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ABSTRACT

Adequate knowledge of the structural presentatioanooffshore field is a veritable tool for the éehination of the
yield and viability of the oil wells. To achievestimaximally several studies need to be done befdlteng wells in
a field but current studies hold that the most istifie approaches include the integration of seismnalyses and
well log data. Hence, 3-D seismic and gamma rays legre employed in the delineation of the strafipia
sequence of Adez off shore field in the lower Nigelta region. The 3-D Seismic sections in thislgtdelineated
eight faults from which four horizons were mapped while the stratigraphic sequence analyses ofwihé logs
established a chrono-stratgraphic framework of shedy area. The reflection seismic sequence véatesally and
are characterized by low-medium to high amplituteahtinuities indicating lateral facies changepital of sand-
shale inter-beddings deposited in the environménng insight into the basinal stratification anesergy regimes
that prevailed during early sedimentation. Thessutes in the Adez field are indicative of high p&tum vyield.

Keywords: Strtigarphic Sequence, Adez Off Shore field, atage discontinuities, basinal stratification, high
petroleum yield

INTRODUCTION

Growth fault systems are important sites for petiol exploration in extension basins. They play mates in the
passage of hydrocarbon from source to reservok amd act as seals when the fault plane is smewsitbdshale.
They are also potential sites for thick sedimewruawlation especially around the hanging wall [4drious forms
of trapping systems of diverse geometry are asttiith the faults. They are therefore structwanplexities
and reservoir heterogeneities which are often mesipte for intra-reservoir entrapment of bypassel o
Consequently, integrated multidisciplinary appro&mecessary to unravel the structural developyrsaguence
stratigraphic history, paleo-depositional environiseand hydrocarbon reservoir potential of fiel@ds [ Hence,
integrated multidisciplinary stratigraphy sequemgss applied in in order to facilitate the identifion of major
progradational sedimentary sequences which offenthin potential for hydrocarbon generation andiaedation.
Thus, 3-D seismic reflection data were integrateith wvell logs so as to define the hydrocarbon tragp
mechanism and depositional architectural sequehc¢@dez” field, situated in the off-shore Niger e The
seismic sequence and log sequence stratigraphyemgsyed to map the depositional characteristicksaructural
complexities of the reservoirs in the area of gtindine with [3] for the enhancement of reserwigld.

MATERIALSAND METHODS

Location and Geological Setting of the Study Area

The study area lies offshore Niger Delta in southéigeria and situated within shallow marine enniment of the
continental shelf (Figure 1) which covers an aralmut 102 krf of migrated seismic sections (Figure 2). It is
located within latitude 400’N to 6 00’'N and longitude 800’E to 9 O0’E. It is bounded in the East and West by
the Calabar and Benin flanks respectively, in tbatls by the Gulf of Guinea and the older (Cretasgaectonic
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elements such as the Anambra Basin, Abakaliki tgptind the Afikpo syncline in the North [4]. It ertds into the
Atlantic Ocean from the Crossriver in the East witivers Niger and Benue as the main source of sadisn5].
The offshore Niger Delta has the characteristidfsiiepe break of growth fault modified ramp magii6]. Trap
configurations in the offshore Niger Delta are coled by gravity driven systems of linked extemsib growth
faults and compressional toe thrusts initiatedrduthe Paleocene when the modern Niger Delta wasefd [7] &

(8]
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Figure 1: Map of Niger Delta showing the study location, Adez Field (After Corredor et. al., 2005)

The base map of the area comprises 637in-linesb8hdross-lines in an area of 102 sqkm was studietiree
pronged approaches were used to unravel the stalctequence and stratigraphy of ‘ADEZ’ field iretNiger
Delta. These interdisciplinary approaches incluttactural interpretation of the field, well log érpretation of
some wells (wells 1, 2 and 3) and interpretatios@$mic sequence from the seismograph data. Wellshehaved
3-D seismic sections from the field were analyzed #he resistivity and gamma ray logs obtained fithnee
logged wells in the field were also analyzed [9jeToutcome of the analyses were then importedantmteractive
Petrel™ workstation. While, the gamma ray log was useidiéntify different lithologies penetrated by thellythe
resistivity log was used to delineate the hydrooarbearing zone (Figure 3). The reservoirs idexdifrom the well
logs were tied against the reflection events fraismic sections (Figure 4). Depth structural magsewthen
produced from the time-depth curve generated ftoercheck shot data (Figure 5).

RESULTSAND DISCUSSION

The data was critically examined and analysed fasnsic sequences using criteria such as toplapsiceral
truncation, onlap and downlap.

The interpretations were in three sections in Vifith the trend of analyses

(a) Structural Interpretation

The time structures maffrigures 6 and 7) depict the time structures mapooizons H, H, Hz; and H, The time
structural maps had their two ways travel time (T\Wanging from 1650-2150 ms, 1680-2250 ms, 18002#8
and 1800-2520 ms. The time variations within thedgtlocation were due to the structural deformativet had
occurred in the area.
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The Depth structural maps in the study giféigures 8 and 9) depict horizong H, Hz and H,with depths ranging
from 1650-2150 m, 1680-2250 m, 1800-2400 m and XD m which indicates severe structural deforomatin

the area.
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Figure 2: Base map showing the locations of logged wellsand S-N direction of correlation

Four major structural building faults were delireght While Faults (Fand k) are trending in east-west direction,
fault F, is trending approximately northwest-southeastativa. Fault () on the other hand is a reverse fault to
fault F4 as it is trending approximately northesmtithwest direction [10].

(b) Well Log Interpretation

The analysis of well-log sequence proposed by [R1[12] was adopted. This involved the evaluationtbé

stacking patterns of para-sequence sets withirinteeval of interest (Figure 14). Depositional seqce, system
tracts, sequence boundaries stratigraphic surfandspara-sequence stacking patterns of pro-gradtioetro-

gradational and agradational formations were ifiedtibbased on their diagnostic characteristicsdatierns in the
wells.

From the Log Sequences, Well 1 (Figure 10), cowessbsea depth interval of 304.8 m — 3175.10 nwiastonly
logged from 1831 m to 3036 m; well 2 covers a saliepth interval of 609.6 m — 3040.68 m but way togged
from 1803 m to 3172 m and well 5 covers a subsethdaterval of 1676.4 m — 3078.48 m but was onbnf 1676

m to 3074 m. The lithologic units penetrated in Wedls by the gamma ray and resistivity logs aterahting sand
and shale. The shale units are thicker with depttile the sand units disappear with depth. On #rarga ray log,

the sands exhibit both saw teeth and upward coasenotifs which are characteristic pattern of ltavgl system
tracts while the upward fining log motif indicatése transgressive system tracts (Figure 10). Tveximum
flooding surfaces at 2474 m and 1831 m with twouseges boundaries at 3036 m and 2450 m and two
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transgressive surfaces at 2800 m and 1903 m wdireedied in well 1 while three maximum flooding faes at

2529 m, 1962 m and 1803 m; three sequences boesdari3172 m, 2490 m, and 1908 m and two transgeess

surfaces at 2900 m and 1980 m were delineated in2nia well 5, three maximum flooding surfaces2#30 m,
2056 m and 1970 m; three sequences boundarie4tr8302403 m, and 2030 m and two transgressivacesfat

2540 m and 2123 m were also delineated based aliabpostic characteristics log patterns.
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Figure 3: Correlation pane of wells 1, 2 and 5 showing the mapped reservoirs A and B
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Figure 4: Seismic section of inline 5282 showing faults and mapped horizons
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Figure5: Timeto depth conversion curvefor well 1
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Figure 6: Time structure map of horizon 1
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Figure 7: Time structure map of horizon 2.
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Figure 8: Depth structure map of horizon 1
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Figure 9: Depth structure map of horizon 2
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Figure 10: Correlated panel showing stratigraphic framework for wells1,2and 5

(c) Seismic Sequence Interpretation

Two depositional sequences (Lower and Upper se@sgmeere mapped within a time window of 2000 m8167

ms throughout the study area. The sequences weppeatafrom discordant relationship of rock unitstlae

sequence boundaries (Figure 11). These intervais #@efined primarily on the basis of seismic rdftats patterns,
configurations and lithofacies. Sequence boundaeslaterally extensive and conformable in strapic order

from the oldest (S2) to the youngest (S1). The Lo®equence (S2 sequence) is located within a shaferic
structure (Figure 12).

The seismic facies is characterized by a parahdl wavy, discontinuous and high amplitude reflectmatterns.
They are chaotic, discontinuous reflection of aleaamplitudes ranging from medium to high ampktudflection
patterns. While parallel wavy, high amplitude disibouous reflection patterns are present at théheon end of the
field, divergent, medium to high amplitude reflectipatterns occur at the northern end. On the dthed, chaotic,
discontinuous discordant reflection of variable &tage is predominant at the centre indicating pnesence of
deformed over-pressured shales resulting from ipgarde-watering during rapid burial of the sedirsefihe study
showed that the Upper Sequence (S1 Sequence)asviré top of Akata surface throughout the studg éFigure
12) and the sequence boundary is a regional unouitfothat truncates steeply dipping Akata reflenti

These geometries can be due to variations in sedatien rates, subsidence and/or burial effectffefdintial
compaction) indicating syn-depositional differehtiectonic movements. Moreover, divergent facies farmed in
wedge shaped sedimentary bodies, where the sedirttankness distribution is asymmetric. These di¢posl
settings are typical of continental shelf in a marenvironment.
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Figurell: Seismic sequence inter pretation of crosdine 1297
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Figurel2: Seismic faciesinterpretation of inline 5281
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CONCLUSION

In this study, eight faults labelled,F, F;, F;, Fs,Fs, F; and B were delineated and mapped, F, and K are
growth faults; i, Fsand R are reverse faults, while;Bnd F are both antithetic and synthetic faults. Four zmms
located within a time window of 2076-2376 ms twowteavel times were also mapped. The time struttmaps
generated had two ways travel times ranging froB018150 ms, 1680-2250 ms, 1800-2400 ms and 180022
Two depositional sequences characterized by typeguence boundary and composed of low-stand tiessyge
and high-stand system tracts were delineated. 8sgaquence analysis from reflection terminatiotigzas such as
top-lap, on-lap and down-lap were treated and ts@dap the sequence which lies between 2000-316&Wworsvay
travel time. The seismic facies exhibit paralletl amavy, discontinuous reflection geometries withthamplitudes
in the southern part. This geometry could probatgynote a disruption in lateral continuity of thedb in the
southern part of sequence 1. The depositionalngsttsuggest a continental shelf environment. Detrdacies
exhibits low amplitude to medium-high amplitude lbat the upper and lower sequence. These geometiede
due to variations in sedimentation rates, subsielemd/or burial effects (differential compactiofhis geometry
indicates syn-depositional differential tectonicvements. The depositional setting is the contirlesitpe of the
marine environment and it is observed at the namtlpart of both sequence 1 and 2. Stratigraphjgstat paleo-
channel fills, regional sand pinch-outs and truioces, crested accumulations below nonconformingases were
delineated. Chaotic exhibitions of discontinuoud discordant reflection patterns were also obtaimkitth suggest
the occurrence of disordered arrangements of taftesurfaces due to the presence of deformed presssured
shales resulting from improper de-watering duriagid sedimentations. The lateral facies changedyaieal of
sand-shale inter-beddings deposits giving insight the basinal stratification and energy reginfest prevailed
during early sedimentation. These delineated premiirfeatures are indicative of the existence oickmal
structures (which are the necessary requirementlidd petroleum yield) in the central and southe@sparts of
the study field. Hence, the Adez field is a prolénvironment for high petroleum yield.
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