3) 4) Facies Association IV Consists of laminated marine shale interstratified with thin 

bands of sharp-based hummocky cross bedded/ripple laminated siltstones. They are 

characterized relatively high gamma-ray and neutron log responses, as well as low values of 

resistivity response. Facies association IV is interpreted as offshore deposits based on the 

observed log responses and the presence of laminated marine shales rich in pelagic fauna and 

marine organic matter. Interbedded shales and thin bands of hummocky cross stratified 

sandstone reflect sedimentation in shallow shelves along storm dominated coastlines (Walker 

and Plint, 1992) and indicate sudden short term change from low to high energy conditions 

usually associated with spasmodic storm events (Walker and Plint, 1992, Cheel and Leckie, 

1993).The various interpreted lithofacies from cores were matched with the well logs to 

reconstruct the various depositional environments for the reservoirs (Fig. 3.6).  
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Fig. 3.5 Core photos showing the presence ofwavy and lenticular laminated heteroliths (7533-

7542 ft). 

3.3.Reservoir Interpretation 

A total of 5 hydrocarbon bearing sands were evaluated. The description of the reservoir 

properties, fluid types and contacts are given in table 3.2. 

1. Reservoir  (D2000) 

This is an oil bearing reservoir with a net to gross ratio of 0.75 encountering an Oil-water-

contact (OWC) at 7355ft. in well X8.  Correlation studies suggest that this sand body belongs to 

the upper TST interpreted in the field which is laterally continuous across well X9 and X10. 

The computed porosity and permeability values are a good indication of an appreciable 

hydrocarbon saturation of 97% suggesting that the reservoir is good prospect with a volume of 

shale of about 0.2 in well X8. 

2. Reservoir  (D2900) 

This is another reservoir found within transgressive system Tract suggesting that the overlying 

MFS can be regarded as the regional cap rock within the entire field. The thickness of this 

reservoir was found to be around 63ft, 57ft and 55ft in wells X8, X9 and X10 respectively with 

an average porosity and permeability values of 24% and 999md in well X8. This reservoir has a 

negligible volume of shale with a hydrocarbon saturation of 95%. This tidal channel sands as 

depicted in the lithofacies studies have an Oil down to (ODT) at 7570ft, 7572ft and 7545ft in 

wells X8, X 9 and X10 respectively terminating against an underlying  thin shale that prevents 

vertical communication with Reservoir D3000 . 

3. Reservoir  (D3000) 

This is a 189ftUpper shoreface sandstone  found within a Highstand system tract (HST) with the 

OWC at 7610ft, 7632ft and 7582ft in well X8, X9 and X10 respectively with average porosity 
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and permeability values of 21% and 7331md. Net to gross value of 0.7 and volume of shale 

estimates in this reservoirs suggests the presence of intra-reservoir shales  that can serve as 

baffles to fluid flow. 

 

4. Reservoir (D4000) 

This is oil bearing reservoir is encountered  well X9 with an estimated net to gross value of 0.95 

and a negligible amount of  volume of shale of about 0.06 This reservoir has an average 

porosity value of 26% with a permeability valueof 1055md suggesting that it is a good prospect.  

Oil down to (ODT) is encountered at 7800ft.  

5. Reservoir  (D5000) 

This is a 74ft Middle shoreface sands found within the HST with ODT occurring at 7912ft. This 

reservoir is encountered only in well X9. An estimated net to gross value of about 0.85 and 

Hydrocarbon saturation evaluated for the interval is 65% showing that the water saturation is 

35%. The presence of intra-reservoir shales in this reservoir accounts 

for the volume of shale of 0.5. 

 

Fig. 3.6 Depositional environment interpreted from core-to-log match for X well 08 

4. Discussions and Conclusions 

From the study, sequence stratigraphic interpretation and petrophysical evaluation of the 

reservoir intervals in the study area using wireline logs (gamma ray, neutron/density, resistivity) 

of 3 wells and lithofacies interpretation was carried out. 
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For the sequence stratigraphic analysis, two maximum flooding surfaces and one sequence 

boundary defined one genetic stratigraphic sequence within the study area. Genetic stratigraphic 

sequence (Galloway, 1989) were interpreted in the ‘X’-Field by integratinginformation from 

core photos and well logs and were subdivided into systems tract. This was was then correlated 

with other wells in the study area; 

1. The genetic sequence in the study area was divided into transgressive systems tract 

(TST); and highstand systems tracts (HST), though they vary in thickness from well to 

well. This variation is due to changes the rate of sediment accumulation (sediment 

influx) resulting from availability of accommodation space; effects of gravity tectonics 

(subsidence) and changes in relative sea-level.  

2. The Hydrocarbon bearing sands distributions appear to be controlled by the positions of 

the system tracts with the transgressive system tracts in the fields containing high quality 

reservoir sands while the high stand system tracts hold more of the les developed 

reserves.  

3. The D2000, D2900 and D3000 sands host hydrocarbons which are laterally correlatable 

tidal/tidally influenced fluvial channels across the wells and found to be deposited in a 

trangressive estuarine environment. While the lower D4000 and D5000 sands which are 

hydrocarbon bearing only in well X8 are shoreface deposits deposited in a regressive 

setting. 
In conclusion, this petrophysical properties as evaluated, suggests that the reservoirs within the 

wells are good enough for commercial accumulation and hence production of hydrocarbons in 

the ‘X’- Field, Coastal Swamp Depobelt of the Niger Delta

Table 3.2. Average petrophysical values for wells in the ‘X’ field. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

XWELL 8 

SAND TOP BASE THICKNESS N/G POROSITY VSH SW SH `Kmd 

D2000 7287 7377 90 0.70 30 0.2 0.03 0.97 12700 

D2900 7387 7450 63 0.98 24 0.04 0.05 0.95 999 

D3000 7586 7769 183 0.76 22 0.083 0.25 0.75 9792 

D4000 7816 7870 54 0.81 29 0.05 0.25 0.75 385 

D5000 7904 7986 82 0.79 - 0.17 0.4 0.6 154 

XWELL 9 

 

SAND TOP BASE THICKNESS N/G POROSITY VSH SW SH `Kmd 

D2000 7300 7382 82 0.85 26 0.2 0.13 0.87 8469 

D2900 7393 7450 57 0.97 25 0.39 0.01 0.99 905 

D3000 7528 7724 196 0.90  20 0.077 0.26 0.74 3563 

D4000 7771 7800 29 0.95 26 0.06 0.18 0.82 1055 

D5000 7837 7911 74 0.91 17 0.65 0.35 0.65 1533 

XWELL 10 

SAND TOP BASE THICKNESS N/G POROSITY VSH SW SH `Kmd 

D2000 7264 7380 116 0.89 26 0.5 0.08 0.92 2217 

D2900 7384 7439 55 0.99 18 0.21 0.16 0.84 3390 

D3000 7554 7736 182 0.75 21 0.25 0.19 0.81 8639 

D4000 7762 7787 25 0.71 23 0.03 0.31 0.69 888 

D5000 7836 7929 93 0.85 23 0.01 0.3 0.7 94 
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