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Abstract 
 

R1, R2, R3, and F. reservoir units were identified in the XYZ field. The reservoirs are within the Oil proven fault block and F reservoir is 

located on the footwall structure of the second synthetic fault with similar structural characteristics. The faulting in the XYZ field result-

ed in a downward movement of the XYZ Discovery relative to the XYZ prospects. The structural development process of the field was a 

syn-sedimentary. This explains why the XYZ-1 penetration in the footwall of the synthetic found oil-in F sand. However, petrophysical 

results show that the reservoirs of interests have good petrophysical properties with minimum porosity of 0.1 and maximum water satura-

tion of 0.7. The discoveries by the XYZ-1 well prove the existence of a working hydrocarbon source and charge system. However the 

distribution pattern of the discovered hydrocarbons is not yet understood. 
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1. Introduction 

The objective was to identify hydrocarbon-bearing reservoirs, determine their properties, fluid types and reserve sizes. It also included 

mapping of upside potentials within the “XYZ Field”. 

Details of the scope of work carried out include formation evaluation of the field for the purposes of determining the properties of all 

hydrocarbon-bearing reservoirs; carry out horizon and fault seismic interpretation and generate reservoir top maps for all the identified 

hydrocarbon-bearing reservoirs; correlate XYZ-1 to three nearby wells - AY-1, YY-1 and SY-1; compute the field reserves figure for 

each of the hydrocarbon-bearing sands. 

1.1. Location of the study area 

“XYZ” field is situated offshore in water depths ranging between 23ft and 27ft and is located south of the present day coastline of Ondo 

State (Figure 1). 

The field was discovered in 1986 following the drilling and testing of XYZ-1 exploratory well. The discovery has not been appraised 

neither has it been put into production till date due to the marginal economic value ascribed to the field. The closest producing fields are 

the AY, YY and SY (Figure 2). 
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Fig. 1: Map of the Niger Delta Showing the Location of “XYZ” Field. 

2. Geology of the study Niger delta and the study area 

2.1. Stratigraphy  

Following the opening of the South Atlantic, vast quantities of clastic sediments were poured into the delta giving rise to three main rock 

units which are partially time equivalents and were deposited as prograded wedges. The three major lithostratigraphic units defined in the 

Niger Delta include from youngest to oldest include Benin, Akata and Agbada Formations (Figure 2).The type sections of these for-

mations are described in Short and Stäuble (1967) and summarized in a variety of papers (e.g. Avbobvo, 1978; Doust and Omatsola, 

1990; Kulke, 1995).  

The three stratigraphy units in the Niger-Delta region are:  

The uppermost unit, the Benin Formation, comprises continental/fluviatile and back-swamp deposits up to 2500m thick.  

These are underlain by the Agbada Formation of paralic, brackish to marine, coastal and fluvio-marine deposits, organized into coarsen-

ing upwards ‘offlap’ cycles. The sands in this Formation constitute the major reservoirs for the hydrocarbons found in the Delta.  

The underlying Akata Formation comprises up to 6500m of marine pro-delta clays. Shales of the Akata Formation are overpressured and 

have deformed in response to delta progradation. These shales facilitate regional decollement for updip extension and downdip compres-

sion. Shales of the Akata Formation constitute a world-class source rock. Deepwater turbidite sands also exist within this formation. Fig-

ure 3 shows the schematic cross section of the Niger-Delta.  
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Fig. 2: Schematic Sections of Niger Delta Showing Major Formations. 

 

 
Fig. 3: Schematic Sections of Niger Delta Showing Major Formations. 

 

The Niger Delta’s main structural element consists of extensional growth faults on local and regional basis both on the land and shallow 

offshore region, which can be defined as synthetic (same direction as regional dip) or antithetic (opposite to regional dip). Further off-

shore and down-dip in the Delta, especially in the deep-water region, the major structural element consists of compressional folds associ-

ated with thrust faults. Figure 4 illustrates the main types of extensional faults. Examples of Niger Delta oil field structures and associat-

ed trap types. Modified from Doust and Omatsola (1990) and Stacher (1995).The XYZ prospect is a gently plunging NNW trending anti-

cline separated in several elongate fault blocks by crestal extensional faulting. Figure 5 shows the regional fault system in the XYZ area. 

 

 
Fig. 4: The Main Types of Extensional Faults. 

2.2. Structural framework 

A younger Cenozoic Delta complex is notable for its development of "growth faults" which have produced the traps for its oil and gas 

fields. Growth faults are not present in the two earlier delta complexes, a factor which may partially explain their lack of prospectivity.  

They are called growth faults because they are active during the deposition of the sediments which they intersect. They are commonly 

cuspate in plain view, are steep-sided near the surface and flatten out to parallel bedding with depth. They frequently have a "roll-over" 

anticline with four-way closure on the downthrown side of the fault and antithetic faulting in the downthrown block. They are of limited 

length.  
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The delta is cut by a homogenous sequence of down-to-the-basin faults trending north-west and south-east, similar in length and remark-

ably equidistant from each other. The coincidence of movement on the faults and the growth of the anticlines as the sediment was depos-

ited resulted in ideal conditions for subsequent entrapment of hydrocarbons.  

Oil and gas are found on the upthrow side of the main fault and in the anticlinal structure on the downthrown side of the fault. Numerous 

subordinate traps are formed by the antithetic faults affecting the rollover anticline. In addition, the shales associated with the rollover 

faults are commonly over-pressured and diapiric, adding to structural development in the overburden and increasing the seal on faults. 

3. Method of data Interpretation 

3.1. Available data  

The following data were made available for this evaluation:- 

1) Approximately 155 km2 of 16-bit 3D migrated seismic data in SEG ‘Y’ format.  

2) Well data (Log curves and header information) for AY-1 well. 

3) Digital log curve data for XYZ-1 in LAS format and paper composite log for AY-1 and SY-1. 

3.2. Log digitization 

Digital data was available for XYZ-1, however only paper composite logs were provided for the three adjourning wells. The paper logs 

were scanned and digitized to make room for evaluation on the workstation. These wells were used for correlation of the reservoir sands 

to improve the understanding of the regional distribution of the sands and their fluid content.  

3.3. Data interpretation 

3.3.1. Seismic interpretation 

The available 3D seismic, restack time migration (PSTM) volume has already been interpreted by Schlumberger using Petrel software, in 

Schumberger work station. The interpreted seismic was map in time and then converted to depth by depth conversion process using 

XYZ-1 well check shot data. The 3D volume covers an area of 53 Sq.km with data covering the entire XYZ concession. Fault segments 

were mapped along the seismic section and correlated. Within the area of interest, the faults have the same trend (NW-SE and dipping 

northeast). The drilled wells penetrated two fault blocks at different depths. From the seismic interpretation, it was observed that reser-

voir sands, D and F are on the same fault compartment.  

The available check-shot data was also loaded into petrel data base and this formed the basis for a seismic-well tie. The hydrocarbon 

bearing reservoirs of interest were posted with the seismic display to guide the time mapping. Four hydrocarbon bearing reservoirs were 

mapped and time maps were generated. The remaining maps were generated from these four maps based on their closeness to mapped 

reservoirs.  

3.3.2. Well correlation and cross section 

Well correlation was done in the field because only one well has been drilled. However a pseudo well, XYZ-1 was loaded into 3D geo-

logical model and the expected sand tops on the reservoirs of interest were delineated. The identified hydrocarbon bearing sands were 

subsequently mapped and depth structure maps were generated for each level. Geological cross-section was draw putting the sand of 

interest and the proposed XYZ-1 on the section in other to establish the structural trend of each of the reservoirs, as a guided for the well 

placement. 

Ten key seismic horizons corresponding to the hydrocarbon-bearing zones which were calibrated from the Time/Depth data provided for 

the XYZ-1 well were mapped. Consistent attributes were carried for every surface mapped. All horizon time maps were depth converted 

using an initial velocity model generated from available TZ data for XYZ-1 well.  

The depth-converted horizon using the velocity model created was used to generate the first initial depth map. A final depth grid that is 

consistent with the well impact points was generated after computing the error grid and subtracting that from the initial depth grid. 

Contact information obtained from the petrophysical interpretation was posted on the final map. Gas accumulations were colour-filled in 

green, while filled by oil were coloured red while areas filled with condensate and all prospects were colour filled in yellow.  

3.3.3. Petrophysics data analysis 

Porosity Evaluation: Porosities were generated using the Sonic and Neutron-Density Method. Rho matrix of 2.65g/cc and fluid densities 

of 1.0g/cc for water, 0.80g/cc for oil and 0.65g/cc for gas were used for porosity in computation. 

Neutron Density cross-plots and histograms were generated in order to determine the table of constants (Table 7) which contain GR 

shale, GR clean, etc. 

Hydrocarbon Saturation: The Indonesian saturation equation was employed in generating the water saturations used in this study. The 

reservoir property and summation (Table 7) summarizes the conclusion of this study. This shows the average net pay, porosity and satu-

ration values for all the wells. 

4. Results and discussion 

The XYZ field is situated between the bifurcated regional “AY-SY” NW-SE fault systems in the western Shallow offshore Niger Delta 

Depobelt. The seismic reveals evidence of a general shallowing of the tertiary Niger Delta towards the North West (Okitipupa High). The 

hydrocarbon accumulations encountered are trapped in hanging wall sands spanning three major compartments south to north defined by 

the bifurcation. The shallow levels (R1, R2 & R3) indicate traps that are situated in the most southerly compartment and correlatable 

with AY-1. The R sands have a fault cut at the bottom of R3 sand (Figure 2  & 3 ). 
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Fig. 2: Interpreted Seismic Section from Dip Line through XYZ -1 Well. 

 

 
Fig. 3: Interpreted Seismic Section from Dip Line through AY-1 Well. 

 

The XYZ structure is part of the AY-SY regional anticlinal system having faults trending NW-SE direction. This is typical of the western 

section of the Shallow Offshore Depobelt (Figure 3).  

 

 
Fig. 4: Interpreted Seismic Section from Dip Line through AY-1, XYZ -1 and SY-1 Wells Litho-Stratigraphy & Correlation. 
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The XYZ -1 well penetrated continental sands of Benin formation and the multiple condensed paralic lithofacies sequence of the Agbada 

Formation. The Agbada consist of well-developed amplified sand bodies annotated down hole as R, S, D, F and G sands. The sands are 

capped by competent shale breaks of high sealing capabilities.  

 

 
Fig. 5: Litho-Stratigraphic Cross-Section along AY-1, XYZ -1 and SY-1. 

 

Based on biostratigraphic analysis and geological core description and paleoenvironmental analysis of XYZ-1 well, the stratigraphical 

interval investigated suggests that deposition occurred most likely in a delta plain setting. Conclusions drawn from the environment of 

deposition and correlation indicate that reservoir sands are expected to be continuous across the entire Field. Sediments of the paralic 

sequence encountered were possibly deposited during the Late Miocene to Middle Pliocene times.  

 
Table 7: Table Of Petrophysical Properties from XYZ-1 Well 

Petrophysical Properties of XYZ - 1  
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4.1. Reservoirs mapped 

R Sands 

This level is subdivided into R1, R2 and R3. 

R1 Sand 

This reservoir is a shaly, low resistivity sand with a gross thickness of 25ft (Figure 9) Other petrophysical parameters calculated are as 

follows:-  

R1 Top is 5970.1ft (TVDSS) while R1 Base is 5995.6ft (TVDSS); Gross Thickness, Net Res Thickness and Net Pay Thickness are 25ft., 

20 ft., and 3.5 ft. respectively. Average Porosity, Average Water Saturation and Net-to-Gross ratio are 15%, 43% and 0.76 respective-

ly.The depth map (Figure 10.0) shows that R1 is in the most southerly compartment and from correlation; it extends to AY-1. The main 

XYZ compartment shows the possibility of a hanging wall prospect. 
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Fig. 9: Log Plot From R1 SAND. 

 

 
Fig. 10: R1 Sand Depth Structural Map. 

 

R2 Sand 

This is a very shaly reservoir with a low resistivity and a gross thickness of 45.5ft. The GR curve indicates extremely shaly sand but the 

caliper curve coincides with the resistivity with which the tops and base of the reservoir are defined (Figure 11). This reservoir contains 

oil with other petrophysical parameters calculated being:-  

R2 Top is 6060.1ft (TVDSS) while R2 Base is 6105.6ft (TVDSS); Gross Thickness, Net Res Thickness and Net Pay Thickness are 45ft., 

25.5 ft., and 5.5 ft. respectively. Average Porosity, Average Water Saturation and Net-to-Gross ratio are 18%, 58% and 0.55 respectively. 

Similar depth map of R1 (Figure 12) shows that R2 is also in the most southerly compartment and from correlation; it extends to AY-1 

well. To the north in the main XYZ compartment, the possibility of a hanging wall prospect exit. 

 

 
Fig. 11: Log Plot from R2 SAND. 
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Fig. 12: R2 Sand Depth Structural Map. 

 

The interpretation shows that part of this sand may have been clipped by the AY fault. The GR curve indicates a shaly reservoir with a 

low resistivity and a gross thickness of 19.5ft. It has an ODT at -6163.6ft TVDSS (Figure 17) and consists of oil (Figure 18). Other 

petrophysical parameters calculated are as follows:-  

R3 Top is 6144.1ft (TVDSS) while R3 Base is 6163.6ft (TVDSS); Gross Thickness, Net Res Thickness and Net Pay Thickness are 19.5 

ft., 13.70 ft., and 8 ft. respectively. Average Porosity, Average Water Saturation and Net-to-Gross ratio are 18%, 53% and 0.70 respec-

tively. 

 

 
Fig. 13: Log Plot from R3 SAND. 

 

 
Fig. 14: R3 Sand Depth Structural Map. 

 

F Sand 

This very shaly sand is separated from the D5 sand by a 17ft of shale. it is the thickest reservoir with a gross thickness of 79.5ft. The 

resistivity curve is fairly high which may be due to the shale present in the reservoir which contains oil (Figure 15). It has an Oil-Down-

To (ODT) at 8798.6ft TVDSS Other petrophysical parameters calculated are as follows- The F Top is 8719.1ft (TVDSS)while F Base is 

8798.6ft (TVDSS). Gross Thickness, Net Res Thickness and Net Pay Thickness is 79.5 ft, 35.8 ft and 11.5 ft respectively. Average Po-

rosity, AvERAGE Water Saturation and Net-to-Gross ratio is 17%, 46%and 0.45 respectively. 
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Fig. 15: Log Plot from F SAND. 

 

 
Fig. 16: F Sand Depth Structural Map. 

4.2. Prospects mapped 

A number of prospects have been identified and mapped in and around XYZ field. The prospective areas colour-filled yellow, have been 

shown in some of the reservoir maps above. Figure 17 shows the contacts map at maximum spill points for these prospects. 

 

 
Fig. 17: Prospect Contacts Map. 

 

The prospects identified are in two main areas:- 

i) Hanging wall closures at shallow levels in the XYZ main fault block. The risk element is low given the unlikely occurrence of 

sand-to-sand juxtaposition given the high shale content and therefore good sealing in that interval. This prospect is shown on the R 

level maps. 
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ii) Deeper levels within the main XYZ fault block. The risk element is the least when compared with ‘i’ and ‘ii’ above. This prospect 

is shown in F sand map.  

5. Conclusions and recommendations 

The following conclusions and recommendations can be drawn from the analysis and interpretation of XYZ field data:- 

1) Within the main XYZ fault block, all the reservoir sands exhibits a bilobate accumulation separated by a saddle. Given that the 

western accumulation extends outside the field area. 

2) From the shallow R level maps generated, an anticlinal rollover structure which straddles into the area of study from the north was 

mapped. It is suspect that this structure may have been tested by the wells drilled on SY field. Given that this field is in production 

already, there is an urgent need to obtain information which will establish if unitization opportunity exists at these levels or not. 

3) Similarly, the shallow R and deep F sands XYZ-1 extends and are downdip appraisal of AY field with no water contact estab-

lished. Therefore there is opportunity for more oil downdip.  
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