Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

o O
A

Advances in Applied Science Research, 2012, 3 (H24-1638

Library

Library
ISSN: 0976-8610
CODEN (USA): AASRFC

Depositional environments of sam-bis oil field resrvoir sands,
Niger Delta, Nigeria

'oyanyan, R. O.,°Soronnadi-Ononiwu, C. G. and"Omoboriowo, A. O

'Department of Geology, University of Port Harcourt, Port Harcourt, Nigeria
“Department of Geology, Niger Delta University, Wilberforce Island, Bayelsa, Nigeria

ABSTRACT

Geological analysis of core samples and qualitative interpretation of wireline log shapes aided the identification of
seven depositional environments of various sand units in Sam-Bis ail field. These include distributary channels,
mouth bar, point bar, tidal channel, tidal flat, middle shoreface and lower shoreface. Percentage volume of shale
calculated and documented flowage and storage properties of typical sand units show that the environments of
deposition formed very good reservoirs with few exceptions. The sedimentary core log of two cored hydrocarbon
bearing intervals showing depositional interpretation and key sedimentary structures observed in core samples
reflects heterogeneities associated with sedimentary processes; that can have impact on hydrocarbon recovery.

INTRODUCTION

A reservoir rock may be defined as a formation tiest the capacity to store fluid and have thetslidi release the
fluid when tapped as a resource (Etu —Efeotor, 1993uch fluid can be oil, gas or water. Therefdte
exploration for oil and gas in the Niger Delta @sually, the search for hydrocarbon bearing resewbich is either
carbonates or clastics (sandstone and conglomeS&ite)ies by geologists such as Short and StatiB&7§, Weber
and Daukoru (1975), Doust and Omatsola (1990)eRé2011), etc reveal that the reservoir rocksigeNDelta are
mainly sandstone.

The exploration and development of a reservoir iregureasonable understanding of its occurrence and
morphology. Sandstone occurs in different sediamgnénvironments, which is a part of the earth'dame that is
physically, chemically and biologically distincbfn adjacent terrains. (Selley, 1985). The vanmtiosedimentary
environments may be attributed to differences iergy levels, flow velocity and climate, resultingdifferences in
morphologies and qualities of sandstone reservoir.

The environment of deposition of sediment is then «af the physical, chemical and biological conditionder
which it was deposited. These conditions are Enbrin the form of sedimentary facies, which is assof
sedimentary rock that can be defined and distitnguisrom others by observed rock properties sudithadogy,
texture, sedimentary structures, geometry, fossild paleocurrent pattern displayed in sequenceoos gsamples
and some in wireline logs. From observed successithese rock properties in sandstone, a judgecembe made
of the transporting medium, the condition of flowtlae time of deposition, the nature of the depmsitl site and
then qualitatively predict the quality of the ressr sand body. According to Tyler et al. (1991yernge recovery
efficiency of oil could be tied closely to deposital environments and recovery mechanism.

Weber and Daukoru (1975), Evamy (1978), Ekweozat @koye (1980) have reported in their works on Nige
Delta reservoir rocks, that the quality of the sdades as initially deposited is a function of fSueirce area, the
depositional processes and the environment in wttiehdeposition takes place. To advance this kriyeethe
depositional characteristics of reservoir sand$Saim-Bis” field, Niger delta were studied usingre and logs of
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“Sam 4" well which is considered the type well besa it contains the only core of Sam-Bis field. Thaterials
were supplied by Agip oil company Port Harcourthvmhe Permission of Department of Petroleum Ressrc
Federal ministry of petroleum Nigeria.

B sudy field
H owN

= | Growth fault
Well location

Fig 1: (A) Map of Niger delta showing study field bcation. (B) Base map of Sam-Bis field.

Core and wireline logs are combined for both depm®l environment interpretations. Archer et(2P86) defined
a core as a sample of rock from a well section gdlyeobtained by drilling into the formation withhollow section
drill pipe or bit. While wireline logs, is a dowmle record of rock properties made during drillimgafter the
drilling of a well. It measures the electricaldi@active and acoustic properties, which are, usedierive
information on lithology, grain size, density, psity and the pore fluids. (Readings, 1996). Tleembination is
necessary as the interpretation of a cored sectarbe correlated to the response of the sameseati well logs.
With the knowledge of depositional environment frahe cored section, differences in well log pattenan
generally be attributed to lateral changes in kracter, which in turn, can be identified in tiela to the section
interpreted. Therefore, the use of core in thisigtgiving direct knowledge of the rock, increases reliability of
wireline logs.

Objectives Of Sudy

The objectives of this study are to use core anéliwe logs to investigate the lithological, textliand structural
characteristics of sand bodies in the cored interaad correlate them with wireline log patterngsiablish their
probable environments of deposition and also ifieatid interpret depositional characteristics afitored interval
using wireline log shape.
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Field Location

The oil field in Niger delta used for this studygersonally named “Sam-Bis” for the purpose of amiftiality.
Sam-Bis field is situated in the eastern part afa@er Ughelli depobelt and in north eastern paBafelsa State of
Nigeria. It is located within OML 61 and lies bewvethe latitudes®and % 30 north of Equator and longitude$ 6
and 6 45 East of Greenwich Meridian (Fig. 1a). The fieldbisunded on the west by River Niger. The oil welts
the field are located on elongated rollover amilbounded to the north against a large east- twxling growth
fault and to the east by north west-south eastliingn fault (Fig.1b)

Geologic Setting.
Niger delta basin, is located within the Gulf ofiaa and covers an area of about 75,000kmd has an average
sediment thickness of about 12,000m (Reijers,.e1807).

The geologic evolution of the Niger Delta basimseends and predates the Paleocene regressive aladge that
is conventionally ascribed to the delta (Frankl &watdry, 1967; Short and Stauble 1967; Weber andkbau,

1975). It is connected to the tectonic setting faf southern Benue Trough, which is the Mega stracithose
coastal and oceanward part lies the Niger DeltauBelrough is a NE — SW folded rift basin that rdieggonally
across Nigeria.lt represents a failed arm of derjpnction associated with the opening of the Giilfsuinea and
the equatorial Atlantic in Aptian-Albian times wheine equatorial part of Africa and South Americaydre to
separate. (Benkhelil, 1987).

The formation of the Niger delta basin began aferond depositional cycle (Campanian-MaastrichtidrBenue
trough that formed the proto-Niger Delta. Thedhand last depositional cycle of the southern Négebasin
formed the Niger delta formations.

According to Reijers (2011), the evolution of thisin was and is controlled by allocyclic and awttic processes.
Autocyclic cycles result from natural redistributicof energy within a depositional system such asnohl

meandering or switching and delta avulsion. Whillecgclic cycles results from changes in sedimentystem as a
result of an external cause such as eustatic sehdbange, tectonic basin subsidence and climaaage. The
combined effect of the two processes resulted Itageide sediment distribution and progradationsibiticlastic

system over the pre-existing continental slope th® deep sea during the late Eocene and isastie today.
(Burke, 1972).

According to Short and Stauble (1967), the strapby of the Niger Delta can be divided into thregan units.
Ranging in age from Eocene to Holocene: (1)The Aldrmation , which includes at least 6500 m (20.,#pof
marine clays with silty and sandy interbeds. (Whi®,1982). (2) The Agbada Formation, which is ctigrized by
paralic to marine coastal and fluvial-marine defsosnainly composed of sandstones and shale orghiize
coarsening-upward off-lap cycles (Weber, 1971)T(% Benin Formation, which consists of contineatad fluvial
sands, gravel, and back swamp deposits (2500m f§2biek)(Reijers, 2011). This three diacchronedusnation
occur within growth fault bounded sedimentary sindalled depobelts or depo centres that suceaehl other in a
southward direction (Doust and Omatsola, 1990;H&18d 995 and Tuttle et al., 2006) (Fig.4). Thersedtation in
each depobelts shown in figure 4 was a functioraté of deposition and rate of subsidence with ssaimentary
growth fault upsetting the balance (Evamy et &78). The growth faults are generated by rapidmnsedtation and
gravitational instability, during the accumulatiohAgbada deposits and continental Benin sands madile and
under-compacted Akata prodelta shales. Lateralatmwvand extrusion is also responsible for the d@apiructures
on the continental slope of Niger delta (Reijeralefl997).

MATERIALS AND METHODS

Sam- Bis field has three oil wells: Sam 4, Sam & Ris 4 (Fig 1), with only Sam 4 well cored. Thenef, only the
wireline logs and 40m core samples of Sam 4 welkeveequired for this research to have a generatngtmhding
of the reservoir sands in Sam-Bis field.

The wireline logs (gamma and resistivity) of Samwdll were first of all, qualitatively analyzed. Thpialitative
interpretation entails visual analysis of log stafe the identification of reservoir sands, depetent patterns,
hydrocarbon bearing, and prediction of probabldérenment of deposition and correlating prominermitdees, such
as sharp bases on logs with the correspondingrésatin the cores. Quantitatively, gamma ray (GR)evgreater
than 75 API was taken as impermeable zone, whilev@&e equal to or less than 30 API and less tfaARl was
taken as clean sand and permeable zone respedidelyan, 1983). The volume of shalejMpercent mudstone
relative to sandstone), of each reservoir units @stisnated using the formula below.
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Gamma ray index ¢k) = GR Value (log) — GR (Min.).....(1)
GR (Max.) — GR (Min.)
(Adopted from Schlumberger, 1974)

The volume of shale was then calculated using émieeoDresser Atlass (1979) formulas
For pre-Tertiary consolidated rocks; ¥ 0.33 [(Z"'sR) = 1] ..eeeeenn.... (2)

For Tertiary unconsolidated rocks like those eviuia this research.

Ven=0.083 [(Z7'6R)-1]  wovvereeeiee e (3)

The core sample which are undisturbed samples répaesent subsurface layers penetrated in wdlindti were
observed and described based on descriptive paenethich include rock colour, grain size trenexttre
(sorting, and roundness), ichnofossils, lithologyimary and secondary sedimentary structuresolagy and
sedimentary structure were used to name the litiegaThe importance of sedimentary structuresilorecovery is
well documented by Kortekaas (1985) and Weber (L9B6makes the important link between the histofy
sedimentation, processes (a record of variationgr@duces characteristic rock fabric signatures) the dynamic
characteristics of reservoir (Hurst et al. (2000).
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Fig 2. G.R and resistivity Log Response of Reservoir Sasdn Sam 4 Well showing cored intervals and
reservoirs indicated with red coloured alphabets.

Bioturbation - reworking of sediments by an orgamisnd bioturbation structure - a biogenic sedintgrg&ructure
that reflects the disruption of biogenic and phgkgtratification features or sediment fabrics by &ctivity of an
organism: tracks, burrows, and similar structuféey and Pemberton, (1985), was classified accgrttinthe
scheme of Reineck(1967)(tablel). Grain sizes angeshwere based on the scale of Wentworth (1922).

The environments of deposition were determinedgubioth the association of lithofacies and wireling shapes.
The core was depth-match with the log using thetdepthe obvious erosive base on the core with thgamma
ray log. Wireline log shapes of Schlumberger (198%) that adopted from Shell petroleum developrentpany
(SPDC)’s document were used to identified the emritent of deposition of the non-cored intervals.
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GEOLOGICAL CORE AND WIRELINE LOG ANALYSIS
Up to twenty one reservoir sand bodies were ideudtiin Sam 4 well and they are labelled “A” to,"4J as shown
in wireline logs (Fig.2: A and B.) However, onlyservoir sand sand “O” and 9’ are within the cored intervals,
which lie within 2614-2634m and 2719-2739m deptterivals respectively. The facies identified in the core
intervals are described in tables 2 and 3, whiteplates of the diagnostic feature of the two wdby are presented

in Fig.3.
Table 2: Description and interpretation of identified facies in Core interval 2614-2634m
CODES TYPES DESCRIPTIONS INTERPRETATIONS
Shale Greater than 80% shale and silty shale witfihe lamination and very fine grain size of thisiéacindicate
A (Also in | dark grey colouration. Very slightly Suspension deposits, overbank or abandoned chassetiated
interval 2719-| bioturbated. Characterized by well-definedvith low energy condition. The dark grey colouratidndicates
2739m) parallel and horizontal laminations(Platel) | high organic matter.
Thin horizontally laminated and very poorlyMica flakes and carbonaceous detritus suggest aluwifluence
sorted sandstone with up to 20% clay. Lightleltaic environment. The parallel thin laminationdicate depositid
B Laminated grey in colour and contains mica flakes anéh an upper flow regime, and planar bed flow coradinwih
sandstone carbonaceous detritus (Plate 2, 3). Slightldeposition from suspension. The Ophiomorpharrow in particuld
bioturbated and characterized by traces| a$ said to indicate lower deltaic/ shallow marimgieonment or san
Ophiomorpha burrow shore. This deposit is typical of top channel déjmrs
Small scale \'/:\;glf_gé?tlggd(slg(tjegzylSA?] barﬁg,r;éyozd%;altgﬁ?he alternation of cross beddings with flat beddincan be
cross bedded ) .iﬁ\terpreted as a product of marked fluctuation leetw normal
A angle cross bedded sandstone (a) With_ . . - . .
C /horizontal d sedimentation and periods of greater energy. Titfisfhceis can
horizontal bedded sandstone (b), both of be : - : :
bedded thickness between 1 and 3cm. It lioccyr in all environments of low to moderate enength variable
Sandstone unbioturbated current velocity such as in tidal settings
Fine to medium grained sand stoneBioturbation indicates low energy conditions, witigh oxygen
moderately to well sorted and greyish browrcontent due to shallow depth, and abundance ofentitwithin the
D Bioturbated in colour. Intensely to complete bioturbatgdsubstrate and slower rate of deposition. An alteyna of
sand stone but with some thin undisturbed intervalsbioturbated intervals with intervals showing fineoiganic
showing fine inorganic structures (plate 5 mrstructures indicates periodic rapid depositiorhafk interval which
6) burrowers are unable to penetrate. Typical enviemtris tidal flat
Fine grained sandstone, well sorted, with mu@he interlamination of sand, silt and clay pointsedimentation|
Sandstone occurring as layers (between 2 and 3¢rfrom gentle current of pulsating velocity, whicheahatively causeg
E with mud | thick), and in some cases as flasers arghnd, ripples to migrate and then halted to all@y to settle out of]
layers pebbles (Plate5). There is an occasionauspension. That is suspension settling in low flegime. Typical
planolite mottling and burrow tidal flat heteroliths.
Silty clay with streaks of verv fine arain saf dThe fine grained nature of the sediment indicate lenergy
= Bioturbated anc}/ siltg Moderately to inte%sel gioturbatec?m/ironmem' The grey to black colouration alsovghhbigh organic
mudstone ' y Y matter. Typical environments are tidal flat, lag@nd overbank o
(Plate 7).
abandoned channel.
Table 3 Description and interpretation of identified faciesin Core interval 2719-2739m
CODES FACIES DESCRIPTIONS INTERPRETATIONS
Coarse sandstone with gravels and pebbles. Yery
poorly sorted. The pebbles are very angular tbhe coarse grained character and the angularitiieofyrains
Pebbl sub angular. Little sideritic concretions observethdicate short distance of travel and low basinacpsses,
G Sandsytone at the bottom. 5m thick, and appears massive Fhe very poor sorting and massive nature suggegesit of
most cases with occasional ripple crgsepisodic flooding, too concentrated to be mobilibgcbasinal
lamination. (Plate 8). Bioturbation is zefroprocesses.
percent.
Cross Bedded Medium to coarse grained sandstone with crp: arp erosive base indicates a sequence bound
Medium  To | bedding and unbioturbated (Plates 9). Grayis%srl P . . a _a_nyeal
. low deposit. The sedimentary structures recorcdition by
H Coarse brown. Moderately sorted. Grains are angulal tﬁi h-eneray flow. The texture is tvpical of fluvisburced
Grained sub angular. It is bounded at the base by sl am g o ' P
Sandstone erosive basal contact (Plate 10). 2m thick. )
Interbedded sand and shale. 5-20cm thick€ interbedded sand and shale represents altemratthigh
- : ) . . nd low energy condition. The upward increased &d p
parallel ripple laminated fine to medium graing hick d shal . d bed thick iteeki
sandstone separated by thin (0.1-1.1cm) lay eraC ne;jss,_ sar]rh sdae ratl(;, an ef ¢ 'Cd qesiah
Heterolithic of shale. There is an occasional hummocky cro&Lodra at|on._ € aegree o sprtlng or sand IS e, e
e : rong wave interaction. Deposit associated witspsnsion
sandstone stratification. The sand units are well sorted, ... . : . )
Vertically, there is a progressive increase ist_ettllng or sedlm(_ent faIIout_to low fIOV\_/ _reglme,a_mhly in
sand/shale ratio, sand grain size and thickneds G""a or semidiurnal " tidal rythmicity. Typical Isu
; e environments of deposition are distal middle stawefand
bed (plate 1I). Bioturbation is zero percent. tidal flat
Clay rich sgdlment (Mud) alternapng W'th.fmeThe lithofacies indicate low energy environment vifiich
sand and silt. The mud layers in the mixtyre ded load domi bed load L
N . drapes forming flaser ang'SPended load dominate over bed load. Hence, egrpat
Heterolithic occur;sdgpntmurc])us | P fg 1 gercentage of mud. The common to intense biotubati
J Mudstone wavy bedding. The colour ranges from grey tmdicate shallow environment with high oxygen comtand

black depending on the percentage of clp

Bioturbation is common and moderate to inte

S jery slow rate of sedimentation. Typical environtierower
Shore face.

(Plate 12).
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Fig 3: Shows list of plates of diagnostic featurdas the two core intervals
Note: length of pen cover used asa scale = 5.7cm

LITHOFACIES ASSOCIATION AND DEPOSI TIONAL ENVIRONMENTS

Readings (1981) defined facies association as gafufacies that occur together and are considecede
genetically or environmentally related. It reflectombination of processes and environment of déposThe
result of the co-occurrence of a set of lithofagigsinged in a particular order gives depositisudl environment.

In this study ten lithofacies were identified ahey are as followsShale(A), Laminated sandstone(B), Small scale
cross bedded/horizontal bedded sandstone(C), Biatied sandstone(D), Sandstone with mud layers(Bjubated
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mudstone(F), Pebbly sandstone (G), Cross beddetiméd coarse grained sandstone(H) Heterolithicstme(l)
and Heterolithic mudstone(J)

The stacking of the above listed lithofacies aitleel reconstruction of the sub-environments of ditposof the
reservoir sands within the cored intervals. Theerpretations of the stacked lithofacies are tieith whe
interpretations of wireline log shapes of the samdts. Log interpretation only was used to intetpthe
environment of deposition of reservoir sands nahinithe cored intervals.

LOWER AND MIDDLE SHOREFACE LITHOFACIES ASSOCIATION

Heterolithic sandstone lithofacies () and hetéhidi mudstone lithofacies (J) are interpreted ag tf middle
shoreface and lower shoreface respectively. Tdekistg pattern (fig.4) indicates a coarsening uphsgquence in
a prograding shoreface.

Lower shoreface:This is an area were the wave starts to feel botshoaling zone). It is an area of low energy (in
comparison to the rest of the seaward systemj},@maist of fine grained sand interspersed wiih ldyers of mud,
moderate to intense bioturbation and burrowing. Mthefacies is dominantly muddy, due to the prewak of low
energy condition in lower shoreface. In this stuthg vertical facies sequence is shown in thensediary core log
(Fig.-4 ). The sedimentary structures encounteretude, flaser bedding, very thin laminations, wawdding,
hummocky cross stratification and moderate to isgebioturbation structures. All these structuresracterized
rock deposited in an open marisetting with reduced sedimentation rate and lowgneondition.

The log curve is characterized on top and bottorhighiest gamma ray response with repeated serratidicating
alternations of sand and shale as well as upwatseaing and thickening sequence of lower shordfage2, 4and
5). The unit also shows high resistivity due te titcurrence of hydrocarbon on the sandy parteeoheterolithic
facies.

Middle shoreface: This is an area overlying the lower shoreface esd above. This area is subject to higher
wave energy due to wave breaking. Therefore,dheracterized by sand domination, cleaner finmédium sand
and rare bioturbation or unbioturbation. (Reine®67). Due to strong wave interaction, the sandsnaail sorted.
Intermittent periods of water quiescence allow susjgd fined grained sediment to be deposited adakgers of
shale or mud alternating with thicker sand layefss a result of landward increase of wave energggret is an
upward coarsening and thickening sequence.

The unit also  shows very high resistivity similar that of the lower shoreface due to the occueeof
hydrocarbon in the sand units of the heterolithitids.

In major depositional settings of Barrier Islandst®yn, the seaward side is made up of the loweretu®, middle
shoreface, upper shoreface, foreshore and back.sHorthis study, it is observed that the progtiadaof middle
shoreface to foreshore/backshore was interruptethdisated by an overlying erosive base or minajusace
boundary (Plate 10 of figure 3, Figs. 4 and 5). pheximal part of the middle shoreface was possisyded. This
is based on the fact that a complete sequence ddlenshoreface rocks is also characterized by rdirkictional
cross bedding due to changing wave direction whitdinges direction of the long shore current and, @atsugh
which are scoured by long shore current (Readibg81). The absence of these structures provehdtatolithic
sandstone lithofacies (1) is most possibly thadisfal part of middle shoreface.

DISTRIBUTARY CHANNEL LITHOFACIES ASSOCIATION

The stacking of shale (A), laminated sandstone ¢(B)ss bedded medium to coarse grained sandstonan@
pebbly sandstone (G) lithofacies, as shown in Fghelow, are interpreted as distributary chanaefociations 1
and 2. The two channels are stacked togethereipatrated by an overbank deposit.

The fining upward sequence of distributary char(i¢lis made up of pebbly sandstone, that looks w&agith
occasional ripple laminations and upward fining ixatand lastly, overlain by shale. The distribytahannel (2)
starts with an erosive base cross-bedded mediuoodcse-grained sandstone, followed by laminatedistane
overlain by shale. Mica flakes, carbonaceous tstrand wood materials indicating fluvial sourcingere
identified (Fig.4). The overall fining upward semee reflects decrease in flow.

The GR log curve(U1l and U2 figure 2) of the twoatidlimitary channels (fig.5) are both characterizgdharp basal
contact and gradational upper contacts to givellashape that corresponds to distributary charm&dhlumberger
(1985) electrofacies classification models for a@eltenvironments (Figs. 5a, and 5b). Since the I6gRshapes of
the two distributary channels reservoir units (gl &) are similar to that of sand units Q, R and $ &ssumed

1630
Pelagia Research Library



Oyanyan, R. O..et al Adv. Appl. Sci. Res., 2012, 3(3):1624-1638

they are made up of the same lithofacies assoni@tither 1 or 2). Therefore, they are all intetpd as distributary
channels.
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Fig. 4: Sedimentary core log of 2719-2739m

TIDAL FLAT AND TIDAL CHANNEL LITHOFACIES ASSOCIATION
TIDAL FLAT: The stacking of sandstone with mud lay€E) and bioturbated sandstone (D) as showngurdi 6
below is interpreted as tidal flat.

The sandstone is generally between very fine arel fvhile the mud is made up of clay and silt. Sehkthologies
represent variations in energy of depositional mmrnent. The mud is deposited during low energgoeiated
with low tide, while the sand is deposited duririghhenergy associated with high tide, and biotiebathen the
energy reduces.

The upward gradation from bioturbated sandstoreatmistone with mud layers indicates a fining upveaguence.
This reflects the decreasing wave action or eneogyition from the subtidal to intertidal zone béttidal flat. The
subtidal zone is made up of the bioturbuted saméstarhile the intertidal zone is made up of sandl rod layers.
The upward fining facies sequence is underlainedbioyurbated mudstone facies (F), which can pogsid

interpreted as marsh or shelf mud.

The G.R log shape (O of fig. 2 and fig.7 belowklsracterised by high scaled serrations similahéotidal flat
electrofacies model of Schlumberger (1985) (fig.9).
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Tidal Channel Lithofacies Association:The stacking of shale (A), laminated sandstoneafi®) small scale cross
bedded/horizontal bedded sandstone (C) lithofamseshown in figure 10 is interpreted as tidal clehtithofacies
association.

As shown in the sedimentary core log, the faciegierce is made up of sand grains that grade froenté very
fine. The alternations of millimeter scaled croesls with millimeter scaled flat beds are attridute pulsating
flow tidal current in tidal channel (Figs.6 and 7).
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Fig.5: log shape of interpreted environment 1, 2 ah3: Shorefaces and Distributary channel

Tidal channel deposit is normally characterizednbyringbone cross stratification. However, it odgvelops in
regions where the ebb and flood flow pathway oyeN&hen the region is made up of multiple pathwaith some
channels experiencing only one dominant flow, thie @d flood tidal current commonly follow diffetgmathways,
with some channels experiencing only one domindow.f The non-identification of herringbone cross-
stratification in tidal channel lithofacies assdigia in this study can be attributed to this pheraon.

The log shape of this unit shows a general finipgvard sequence with a sharp basal contact and-saaje
serrations from edge to the top. The log shapgnslar to Schlumberger (1985) electrofacies mddeltidal

channel. Since the G.R. log shape of tidal charesgrvoir unit (*O”) is similar to that of sandiuA, D, E, H, J,
M, and N. (Fig),------- it is assumed they areralide up of the same lithofacies association. Toexgthey are all
interpreted as tidal channels.

DISTRIBUTARY MOUTH BAR

The reservoir unit T encountered between 2675-27@@mnot fall within the cored intervals. Howevehe
environment of deposition was interpreted basethenwireline log shape pattern. Comparing the GoBR.shape
below (Fig.12), with log shape models of Schlumeerd 985) and those adopted from SPDC’s documé&igs.9),
it is observed that the G.R. curve is a funnel shaaracterized by sharp upper contact and goaddtlower
contact, indicating coarsening upward sequencecangspond to mouth bar. Sand unit T, B, C, F, Gl Kand P
have similar log shapes (Fig.5). Therefore, theyalr interpreted as mouth bar reservoir sand Isadi&am 4 well
of Sam-Bis field.
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The reservoir units | encountered between 24302480 not fall within the cored intervals. Howevehe

environment of deposition was interpreted basedhenwireline log shape pattern. Comparing the wieelog

shape below, (Fig.13 ) with the log shape modeBSdaflumberger (985) and those adopted From SPDdgsrdent
(Figs.9), it is observed that the G.R curve is belpe, characterized by sharp lower contact addational upper
contact and correspond to fining upward sequenitehas smooth blocky edge at the bottom typicaladéral

accretion deposit in point bar depositional envinent.
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DISCUSSION

A sedimentological study/analysis of 40m cored dampas integrated with qualitative analysis ofenine logs of
Sam 4 well to understand the depositional envirantmeharacteristics of the reservoir sands in SasnfiBld.
Analysis of the grain size, lithology, physical mpery sedimentary structures, biogenic structures gamma ray
(Gr) log shapes were integrated to recognize theviong four sub environments of deposition.

Lower and Middle Shoreface Shoreface is defined as the interval betweemiden sea-level and the mean fair-
weather wave base (FWWB, Walker & Plint 1992). FWW8Bhe depth to which the typical daily waves effféne
sea bottom. (Howell et al., 2008). According to Geens (1974), “in regressive sequences, deeper-sgdéments
are successfully overlain by sediments depositegragressively shallower water. In the Niger Dettse basal
member of the regressive marine sequence congsexrgly of sandy clays. The topmost part of trgrassive
sequence is composed of predominantly horizonketjded sands that showed an upward increase mgzai.”

The unit described as lower and middle shorefacksrin this study is similar to the regressive seit described
above. However, the normal sequence of progradasgic shoreline which grades from lower shorefecepper
shoreface made up of barrier bars and beaches mesupted. The interruption is represented by eosiee
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boundary overlying the middle shoreface rockshtivegs that a barrier bar was eroded by the distityuthannel
described below.

The characteristics of the lower shoreface are ial$me with that documented by Davies et al.,.§8p However,

lower shoreface was divided into proximal lower reffiace and distal lower shoreface based on theatast
thickness, log response and reservoir quality. xifral lower shoreface was identified with sandstdoeninated

heterolithic facies, while distal lower shorefacaswdentified with mud dominated heterolithic facieHis proximal

lower shoreface is slightly similar to the distalddie shoreface identified in this study. Also, tlithofacies

association of these sub-environments is similathéofacies of shallow marine siliciclastic depasitscribed by
Reading (1981). He described shoreline silicictadéposit as made up of sand facies, sand domihatedolithic

facies, and mud dominated heterolithic facies and fiacies. This corresponds to a gradation fromsieore to

offshore facies.

In addition, the characteristics of the lower sface identified in this study are also in-line wittose identified in
the Niger Delta by Weber (1971). He stated thatethie a gradual change of sedimentary charactgiftom

bioturbated clays with occasional silt and sandsdsn(transition zone), which passes upwards irterbiadded
muds, silts and sand (lower/distal middle shoréfadewards the top of the sequence, there is reéttgradational
passage into well sorted parallel-laminated safidi@ach face, or the sequence is cut by a distipuwthannel. The
middle shoreface facies can be taken as proximadidinarine or barrier foot and lower shoreface &gta

fluviomarine of Weber (1971). In this light, theryehigh gamma ray value of this sand unit couldatiebuted to

high clay content and high percentage silt sizeorir

Distributary Channel: Oomkens (1974) reported that cores in the Rhond\iger Delta reveals an erosive based
sequences with basal lag followed by a passage firengh cross-bedded sand, upwards into ripplerlatad finer
sands with silt and clay pervaded by rootlets. Sameecomposite sequence, which either reflectsatedecut or
filled within the channel or minor fluctuation itmannel location. The overall fining upward sequesiche channel
deposit result from either lateral migration of thennel or more commonly from channel abandonment.

The lithofacies association of distributary’s chalnitentified in this study is similar to that ofo@kens (1974),
unless the planner crosses bedded sand ideniifisigad of trough cross-bedded sand. Also, conwmasitjuences
were also identified, and also attributed to flation in velocity of flow or minor fluctuation inhannel location

TIDAL FLAT AND TIDAL CHANNEL: Readings (1981) stated that tidal flat comprisesoat featureless plains
dissected by networks of tidal channels and cre€kial flat tends to produce a fining upward seaggnwvhich
reflects transition from low tide level sand flapward into high tide level mudflat and eventuatifo supratidal
flats. In other words, a reflection of a decreasimgve action in the progression from subtidal ttertidal to
supratidal parts of the tidal flat; indicates aresgive process. This sequence may be cut at selydad in some
case completely replaced by erosive tidal charegliences. However, Thompson (1975) reported thatdhl flats
in the Gulf of California are dominated by fine igred sediments and the facies changes from sulttidalpratidal,
and therefore occur within a silt clay sequencéwit fining upward trend.

The facies sequence of tidal flat in this studyalkhjrades from bioturbated sand to sand stonemuiith layers is a
fining upward sequence. Also, the sequence inlaiityi with that described by Reading (1981) is byta tidal

channel. Oomkens (1974) reported that tidally ixficed distributary channels in the Niger Delta cemoe with
coarse intraformational lag with a fragmented nerfauna overlain by sands which exhibit a transitfoom

decimeter scale trough cross bedding into smalesass lamination. The sand becomes finer upwadithere is
also an increase in the clay content and the nuofdgurrows.

The lithofacies associations of tidal channel ideat in this study is similar to that describedoab, except the
absence of coarse intraformational lag. Howevéthalsedimentary structures encountered are dlsentimeter to

decimeter scale. Upward increase of burrows (plene@ind Ophiomorpha burrow) and clay content wdse a
observed.

Using wire line logs and core analysis, a totad@fen tidal channel deposits were identified base8chlumberger
(1985) electrofacies classification scheme. The eransity of tidal channel deposits in Sam 4 weprts the
findings of Allen, (1965), that in the Niger Delémeas, interdistributary areas are dominated bygnoae swamp
(vegetated inter-tidal flats) dissected by tidatibutary channels and a complex pattern of maamgléidal creeks,
each served by numerous small scale dentritic dgairsystems
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Distributary Mouth Bar: Mouth bar reservoir is formed in an area wherersedt laden fluvial current (river
waters) enter basin and are disperse while integagtith basinal processes (Readings, 1981).dhaacterised by
upward decreasing gamma-ray values (labourdettd.,e2004). In Sam-Bis field, mouth bar depositsevenly
recognized with wire line logs. Apart from the dimnities of log shapes with that of Schlumberge®83d) for
distributary mouth bar, the gamma ray (GR) log sldapf distributary mouth bars encountered in thigls are
similar to that described by Adedokun (1981). Thenkl shape log profile corresponds to gradatidoaker
contacts and abrupt upper contact, as well as upimarease in grain size.

Point Bar: Point bar is a meandering river deposits. Acaaydo Allen (1990), the sequence of a point baisisis

of in-channel deposits (Lateral accretion) followmdover bank fines (vertical accretion). The lapdsits cover a
near horizontal erosional surface and are cappetolgh cross bedding (sands) which is overlairsimall scale
trough cross-laminations (silts). Horizontal lantioa occurs at several places within the sequence.

The deposit of point bar was only identified insthbtudy with wire line log. Though the sub-envir@mhwas
initially identified using Schlumberger (1985), ei®facies classification for deltaic environmefitam gamma ray
logs, the log profile of point bar in this studydanilar to that proposed by Galloway and Hobda§9@). It is
characterized by a sharp contact at the bottongaadhtional contact towards the top. Generallig & bell shape,
which reflects a general fining upward sequence.

Also, Adedokun (1981), identified point bar depdsitan oil well located at North Eastern SectorNiferian’s
Niger Delta Ossu-lzombe oil field. The log profgenilar to the one encountered in this study i alsaracterized
by a sharp basal contact, a decrease in S.P adeklind more serrate curve upward. These featuresspond to
decrease in grain size and increase in interstite} upward. The only difference is that less &#on is observed
on the top of the log profile in this study.

RESERVOIR QUALITY AND HETEROGENEITY.

The quality of reservoirs in an oil field is inflneed by the distribution of facies and the extegedmetry of the
reservoirs. In a depositional system, facies, faeigsemblage distribution and spatial portioninthiwisandstone
result to reservoir heterogeneity, which is thesraltt and vertical change in rock properties. Feapgrcontain
reservoir that are uniform in thickness, porosiyrmeability; most are heterogeneous (Selley, 1998)s,
Galloway and Hobbday (1996) identified five levelssales of reservoir heterogeneity: gigascopicgaseopic,
macroscopic, mesoscopic, and microscopic. Gigasdumgtierogeneity is shown at the scale of depositisystems,
while megascopic heterogeneity deals with the géign@f permeable and impermeable units-a scaleiegbph
identifying reservoir units and for correlation Wween outcrops and borehole, and for depositiortalpnetation
(Keyu et al., 2004). Macroscopic heterogeneitytitha facies scale and help to understand depnaltjgrocesses.
Mesoscopic heterogeneity occurs at the scale lndflicies and stratification; while microscopic meteneity is
expressed at the scale of individual grains anégor

In this study, heterogeneities of reservoirs in Simfield were analyzed down to mesoscopic letaljng into
consideration of the limitation of one dimensiorfdD) data of just one oil well. On a megascopicelev
heterogeneity of permeability is reflected by gammag differentiating sand bodies (permeable zormes) shale
(impermeable zones). Also, the volume of shaleamhesand unit indicates that most of Niger delt&daa paralic
sands form good reservoir on a megascopic scale.maoroscopic-mesoscopic scale, shale(facies A) and
mud(facies F) occurring as isolated muddy and &itigls, flaser bedding, mud drapes and overbanésitep are
taken as baffles or permeability barriers and witleeg are continuous can form several flow unitthimithe sand
bodies. The analysis of lithofacies and stratifmatided the separation of tidal flats from tidannel and middle
shoreface from lower shoreface.

Galloway and Hobbday, (1996) documented the \a@ridonnectivity and lateral continuity of variousservoir
sequence; which was used to predict the arealtgudlreservoirs in Sam-Bis field.

Tidal flat reservoirs are characterized by modelateral continuity and poor vertical continuity asesult of mud
layers that creates vertical permeability barr@n. a lithofacies and stratification scale, tidailt fis taken as poor
reservoir as a result of finer-grained sedimensg & disruptive bioturbation and burrow lining fidling with clay.
Similarly, tidal channel reservoir also formed mde lateral continuity but with also moderate icait
connectivity. The vertical connectivity is moderat® a results silty clay breaks and mud beds thattpate the
reservoir.

According to Serra (1989), point bars potentiatlynfi good reservoirs with porosity of up to 30% g@edmeability
up to thousand millidarcys. However, shale bedslay lamina and mud drapes on foreset bed bourglane
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lateral accretion surfaces can create permeabiityiers. Similarly, mouth bar generally have adjogservoir with
porosity up to 35% and permeability up to thousamdbdarcys in relation to good sorting(Serra, #98and this is
evidenced with the low percentage volume of shalall the mouth bar sand units in Table |I. Accogdio

Galloway and Hobbday (1996), channel mouth barrvess have an excellent vertical connectivity andderate
lateral continuity. The quality however decreassssard.

Shoreface reservoirs, generally exhibit moderatexoellent lateral continuity but poor to moderatertical
connectivity. | this study, the lithocacies separabf middle shoreface from lower shoreface, plevénd evidence
of mesoscopic level of heterogeneity. Middle sffimce form better reservoir than lower shorefout Have limited
volume. The horizontal flow properties of middlestface reservoir may be good, but vertical flownsen beds is
limited due to high frequency of mud interbeddihgttcan really pose serious developmental chalkergawer
shoreface, form poor reservoir because of finnaingd sediment, intense to complete bioturbatiahlats of mud
drapes that create permeability barriers.

Distributary channel reservoirs have a lower pdyosi comparison to mouth bar due to poor sorting the
permeability is still good in relation to the coargyrain (Serral989). | this study, the erosivetatnbetween
distributary channel “Y and the middle shoreface could possibly be aneexid of a discontinuous or pods of
marine sand locally cut by channel shoestring.

CONCLUSION

The determination of the environments of depositbmeservoir sands within the cored intervals webkieved by
careful examination of the log shape, grain sieadr suit of sedimentary structures (physical alegdnic), as
contained in each lithofacies, and lithofacies eisdimn. While those not within the cored intervalsre determined
using log shapes, based on Schlumberger (1985jafketies classification scheme for deltaic formati

Ten lithofacies were identified on the cored sampénd the association of the lithofacies aideteaonstructing
five sub-environments of deposition. They are; Iosl@oreface, middle shoreface, and distributarynbh tidal flat
and tidal channel. The sedimentary core logs otwecored intervals showing depositional interatiein and key
sedimentary structures observed in core sampleteheterogeneities associated with sedimentagegses; that
can have impact on hydrocarbon recovery. Throughathalysis of log shapes of reservoir sands ndtinvihe
cored intervals, point bar and mouth bar were ifledt Therefore, the reservoir sands in Sam-Beddfiare
deposited in seven aforementioned sub deltaic emvients.
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