


A Review on the Concept and Utilization of Sequence Stratigraphy in the Niger Delta


ABSTRACT
Sequence Stratigraphy incorporates comparative sea-level and time variation to analyze facie migration, and is conducted using well-logs, outcrops, cores and evaluations could be based on different set of data. Sequence Stratigraphy can be utilized to evaluate relationships between sedimentary formation within a periodic-stratigraphic system of repetitive, genetically linked layer bounded by surfaces of non-deposition or erosion, or their correlated conformities. In this study, a comprehensive review on the concept and utilization of sequence stratigraphy in the Niger-Delta was conducted. From the conceptual review study, accommodation space, depositional sequence analysis, surface, seismic and biostratigraphy were identified as key contributors to sequence stratigraphy evaluation. From the application review study, well-logs, seismic data, core-data and biostratigraphic data are very critical for effective sequence stratigraphic analysis, and are used for depositional arrangement, detection source rocks, oil & gas reservoir and seal-off section within sedimentary basins. Furthermore, Miocene sediment were observed to be predominant in the Niger-Delta formations.
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1.0. Introduction
Sequence stratigraphy (SS) incorporates comparative sea-level and time variation to analyze facies migration [1]. It is rooted majorly in seismic SS evaluation, and relies on its prospect to forecast facies within a chrono-based stratigraphically constrained structure of bounded unconformity sediment sequences [2,3]. SS is conducted using well-logs, outcrops, cores, and evaluations could be based on different sets of data. However, these basic geometrical requirement are relatively constant. Utilizing the approach developed by Vail et al [4], evaluates seismic reflection to explain stratal geometry and outline the organized manner of lap-out and truncation of layer zones against chrono-stratigraphically tied surfaces. In this approach, there is established presence of unconformity-bound sequence of deposition, to deduce relative variation of sea levels, and explain the erosional and sedimentation history of an area. The study of SS can be used evaluate the relationship existing between sedimentary rocks within a period of stratigraphic framework of continuous, genetically linked zones linked by surfaces of non-deposition or erosion, or their correlated conformities [5]. The stratigraphic section of rock can be grouped into para-sequences, sequences and/or their related system tracts. Table 1 depicts the chronology of sequence stratigraphy study.

Table 1: Chronology of Sequence Stratigraphy Study [6]
	S/N
	Historical Concept
	Author and Approach utilized

	1
	Holy Sea Level Change
	(1) Noah and Great Flood
(2) The Renaissance: 
(a) 1681: Barnet “Earth’s sacred principle”
(b) 1748: De Maillet
(c) The Neptunist

	2
	Hutton’s Unconformity Approach
	Sinking an cross-splitting relationship of the Neptunist, Basalt.

	3
	Early Knowledge for Sea Level Variation Mechanism
	(1) 1835: Lyell and raised beaches
(2) 1840: Agassiz
(3) 1842: Advances in Glacier and MacLaren 
(4) 1864: Croll and Orbital Cycles

	4
	Early Knowledge on Stratigraphic and 

	(1) 1898-1909: Diastrophic mitigation” on stratigraphic
(2) 1906: Suess and Eustasy
(3) 1906: Grabau and concepts of lapping relationships

	5
	Time-Sedimentation relationship
	(1) 1912 and 1917: Barrell


	6
	1935: Pennsylvanina cyclotherms (Wanless and Shephard)

	

	7
	1949: Sloss, Dapple and Krumbein’s interregional unconfirmty and the “sequence”
	

	8
	1958:Wheeler and its diagrams
	

	9
	1963: Larry Sloss’s sequence 
	

	10
	Late 1960’s to early 1970’s: SS
	

	11
	1974: Discovery of Marine Starvation Surface (Maximum Flooding Surface)
	

	12
	1975: Modification of Sloss et al study to Synthem.
	

	13
	1977: the research group at Exxon, Vail, Peter and AAPG Memoir 26
	(1) The “Slug Diagram” and the transgressive-regressive and chronostratigraphic framework
(2) The “Vail Curves” for actual sea level

	14
	1984: AAPG Memoir 36, SS knowhow were modified
	

	15
	1987: derivation of chart (Haq et al, 1988) 
	

	16
	1988: utilization of subsidence, sea-level change and constant sediment by Jervey’s model
	

	17
	1988: Publication of special journal for Society of Economic Paleontologist and Mineralogist (SEPM).
	

	18
	Changes: An Integrated Method” (Wilgus et al., 1988)
	(1) Spelled out detailed approaches for SS
(2) New technologies such as para-sequences and accommodation space were deploye. 
(3) Introduction of SS to non-industry investigation 
(a) 1991: Miall’s attacks on the Vail Curves 
(b) Improvement for non-shelf setup, non-seismic information sources and unrealistic assumptions

	19
	1990's: Many publications investigating certain aspects of SS, alternative models for the development of sequence, or validity of inter- basinal correlations.
	 Improved resolution, sub-seismic scale SS both in carbonates and siliciclastic. Milankovitch approach of revolution force was activated to study the history of high-frequency subsequence scale cycles.
Computer-aided packages to evaluate and replicate the sedimentary fill-up of sedimentary-based basins 

	20
	1994: Utilization of inverse seismic approach based on physical properties, and Biddle et al approach.
	



2.0. Principles of Sequence Stratigraphy
SS is the evaluation of genetically linked facies within the scope of chrono-stratigraphically important surfaces [7]. Sedimentary Facies can be described the combination of paleontological and lithological forms of a stratigraphic point in a defined point. The properties of facies includes sedimentary structures, paleontology, and lithology, geometry and paleo-current patterns [8]. Evaluation of vertical facies can be done within a conformable layer packages to accurately estimate coeval, lateral facies relation within a single depositional surface [9, 10]. The vertical succession of facies shows similar facies success as long as the transition of facies are gradual [11]. The principles of SS covers accommodation space, depositional sequence evaluation, surface evaluation concept, seismic stratigraphy and biostratigraphy.
2.1. Accommodation Space
The accommodation space (AS) is the available zone for deposits to fillup at a given period and is controlled by base-level [12]. The accommodation can be occupied by the fluid or sediments. The space between the strata particles/fluid interface and the surface of the sea referred to as water-depth. The AS is filled by fluid with deposited sediment.

2.2. Geometric Analysis of a Depositional Sequence
In the evaluation of a depositional sequence, Unconformities, Relationship of Strata-Sequence boarder, Sequences, Para-Sequences (PS), Low-stand Systems Tract (LST), Transgressive System Tract (TST), High-stand System Tract (HSST), Falling Stage Systems Tract (FSST) and Sequence Models (SM)
(a) Unconformities: An unconformity is a top of non-deposition or erosion that differentiates newer layer from earlier rocks and represents a major hiatus. Un-conformities care grouped based on the structural link between overlying and underlying rocks. The represent distortions in the stratigraphy sequence, i.e. they document period of time not shown in the stratigraphic column. Unconformities also record basic variation in the environment (from non-deposition to erosion) which general represents a vital tectonic event. The mapping and recognition of un-conformities are first step in evaluating the geological history of a geological province or basin, whether detected through seismic lines, well data or outcrops. Unconformities can be utilized as boundary points for stratigraphic units, and are grouped into four namely; non-conformity, disconformity, angular unconformities, and para-conformity.
(b) Relationship of Sequence Boundaries to Strata: The sedimentation sequence detected on the seismic layer is referred to as seismic sequence. It is a relatively conformable succession of reflection described as genetically linked layers. It is bound at the base and cap by surface of discontinuity, and detected by the termination point of reflection identified as correlative conformities or unconformities. Because it is known by a singular purpose requirement which is physical links between the strata themselves, the depositional arrangement is essential for developing a framework for stratigraphic studies. A system tract is tied to an aspect of the eustatic plot and its period in a basin is dependent on supply of sediment and local subsidence.
(c) Sequences: This is defined based on joining unconformities. An unconformity can be described as a hybrid surface of non-deposition and/or erosion differentiating younger sediment or rock bodies from older one. The descriptive (strata) and interpretive (depositional) are the two classes of sequence recognized. The strata sequence can be called an unconformity unit when it is bounded close to the synthem and comparably the same with the allostratigraphic unit. This unit is tied by common discontinuities in stratigraphy, which do not necessary un-conform to the unit based on the manner unconformity. Depositional sequence on the other hand is a relative conformable combination of layers tied by unconformities of subaerial non-deposition/erosion or their equivalent submarine and by genetically related conformities. The concept of the definition is to allow the extension of sedimental sequence beyond the region at which single or double boundaries no longer un-conforms. This evaluation of a sedimentation sequence rarely requires related conformities within the study area or scope. A depositional sequence does not relate to conformity, and is the principle on which the current sequence stratigraphy works with [7].
(d) Para-Sequences: These are very conformable succession of linked bed-sets surrounded by marine floods and their relative surfaces repectively. Furthermore, several para-sequence are asymmetrical sedimentary cycles that shallows up. The para-sequence cyclic sedimentary arrangement are easily detected based on grain size variation with the finer particles setting at the apex of a conventional triangle while for coarse particles sets at the apex of an inverted triangle. By genetically relation, it is expected that all facies within a para-sequence were stored in lateral succession to one another. For a typical silica-clastic wave-influenced shoreline, the facies suite should happen in an expectable order. In both carbonate and clastic the second step in the evaluation of cores and well logs, is the utilization of para-sequence sedimentary arrangement (the vertical presence of similar cycles of fining and/or coarsening sediment stacked upward) to detect system tracts.
(e) Low-Stand System Tract: This is the result of accumulated particles after the periodic rise in relative sea-level, and happens within normal regression at the apex of the FSST. LSST sediments often partially or fully fill fractured valleys that incise into underlying HST and other older sediments, within the forced regression.
(f) Transgressive System Tract: The TST is a material-based system tract [12], and is formed by accumulated sediments from the beginning of transgression window, until the coast transgression period is at maximum, prior to the modified HST regression. The TST at the transgression surface, directly faces maximum regression surface. The maximum flooding surface (MFS) overlays the TST when marine sediment attain their most landward position. In case where there is an increased presence of sediment, there is aggradation of the para-sequence [13]. 
(g) High-Stand System Tract: HST entail the pro-gradational deposits that is formed when there is excision of accommodation rate by sediments accumulation ratio during the later stages of sea-level increase [13]. The MFS is overlain by the HST when sediments have attained majority of landward state. The HST is overlain by correlative conformity and its subaerial unconformity [13]. The arrangement highlights prograding and aggrading pattern which is commonly expressed as thin lower dip, capped by topcap of coastal, delta plain and/or fluvial deposits.
(h) Falling Stage Systems Tract: This is a period-based system tract [12], and comprises of basal surface from forced regression (BSFR) and associated co-comparable surfaces as the upper limits and correlative surfaces as the lower limit. It happens when there is deposit of sediment due to force regression prior to the commencement of the next sea-level increas and after the onset of a comparable sea-level drop. FSST overlays the boarder-line of the sequence, and is overlain by LST sediments.

2.3. Surface
The sequence boundary (SB), basal surface from forced regression (BSFR), regression surface of marine erosion (RSME), maximum regressive surface (MRS), maximum flooding surface (MFS) and transgressive surface (TS) makes up the surface 
2.3.1. Sequence Boundary
The sequence boundary (SB) can be a correlative conformity (CC) down-dip and subaerial unconformity (SU) up-dip. In the case of an unconformity, it appears as a subaerial erosional surface; however, the analysis of these characteristics in a single outcrop might or might not be visible. In zones, an unconformity is tagged by obvious washing away, like major fractured pathway or a beveling of underlying zones that are structurally tilted. Unconformities might appear from 10-100 of relief meters. For silica-based systems, this relief is produced mainly by rivers cutting downwards. For un-dissected layers between water-body referred to as interfluves, paleosols may record unconformity, which is indicated by caliche nodules or rooted horizons. Down-dip with its correlative conformity, SB is commonly tagged by sudden shift in facies in a basinward manner. This sudden deviation is referred to as forced regression by some authors to separate it from conventional regression scenario in which there is a seaward flow of shoreline as a result of deposition. The sudden basinward shift of facies is visibly depicted in an outcrop by a sudden shallowing such as shoreline particles directly lying over offshore particles or mid-fan turbidities overlying base shales. As facies below and above such as basinward moves in, facies commonly exhibits non-adjacent backgrounds. This surface is sudden and Walther’s approach cannot be utilized across it. Minor submarine wash-off can be linked with this sudden shift of facies shift in a basinward manner. The correlative conformity could indicate no correlation at farther downdip. Given that this is a relative drop in sea level, it might be caused by variations in either the tectonic subsidence or eustatic rise rates, provided that the variations yields a net loss of void space. Early SB formation models postulated the boundary yielded at the maximum fall rate; however, later models propose that the boundary may have developed at any point between the eustatic lowstand and maximum fall rate.


2.3.2. Basal Surface of Forced Regression (BSFR)
The basal surface of early forced regression (BSFR) forms the marine sedimentary wedges when there is forced regression from the shorelines [14]. BSFR have reported by some authors to be the early lowstand tract of the Porsamentier and Allen [15] and Helland-Hansen and Gjelberg [16] BSFR of FSST (Catuneanu, [17].
2.3.3. Regressive Surface of Marine Erosion (RSME)
The internal portion of the marine shelf facing the steeper shoreface occasionally erodes, creating the regressive surface of marine erosion (RSME), which is typically created during a period of base-level decrease. This region of the inner RSME is highly diachronous, migrates basinward, and may only be a few tens of kilometers wide. Potentially, RSME can be found both down dip and along strike. Because the erosion below the RSME is small and limited, it is nearly invariably a diastem instead of an unconformity [18].
2.3.4. Maximum Regressive Surface (MRS)
An MRS in marine clastic strata can be identified primarily by its diastemic surface (conformable horizon), which indicates a shift in trend from coarse (upward) to finer (upward) sediments. There is no MRS nonconformance. The MRS also reflects a shift from upward shallowing to upward deepening across much of its extent, and this criterion is quite useful, particularly in shallow water facies. The transition from shallow to deepen may not be in agreement with the MRS as determined using grain size distribution criterion in places with higher subsidence and deeper water. The transition from coarser to finer is very useful for objectively locating an MRS in non-marine siliciclastic strata, and is the very dependable in carbonate strata. 
2.3.5. Maximum Flooding Surface (MFS)
For marine siliciclastic strata, the MFS indicates the transition in trend from an upward, fining trend below to an upward, coarsening trend above [12]. This change in trend corresponds with a change from deep to shallow in nearshore locations. This link breaks down further offshore, where the deepest water horizon may occasionally lie over the MFS. The MFS is structured with a prograding stacking pattern that documents an overall upward coarsening patttern and a retrogradational one that reveals an overall fining upward [7]. The MFS also indicates a shift in trend from fining to coarsening in carbonate strata. Notably, the MFS will identify the transition zone between shallowing and deepening upward in a shallow-water carbonate-bank scenario. This criterion, which uses facies analysis, is frequently more accurate for delineating the transition zone in such a setting than grain-size variation. The MFS indicates a shift from decreasing and/or finer carbonate material to rising and/or coarser carbonate material in deeper water, carbonate ramp settings. The MFSs are positioned at the point where the gamma log trend shifts from growing to decreasing. It is believed that this shift in the gamma ray trend represents a shift in the clay content from growing to decreasing, from fining and deepening upward to coarsening and shallowing upward. The MFS overlays the SU/SR-U/MRS surfaces, yielding a shift in trend from fining to coarsening. When coarser material arrives at a particular location on the shelf and the shoreline starts to shift seaward, that is when the surface begins to develop. The MFS is downlapped by prograding sediment and may be an unconformity in distant regions as a result of hunger and sporadic scouring. The MFS is represented on seismic data via a reflector that is frequently called a "downlap surface" [12]. The transition from finning upward to coarsening upward characterizes MFS. As a result, it is believed that the MFS was developed relatively soon after the regression began.
2.3.6. Transgressive Surface
The transgressive surface, a conspicuous flooding surface, typically caps the LST. The relatively modest flooding surfaces that divide para-sequences in the LST are typically distinguished from the transgressive surface, which is the first major flooding surface to follow the sequence boundary. Significant stratigraphic condensation may occur along with the transgression, especially in nearshore environments where sediment accumulation in recently formed estuaries may starve the area of sediment. The transgressive surface is the first in the sets of these flooding surfaces. The transgression surface and sequence boundary blend into a single surface in updip locations caused by subaerial erosion and exposure during the LST. These kinds of circumstances are typical in areas that are progressively subsiding, like cratonic regions and the landward portions of passive margins.
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Figure 1: Four Systems Tracts [12]

2.4. Seismic Stratigraphy
Seismic sequence is a sedimentation-based sequence detected in a seismic section, and are boarded by unconformities. Seismic strata aims to detect the rock points that could be reservoirs, source, migration pathways and seals. Sequence stratigraphic surfaces in seismic stratigraphy can be identified using four stratal terminations, according to [19]. Downlap and Onlap are the two that occur above a surface, while Toplap and Truncation occur below a surface. These lapouts are helpful in deciphering depositional tendencies and, consequently, tracts of systems. In addition to defining surfaces and systems tracts, stratal geometries and stratal terminations can also be utilized to infer accommodation conditions during the deposition process [19]. In its utilization for sequence stratigraphic, the seismic data is analyzed using reflection character evaluation and seismic stratigraphy.

2.5. Biostratigraphy
The study of rock layers using dead and decayed bio-matter is known as biostratigraphy [20]. When combined with biostratigraphy, well logs, cores, seismic data and outcrop, investigations yield the finest SS models of the sedimentary accumulation of basins. While outcrop and seismic investigations provide the lateral continuity to the SS framework and the biostratigraphy yields time restrictions, the outcrop, well logs and cores, well logs investigations provides a comprehensive vertical picture of sedimentary sections. While each of these distinct SS approaches can be utilized separately to generate precise evaluation of the depositional timeline of a basin's sedimentary fill, a combination of the three yields the most effective models. The best way to identify sequence stratigraphy is to tie well logs to biostratigraphic markers. Samples of subsurface rock are often taken from core, sidewall, or ditch cuttings. Microfossils are kept in their original state, but megafossils are typically grounded. The three primary fields of study in biostratigraphic investigations are palynology, nannopaleontology, and micropaleontology. It has been demonstrated that biostratigraphy is an important tool for comprehending reservoir architecture and continuity as well as for creating plans to optimize petroleum production. Simultaneously, wellsite work can benefit from the high resolution biozonation schemes that are created, particularly if horizontal well drilling is being done to enhance hydrocarbon recovery. When a well is "biosteered" with high resolution biozonation techniques, it is referred to as such [21].

3.0. Overview of Niger-Delta Formation and Depositional Environment
The structure of the region have been altered from earlier stages, starting from the Paleocene-Eocene period, to an advanced stage which started in the Miocene era. There was concave action of early coastline into the sea, with the patterns of sedimentation being heavily impacted by topographic basement [22]. The delta progradation happens along parallels the Niger River and active basinward around Cross River. At the parallel of Niger River, the supplied sediments exceeds subsidence rate while active basinward around Cross River during the Eocene period to the earlier stages of Oligocene. The later phase of deposition started during the early to middle Miocene, as the independent eastern and western deposition center merged. At the later stages of Miocene, there was progradation of delta and this yielded broadly concaving of shorelines into the basin. The accelerated loading due to these rapid progradation yielded underlying shales which are unstable. These shales continued rising into diapiric walls till the overlying layers were deformed. The resultant complex deformation structure yielded local uplift, resulting in major erosion events into the leading progradation point of the Niger-Delta. Several deep canyons, recently class filled, cut into shelf, usually evaluated and believed to have come into being during sea-level lowstands. Opuama, Afam and Qua Iboe Canyon fills are common examples [23]. The formations within the Niger-Delta are grouped based sand-shale ratios which are empirically determined using subsurface well logs [24]. The 3 major formations (Benin, Akata and Agbada formations) reflects a bulk increase in coarsening clastic wedge, and are predominantly deposited in deltaic, fluvial and marine environment [25]. The Akata formation (silts and dark grey shales with rare interbedded sands) has an estimated thickness of 6,400m at the central part of this clastic wedge [22]. These shales can be seen in the hinterland area of the northeastern delta (called Imo Shale) and offshore area in diapairs within the continental slopes. The Agbada formation is present all throughout the clastic wedge of the Niger-Delta, ranges from Eocene and Pleistocene, and has thickness of 3900m [22]. Its outcrop is situated in the southern part of Nigeria (called Ogwashi-Asaba formation), and comprises of predominantly alternating sands, shales and silt with changes in bed thickness and grain size when progressing upward, and are generally known to be generated in fluvial-deltaic environment [26]. The top part of the Niger-Delta clastic wedge is comprised of Benin Formation, from the Benin-Onitsha region in the north to beyond the current coastline [24]. The Benin Formation has a thickness of 1400m, with its age range between Oligocene and Recent [24] The shallow layers of the rocks comprises of non-marine sand sediment in upper coastal or alluvial environments.










Table 2 Tables of Formation Niger-Delta [24]
	Subsurface
	Surface Outcrops

	Youngest Known Age
	
	Oldest Known Age
	Youngest Known Age
	
	Oldest Known Age

	Recent
	Benin Formation
(Afam Clay Member)
	Oligocene
	Plio/Pleistocene
	Bening Formation
	

	Recent
	Agbada Formation
	Eocene
	Miocene
Eocene
	Ogwashi-Asaba
Ameki
	Oligocene
Eocene

	Recent
	Akata Formation
	Eocene
	Lower Eocene
	Imo Shale
	Paleocene

	
	
	
	Paleocene
Maestrichtian
Campanian
Campanian/Maestrichtian
Coniacian/Santonia
Turonian
Albian
	Nsukka Formation
Ajali Formation
Mamu Formation
Nkporo Shale
Awgu Shale
Eze Aku Shale
Asu River Group
	Maestrichtian
Maestrichtian
Campanian
Santonia
Turonian
Turonian
Albian
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Figure 2: Regional Stratigraphy of the Niger-Delta [22]
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Figure 3: Index Map of Niger-Delta [22]

4.0. Applications of Sequence Stratigraphy
SS evaluation using biostratigraphy to well-logs tied is utilized for evaluating and correlating sedimentary rock materials from the geologic period. Well logs contributes to detailed reconstruction of paleogeography and the derivation of stratigraphic models of frequency required to forecast sedimentary facies distribution, particularly those associate with hydrocarbon formation (with source and seal rocks), sedimentary based-ores and aquifers. Evaluation of SS is a required approach to detected critical variations shown in a stratigraphic succession [27]. From Brown et al. [27] study, utilization of SS yielded the likelihood for chronostratigraphic link among and within growth-faulted sub-basins, thus enhancing forecasting of areal and stratigraphic distribution of deep lowstand formation; opening a window on exploration for deep; providing a guide to potentials trap; placing the sub-basin into a petroleum system framework and focusing on indefinite relation between genetically related wire-line log pattern of short-lived lithostratigraphic unit. The maximum flooding surfaces around the marker shales are within the SB [28]. The sequence surface can be linked from seismic interval utilized with Vail [29] method and from wire-logs with Durand [30] method, and utilized with biostratigraphy data. According to Obaje [31], the percentage of sand could be derived using wireline logs of which there is a mirro image (inversion) of the vertical sand stacking arrangement. Thick shales isolating reservoir rocks are suitable for MFS, the thin ones are usually comprises of lower-degree flooding surfaces and shore-faces deposits [8]. The SB can be derived using well log and inspected against depth values derived from seismic activities, diversities and bio-facies abundances. Magbagbeola [32] conducted a sequence stratigraphic study on Robertkiri Field in the Niger-Delta. From result of the study, sequences were detected hanging walls where displaced basinward during deposition while above where a succession of basinward-dipping normal faults. At the up-section broad coarse deposit were detected but this deposition environment seem to be consistently shallow marine to fluvial. Block shaped sandstones that happen suddenly within layers above MFS are known as falling stage “forced” regression. Lower Sequences within the succession are known by deeper and narrower incisions (>100meters deep), while boundaries of those higher within the succession are less deep and less broader incisions. Incisions with SB can be >100meters deep, which is higher than expected 3rd order eustatic falls in sea level during the Miocene. Ijomah et al [33] carried out SS studies on a Niger-Delta oilfield using log-data, seismic-data and biofacies-data. From the result of their study, the hydrocarbon bearing solids were evaluated based system tracts with LST recording maximum hydrocarbon bearing unit, HST recorded few, while TST recorded zero. The average permeability and porosity values for the systems tracts are; the last HST permeability is 34mD while porosity is 33%, LST permeability is 37md while porosity is 35%, the second HST permeability is 152mD while porosity is 36%, and the first HST permeability is 1202mD while porosity is 38%. From MFSs study miocence deltaic agbada formation was seen to deposit on a succession of cuspate faults displaced basin ward under the weight of accumulating sediments. Ukpong et al [34] conducted SS analysis on a well in the northern depobelt Niger-Delta, southeastern Nigeria using combination of biostratigraphic and well logs. From the result of their study, 3 maximum flooding surfaces (MFSs) and 3 sequence boundaries (SBs), with the result dating back to the period between late Eocene-early Oligocene era based on foraminiferal marker age (Bolivina Ihuoensis, Bolivina imperatrix, Bolivina Tenuicostata and Globigerina ampliapertura) which aided the dating of delineated SBs and MFSs The obtained results enabled the sub-classification of the well profile into four depositional sequence comprising of lowstand systems tracts (LST), transgressive system tract (TST) and highstands system tract (HST). Magbagbeola and Olayinka [35] conducted a sequence stratigraphy study on Ake and Eta Fields in the Niger-Delta. From the result of their study, 3 subdivision of the six major third order sequence based on age were identified. The earliest was the mid-slope’s level channel complex, followed by retro-gradation and sealed by the regional 18.0Ma MFS. Prosgradational transitional sediments of the tidal, incised valley fills and shore-face units then followed. The final basin filling phase was majorly by coastal shelf sediments pervasively incised by submarine canyons. Chiazor and Ugwueze [36] carried out SS and Petrophysical Study of the Miocene Sediments in an Eastern Niger-Delta Basin, Nigeria. Using three SBs and three MFSs they were identified a channel sand (Reservoir-A) with good reservoir properties (average porosity of 19.23%, net-to-gross ratio of 0.9, and average permeability of 540mD) and 3 shoreface sand region (Reservoir B,C and E) with good-excellent reservoir properties (average porosity (9.2%-23%, net-to-gross ratio of 0.8-0.98, and average permeability of 189mD-996mmD). They also identified transgressive shale sequence at the cap of the stratigraphic sequence, which yielded excellent seal cap that aided in the entrapment of hydrocarbon present in the area. Omigie and Alaminiokuma [37] carried out well log SS evaluation for reservoir delineation and hydrocarbon spread within the eastern part of Niger-Delta, using gamma ray and resistivity log data. From the result of their study 3 sequences were defined (sequence I, II and III), and these sequence consisted of two marine transgressive shale line corresponding to MFS. Their key stratigraphic surfaces consisting of sequences and system tracts: LST, TST and HST. The LST comprised of prograding complex (PC) and slope fan (SF). The sequence I comprising of HST and LST) and sequence III are incomplete sequence composed only of a single SB, with HST be associated with SMST tied by an unconformity. Okapala et al [38] conducted sequence stratigraphic evaluation of XY onshore field within the Niger-Delta Basin Nigeria. Three maximum flooding and four SB dated (17.4, 15.9, 15.0Ma) and (17.7, 16.7, 15.5 and 13.1Ma) respectively were detected in the selected wells. The detected sequences comprised of Transgressive Systems Tracts (TST), Lowstand Systems Tracts (LST) and Highstand System Tracts (HST), which shows the depositional system sediment within different phases of base level variation. The particles of HST and LST indicates good reservoir features while shales shows in TSTs forms prospective reservoir seal. By combining the data derived from biofacies and lithofacies survey, a deposition environment beginning from transitional environment to outer environment was detected. Amodu et al [39] utilized a combination of 3D-seismic data, biostratigraphic data, well log and core photograph for the SS evaluation of AMO Field, deep offshore Niger-Delta. From the result of their SS evaluation seven MFSs and six SBs were identified and defined, with depositional sequence described by lowstand, highstand and transgressive system tracts respectively. The evaluate portion is sediment in a deep-water region ranging from lower-to-upper Bathyal, and can be traced back to Middle Miocene-Middle Pilocene era. Two horizon and seven fault were discovered and tagged across the seismic data volume to establish a continuity of the reservoir to areas lack well management. Onyekuru et al [40] conducted a study on SS and reservoir quality assessment of SOKA field Niger-Delta. From the result of their study, one genetic sequence was detected using well-logs and seismic data; the deposition key surfaces, system tracts and their para-sequences were partitioned using bio-stratigraphic makers. Two major reservoir sands with hydrocarbon from well-log reading. The transgressive sand package of TST, and the progradational stacking package of both LST and HST. The depositional environmental are of fluvial and shallow or deltaic marine relation. The environment were forecasted from their various log tracts to wit slope fan, transgressive marine shelf, pro-delta and tidal channel sediments with  this corresponding lithology; heterolith, sand, shale and shaley-sand respectively.
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Figure 4: Stratigraphic Data Sheet (East and West Halves combination) of the Niger-Delta (Reijers, 2011)

5.0. Conclusion
From the review study, the following conclusion can be drawn
(1) SS is critical for local and region exploration evaluation , seismic evaluation and for reservoir evaluation
(2) SS is a very vital tool for detection of 3rd Order deposition arrangement and system based tracts which are related with source rocks, oil &gas reservoir and seal-off sections in sedimentary basins.
(3) Well-logs, Seismic Data, Core-Data and Biostratigraphic Data are very critical for an effective SS Analysis
(4) SS stratigraphy study showed that Miocene sediment are predominant in the Niger-Delta formation
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