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Abstract

Meandering river deposits of the Enagi Formation constitute potential reservoir rocks within the northern
part of the Bida Basin, NW Nigeria. Well exposed parts of this deposit located on a road-cut around Kawo,
Niger State was studied. Field assessment of their lithofacies, external and internal characteristics and
bounding surfaces reveal the presence of conglomerate, sandstone and mudstone lithofacies as well as
channel (CH), lateral accretion (LA), downstream accretion (DA), floodplain (FF) and abandoned channel
(FF (CH)) architectural elements. The CH, LA, and DA elements are expected to constitute the potential
reservoirs. They display multistory and multilateral stacking patterns with resultant vertical and lateral
connectivity of the channel sandstone bodies which can be explained using the string-of-beads model as
against the commonly used isolated sandstone geobodies. Extensive floodplain mudstones constitute vertical
permeability barriers while abandoned channels, mud lenses, mud drapes on lateral accretion surfaces and
fining-up grain size trend within channel sandstones are considered potential permeability baffles at inter-
well to individual well-scales. This study suggests that detailed field assessment in addition to architectural
element analysis of well exposed meandering river deposits is vital to understanding sub-seismic to field—
scale heterogeneities that may not be possible even in mature oil fields where subsurface data are abundant.

Keywords: Bida Basin, Enagi Formation, Point bar, Meandering river deposit, Facies architecture, Fluvial
channel

1. Introduction

Outcrop analogue studies are valuable especially when details of reservoirs are sought for. Well
exposed outcrops provide sub-seismic information relevant to building 2D or 3D geologic models
for reservoirs by development geologists and petroleum engineers. These information are
paramount for reservoir simulation and well planning programs (e.g., Miall, 2006).

Hydrocarbon production histories have shown that fluid flow through fluvial reservoir units depend
on such geological factors as lithofacies or facies associations (Hearn et al., 1984; Ebanks, 1987);
facies dimensions, orientations, and their vertical and lateral relations (Tyler er al, 1991);
lithofacies variation and sand body connectivity (c.g. Larue and Hovadik, 2006). Meandering rin:r
deposits are in the last decades believed to contain ribbon sands that are completely engulfed in
floodplain mudstones (e.g., Schumm, 1977; Galloway, 1981; Friends, 1983; Xue, 1986; Ambrose
el al, 1991; Davies er al., 1993). However, Donselaar and Overeem (2008) d.emonstrated that
Meandering river point bar sand bodies could be connected based c?n oulcTop studies of parts of the
Miocene Huesca fluvial deposits of Sarinena Formation, Ebro Basin, S.pam. .
The petroleum potential of the Bida Basin has been asscsscc.i by PTeV"_’“ls workers (t}:(.g., '(t)l:,ajc e:
al., 2013; Akande ef al., 2005; Braide, 1992), and there exists pfinet:os‘:::eb?:h : r\::ldsg::_

Prone upper part of the Enagi Formation while the potential reservoir rocks are the sandstones of

. Bida and Enagi Formations (Obaje ef al., 2013). Sandstone lithofacies capable of constituting
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Connectivity in Meandering River Deposits: Example fro. Enag
Formation, Northern Bida Basin, Noﬁhwes:::elzggcengial braided and meandering river depositg
potential reservoir rocks in the basm.mc 2 and Okosun et al., 2009) as well as coagty to hae' :
Adeleye and Desauvagie, 1972; Braide, 1?9 Al e, 5003) shally,
marine tidal channel and shoreface deposits (Ojo and Akan ::d roaci-cut outeron al :
This paper presents results of detailed study of we-ll exp.os P p o'ng Tegina -
Makera Trunk A road, NW Nigeria (Figure 1). It 1830’ infogral. p iﬁo i © On-going reseryy;,
characterization studies in the northern part of Bida Basin, and it specifica y u.zvolves the detaileq
assessment of the lithofacies, architectural elements and sand body connec.:twlty of a n_leanderin
river succession in part of the Enagi Formation. The xfcarest Iocah’ty tf’ this exposure is 2 village
called Kawo in Mashegu Local Government Area of Niger State, Nl-gena. B'ecause subsurface dat,
are hitherto grossly unavailable in this basin, assessments of facies architecture 001.11(1 only be
attempted using outcrops. The works of Goro et al., (2014) a.nd G.oro'et a{., (20 1.5) which used the
Miall’s concept of architectural elements are good attempts in this direction. It is anticipated that

the current study will provide invaluable information which is sometimes difficult to assess evenin
areas with sub-surface data.

Facies Architecture and Sand Body

2. Location and Geological Setting

The study area, with geographic coordinates N09°55'21” and E005°43'48", is near Kawo village
(SW Tegina) and falls within the northern part of the Bida Basin in the north-

western part of Nigeria
(Figure 1). The Bida basin is a NW-SE trending structure which extends from Kontagora in the

northern sector to Lokoja in the southern part covering a distance of about 400 km. It has a
sedimentary fill of up to 4.7 km with an average of 3 km (Udensi and Osazua, 2004). Although the

origin of the basin is a subject of debate among authors, the rift origin is favored by most writers.
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meandering river systems (Adeleye and Dessauy
overlies the Bida Formation and consists mainly of
Next in the stratigraphy is the Enagj Formatio
mudstones and sandstones deposited in lower reac

Formation consisting mainly of ironstones with geothite and kaolinite (Adeleye, 1972). These

formations hav.e eguivalent lateral formations such as Lokoja Sandstone, Patti Formation and
Agbaja Formation in the southern arm of the basin (Figure 2).

agie, 1972; Braide, 1992). Sakpe Formation
an alternation of oolitic and pisolitic ironstones.
D, and it comprises predominantly siltstones,
hes of fluvial system; and it is overlain by Batati

R

[ _ AGE BIDA BASIN
SOUTHERN BIDA BASIN NORTHERN BIDA BASIN
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Figure 2: Stratigraphic successions in the Bida Basin (modified from Adeleye, 1972).

3. Methodology

In order to achieve the objectives of this study, two outcrop locations were studied. The two
locations were selected due to their well exposed nature and the preservation of the margins of some
of the exhumed ancient channels. Careful characterization of orders of bounding surfaces based on
the methodology of Miall (1985; 1988; 2006) were followed using field observations and
measurements. Channel geometry measurement was conducted in the field through the
documentation of the channel sand body depth (D) and width (W) and computation of the width to
depth (W/D) ratio.

The stacking pattern of the sand bodies was also assessed in the field and good quality camera was
used to obtain outcrop pictures which were later processed in the laboratory to generate
photomosaics (photo panels) showing lateral and vertical terminations of the identified bounding
surfaces. Detailed studies of the lithofacies along with facies architecture (both in the outcrop and
photo panels) were used to build a 2D conceptual model for sandstone body continuity and
connectivity. The potential permeability barriers and baffles useful for prediction o.f reservoir and
fluid pressure communication within the potential reservoir system were also examined.

4. Results and Discussion

4.1 Facies and Architectural Elements

4.1.1 Lithofacies :
Sandstone, mudstone and conglomerate lithofacies were idennf-icd from
conglomerate (Gm) consists of gravel to small pebble sizted det(;';lt;:1 c::bt;’l :18
mud rip-up ¢ ing from a few grain diameters to me -
coacenﬁratfonlisft's i;:rna%;‘l(:fmational conglomerates composed of indurated sandstones with large

the studied interval. The
ainly quartz as well as
ize (Figure 3). Local
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acies

] i Nigeria
Fi tion, Northern Bida Basin, Northwestern . |
(;;:;leo::, cc‘:bblec) grains occur overlying deeply eroded surface in one of the beds (Figure 3D, ),

The conglomerates are set in a matrix of fine to very coarse sands. 'lu-:]'ei Cfglflxltlgcippezr massive
and range in thickness from single grain diameter to up to . llc ' tn lithof: e.rt —
occasionally show crude cross-bedding (Fli)g)m' e 3B). The conglomerate fitholacies generally

; i cts (Figure 3B, D).
%‘:ﬂ;zzzzﬁér;fil:;;m:om;oﬁ; overlies the conglomerates and undf:rlies the tTnudstone
lithofacies. It consists of very fine to medium-grained sandstontfs. A vam?ty of sedimentary
structures including trough cross-bedding (St) and planar cross-bedding (Sp) (Figure 39) as well as
ripple cross lamination (Sr) (Figure 3H) and lateral accretion surfaces (Figure 3G) are displayed by

this lithofacies.

The mudstone lithofacies consists of claystones and siltstones. It commonly overlies the sandstone
lithofacies; may be massive (Fm) and colour mottled or may occur as thinly interbedded claystone
and siltstone beds (FI) (Figure 3J). Mottled intervals display shades of grey, purple, white and milky
white colours.

4.1.2 Architectural Elements
Field assessments of the shape and intemal structure of the exposed sediment bodies in the study
area reveal the presence of five architectural elements, namely: channel (CH), lateral accretion

(LA), downstream accretion (DA), abandoned channel (FF (CH)), chute channel and floodplain
elements (FF).

4.1.2.1 Channel Element (CH)
Channcl clement is the dominant element in the studied exposure. Their well exposed nature is the
reason why this location was chosen for the study. This element is characterized by concave-up
basal scour surfaces and flat to convex-up upper surface. They display varied internal arrangement
of lithofacies with generally abundant internal erosion surfaces. Some contain lateral accretion
surfaces (Figures. 3G, 4E) while others display low angle 3%
(Figures 4A-C) while still others may contain downstre
base of the 3" order surfaces are commonly marked byc

Overall, the chfmnel clements display fining-up grain size profile (e.g. Figure 4E). The erosional
basal contact .IS commonly overlain directly by sandstones or coarse la seciiments of the
conglomerate lithofacies (Gm) overlain by cross-bedded fine to coarse-graineg sandstones (Figure
4E). The cross-bedded sandstones may display medium-scale trough cross-bedding (St), large-scale

planar cross-bedding (Sp) or large-scale | i '
S e é e low ang.le cross-bedding (S1) separated by lateral accretion

order internal bounding surfaces
am accretion macroform (Figure 5). The
oarse lag deposits (Figure 4C).

displayed in Figure 7 while

Figure 8 :
stacking of the studied exhum e s @ composite cross

ed channelized ypijts, “seotional model depicting 1
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Figure 3: Outcrop details of the lithofacies. [A] conglomerate facies (Gm), note pebble sized mud
rip-up clast on the right-hand side. [B] rare cross-bedded conglomerate (Gc). [C] planar cross
bedded sandstone (Sp) overlying mudstone [D] conglomerate containing large pebble to cobble
sized clast overlying massive mudstone (Fm). [E] large elliptical concretion in very fine to fine
grained sandstone [F] close up of (D) showing large grain size' of part of Gm sediment [G] mud
draped lateral accretion surfaces. [H] ripples on very fine-gr uined sandstones [F] fimres s of trough
cross-beds in fine to medium grained sandstone. [J] mudstones interbedded with very thin fine-

grained sandstones
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Cross-sectional geometry of the channels shows both vertical stacking and lateral amaggrmy:
the sandstone bodies similar to the multistory and multilateral architecture (Collison ]gga;n aufm.of
2006). Individual channel sandstone bodies are 0.8 — 3. 32 m thick (Table 1) and w;idth: Glb!m’
from 27.3 — 162 m, and computed channel width to depth ratio falls between 23.81 and 95”2”918m
averages 36.45 (Table 1). .
Minor channels also form part of the components of the studied interval. A minor channe] yjy,
thickness of 1.2 m and channel width of 6 m is mapped in location 1 (Figure 5). Fine-graineg
sandstone makes up the bulk of its sediment fill. This channel is associated with the mudstone prope
floodplain element (Figure 5).

4.1.2.2 Downstream Accretion (DA)

This element is characterized by several cosets of trough and planar cross bedded units as well as
ripple cross laminated sets. It also contains several 2°d and 3" order internal surfaces between which
the cross bedded cosets occur. The sloping direction of the internal surfaces as well as the general
direction of dip of the cross beds are commonly the same within this element. Upward decrease in
thickness of sets/cosets as well as upward grain size decrease is also common.

4.1.2.3 Lateral Accretion (LA)
This element is marked by the presence of lateral accretion surfaces and constitute major part of

some of the identified channel elements. It consists mainly of fine to coarse grained sandstones with
generally fining up grain size trend. The element show thicknesses ranging from 3-5 m.
Sedimentary structures include large-scale, trough cross stratification at the basal to middle apart
and smaller scale trough cross bedding and ripple lamination towards the upper part. Altemnation of
finer and coarser bedding/lamina is discernible throughout the element. Some of the surfaces ar¢

mud-draped.

4.1.2.4 Floodplain Element (FF) "
This element constitutes part of the architectural elements of the overbank environment (Miall

2006). It consists of mudstones and/or siltstone of the Fl (laminated mudstones/silstonf) and Fm
(massive mudstone) lithofacies. They display sheet-like geometry with thicknesses ranging f‘°mt:
few cm to 2.7 m. This element commonly overlies the CH, LA, DA elements and is associated V! :
the FF (CH) element (Figure 5). This element is commonly truncated by the basal scour surface 0

the CH element and commonly overlies 4th order surfaces (Figures 5, 6).
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Figure 4: Outcrop pictures showing [A] numecrous internal low angle 3rd order surfaces within
Cchanne] element, each person on the picture is standing on a surface; [B] coarse lag deposits on the
basal scour surface of the channel; [C] closer view of (A) showing coarse lag on the lowermost 3rd
order surface; [D] closer view of (A) showing the top convex-up 4th order bounding surface of the
channel element; [E] typical fining-up lithofacies arrangement in a channel element composed of

lateral accretion surfaces; [F] mud fill channel shaped element; [G] irregular erosional basal surface
of channel element.
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Figure 5: Photomosaic and sketch interpretation of observed architectural elements (Below) of the

road-cut at Location 1, near Kawo village, along Tegina-Makera Trunk “A” road, northern Bida
basin NW Nigeria.

4.1.2.5 Abandoned Channel Element (FF(CH))

This element displays lensoid geometry and commonly contains mudstones of Fm lithofacics. Itis
associated with the FF element and typically occurs overlying the CH element (Figures 5, 6 and 8).
They are observed as clay plugs overlying channels D, E and F (Figures 6, 10), where they occur
towards the western margins of the channels. Thicknesses range from few centimeters to 1.5 m.

4.2. Discussion

As aresult of the inherent inadequacies of the use of vertical facies profile alone in the interpretatio®
?f fluvial successions, the architectural element concept (Allen, 1963; Miall 1985; 1988) W&
introduced to account for the 3D geometry and bounding surfaces (;f component lithosomes
(elements) that constitute the sediments, Features of the elements that are useful to their recognitio?
such as the: lithology, external and internal geometries, bounding surfaces, scale and P“l""Currenl
pattern (Miall, 2006) are usually considered in explaining their sedimentol;gy-

The gencrally fining-upwards grain size recorded in individual channel elements as well as bet¥e*”
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Figure 6: Photo panel and interpretation of multistorey and mul
with the same letter are interpreted

bodies. A - H represents identified channels. Sediment bodies .
'o belong to the same point bar. Panels 1A-1B, 2A-2B, 3A-3B and 4A-4B are laterally continuous
from southwest — northeast. The total width of the exposure is approximately 300 m (Person of 1.73

m height as a scale),
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Figure 8: Composite cross-sectional model depicting the stacking of the studied exhumed
channelized units and the interbedded floodplain elements [ Yellow: channelized sandstone, White:
Floodplain mudstone, Grey: Abandoned channel, Orange: Clay plugs]. The double-ended arrows
show possible connectivity between adjacent sandstone bodies (not drawn to scale).

Table 1: Channel width — to — depth ratios for channelized sandstone bodies around Kawo village
in the northern Bida Basin.

Locality | Channel width, W (m) Channel depth, D (m) W/D
100 3.1 32.26
. 32 29.69
S u:S 34.13
. et 95.29
area 80 3.23 24.77
50 2.10 23.81
4 375
oy L5 3'4 20
= L2 29'17
Average | 76.86 2.17 36-45 caaam
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The studied exhumed channels can be inte
measured width to depth ratios (Table 1) in
channels (Gibling, 2006). Furthermore,

q;:’j“_’d as ancient mobile channels based on the
addition to the laterally amalgamated nature of the

th 5
presence o ¢ poiit bifs which suggests depo:it?szu'nex}ce of lateral accretion sets indicates the
In nivers with meandering plan form (Giblin
£

2006). The deposm(.m of point bars in meandering river systems is well documented (Allen, 1963
1970). Based on this model, the conglomerate lithofacies re i S
5 presents channel lag deposits at the
pase followed upwards by the sandstone lithofacies which are products of channel-floor bed-load
sedimentation in the inner bend of meandering river system. The drivin foimne ; tt<:or eh- oal
floor deposits is the helical flow that are commonly generated at th ol N
] i at the outer part of the meander bend
and their gradual upwart_i energy d:lssmatlon record the development of the fining upwards St — Sp
- Sr profile as ObSCTV.ed 1{1 the studied section. The presence of abandoned channels also suggests
that, processes of migration and avulsion played key roles in deposition of the sediments on the
meander.belt (Cfibl'in'g, 2006) while the internal 3™ order surfaces indicate periods of large-scale
reactivation or incision within the channels (Miall, 1988; Gibling, 2006). The large grain size
exhibited by the localized intraformational conglomerates (Figure 3D, F) suggests deposition due
to stream bank collapse rather than measure of the stream energy (e.g. Gibling and Rust, 1984).
They are interpreted as fallen blocks from cut-banks due to erosion related to channel migration
(Collinson, 1996).
Disconnected mud lenses observed within the channel elements are similar to the mud sheets
described in the point bar deposits of the modern Mississippi (Jordan and Pryor, 1992). They were
inferred to have been deposited as broad mud sheets that drape sand dunes at high river stages.
The mudstones were deposited in ponds created by the water levels. Similar mud drapes were
reported in the River Brazos (Bernard et al., 1970). Furthermore, the laminated (F1) and massive
mudstones (Fm) lithofacies that constitute the floodplain element represents deposition from
suspension as well as weak traction current (Miall, 2006) while the Fm mudstones that make up
the abandoned channel architectural element record vertical aggradation through suspension
sedimentation in ponds during low stage channel abandonment (Miall, 2006).

4.2.1 Sand body connectivity and its implications for re.servoir mo‘del‘lillg
Assessment of connectivity of sandstone bodies in fluvial reservoirs 1S fundamental because

hydrocarbon production is govemned by the percentage of the: .sandstone bodies tha.t are
interconnected (Colombera ef al, 2012). In addition, connectivity of sandstone bodies 15
controlled by sandstone to mudstone ratio as well as sandstonc-body‘ deposmonal. al’chl?ectur;s
(Ainsworth, 2005). In the present study, it is evident from the composite c.m'ss-se.ct:‘m EF ;g;:reth)
that the identified channel sand bodies could actually be °°““e°te.d .at p.osmon.sblm t;cat;e dy reci
double ended arrows (Figure 8). This static sand-sefnd co.nnecnwfy 1; ::;S;a ; oryabandc:ned
superposition of channel floor point bar sandstones g mter;)enmsservatfon of channel floor
channel mudstone units. This connectivity 1S possible becauseF(?f :sp:5 4, Mhksscatiooonnl
deposits below the clay plugs of abandoned channfals (et blg:ronmém T
sedimentation on channel floor due t0 gradual avulsion and aban
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' 2008). This
m i 1996; Donselaar and Overeem,
d dering river systems (e.g. Collinson, e . .
:z?erpre::;o; wags also suggested by De Rooij ef al. (2002), based on reservoir simulation studies,

fective permeability barriers
Therefore, the abandoned channel mudstones cannot be rc:.:g:l:d:: :;ZIC:: . pote:tially vert:Zally v
and that all the identified channel sandstones in the studied in
i ected (Figure 8). .
:‘(i):uzrzn;a 111113:1;::::235 two(sci:;rioz to explain the cross.-sccticlmal wi\hw Off h:wi::::‘zf;d il;a;:el
mud plugs may occur in the case of complete or partial filling. In the rih e o g“d t ),
the mud plug filled the channel to bank full. Here, the mud plugs separate the point bar sandstones
and the deposits are commonly modelled as containing isolated point bar sandstones surrounded
on all sides by floodplain and abandoned channel mudstones (e.g. Xue, 1986; Ambrose ef al.,
1991; Davis et al., 1993) (Figure 10A). The second case (Figure 9B), where the channel floor
sandstones of the point bar were deposited as the channel was being filled, better explains the
results of this work. In order to elucidate the connectivity inherent in these deposits, Donselaar and
Overeem (2008) proposed a conceptual model of point bar sandstone connectivity in form of
strings of beads as depicted in Figure 10B. This model illustrates that successions developed by a
single meandering river point bar sandstone occurs in form of one, continuous string-of-beads
sandstone geobody and that meander belt successions create interconnected sandstone geobodies
(Donselaar and Overeem, 2008). It was also noted that while the string-of-beads sandstone bodies
may display sinuosity. One of the implications of this model includes increased net-to-gross ratio
which is a key factor in the computation of volumetrics especially at exploration and appraisal
stages of oil fields. For example, Donselaar and Overeem (2008) noted an increase of more than
54% in the net-to-gross ratio of a well-studied point bar deposit. Also, Sloan (2009) reported
similar results on modeling and simulation of a low net-to-gross fluvial deposit of the lower part
of Williams Fork Formation in Piceance Basin, Colorado. Here, it was noted that the string-of-

beads model displayed maximum net-to-gross ratio of about 48% as against 38% of the mudstone
plug model (Figure 9A).

Figure 9: Cross-sectional view of two scenarios of mud . :
gradient mixed-load fuvial system, [A] Mud p ud plug filling abandoned channel in low

plug partially filled abandoned channel (Donse
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Goro, 4

Figure 10: Isopach maps of two scenarios for the spatial distribution of meaﬁdering river
sandstone bodies. [A] The point bars form isolated sandstone bodies surrounded on all sides by
impermeable fine-grained floodplain and abandoned channel mud clay. [B] Channel floor

erved below mud plugs. Successive point bar sandstones are connected forming

sandstones are pres
2008).

one continuous string-of-beads sandstone body (Donselaar and Overeem,

4.2 Heterogeneity Assessment
Based on the data presented in this study, three levels of potential reservoir heterogeneities are

envisaged. The largest scale reservoir heterogeneities are expected to occur at meander belt scale
which is equivalent to macroscopic or field-scale heterogeneity (e.g. Jordan and Pryo, 1992;

Krause et al, 1987). The geometry at this scale is represented by a comp.lex of vertically. and
laterally stacked string-of-beads sandstone geobodies embedded in ﬂood'p‘lam m\fdstones gFlgure
). Heterogeneity at this scale is mainly in the form of vertical permeability barriers pr?wded by
be laterally extensive mudstones of the floodplain architectural Flements (I':‘lg.ur.c 8).
Heterogeneities at the scale of reservoir pool within oil fields is the next In rank and it is in the
fom of horizontal permeability baffles provided by the mud plugs of the aban;o:iedbcl::nnel
Mudstones, This may be manifested in form of baffles to lateral migration ;f dm :d :h a::;
4djacent point bar sandstones. Considering the proposed model, however, the abandon

iomi bility barriers. At
Mudstones sod ; expected to serve as significant permea
of the studied interval ars BOUSH the lateral accretion surfaces as well as the

1 leve of individual channel fill, the mud lenses, . : :

g up grain size profile of the sandstones are expected “{ act against i“?:’;hbf:“:di‘::‘:dﬂ:;emz
comimﬁng Retemgeaniiien;. T8 el inos o CXP:‘: teral accretion surfaces
HSEne of mug lenses whiie Jateral migration would be aﬁ'etl:teti\ 1:};/6‘? s?:ale, P
_use they can act as permeability baffles at inter-well scale. IS s Eatiation oF v
o end means upwards decrease in permeability (& = art of the sandstone unit is
“Pecially o production stage is that, during waterflood the lower P

112



Facies Architecture and Sand Body Connectivity in Meandering River Deposits: Example from Engg;
Formation, Northern Bida Basin, Northwestern Nigeria

commonly more efficiently swept to the well bore while the upper finer grained parts of the
sandstones still retain a lot of the oil (e.g. Slatt, 2006).

S. Conclusions

Field assessment of the architectural element of exhumed meandering river deposits around Kawo
area in northern part of Bida Basin, NW Nigeria shows that the sediments contain conglomerate,
fine to coarse-grained sandstone and mudstone lithofacies. The lithologic association, internal and
external characteristics as well as bounding surfaces allowed the definition of five architectural
elements including channel (CH), downstream accretion (DA), lateral accretion (LA), abandoned
channel (FF (CH)) and floodplain elements (OF).

The outcrop made possible the delineation of the external geometry of most of the channel
elements which commonly contain point bar sandstones with associated channel floor sandstones.
Cross-sectional view of the channels display both multistory and multilateral stacking patterns
allowing both vertical and lateral connectivity of the sandstone bodies. This is possible because
the mud plugs of the abandoned channels were only partially filled.

The connectivity inherent in the studied interval has important implications for reservoir
modelling. The results of this study suggest a string-of-beads model where point bar sandstones
are vertically and laterally connected rather than isolated point bars embedded in floodplain
mudstones that are in common use for meandering river deposits. Net-to-gross thickness which is
a vital component of the reservoir interval is expected to increase if this model is considered,
thereby making the interval of study more attractive to the oil company.

Within the studied interval, the mudstones of the floodplain element are expected to constitute the
key vertical permeability barriers at field scale. The abandoned channel mudstones between
channel sandstones, mud lenses and mud-drapes on lateral accretion surfaces within channel fills
are expected to serve as horizontal and vertical permeability battles within oil pools especially at

inter-well scale. Vertical, well -scale heterogeneities are expected to be provided by the generally
fining-upward grain size profiles of individual channel sandstones.

This work demonstrates that field assessment of well exposed meandering river deposits can reveal
important sub-seismic scale information relevant to reservoir geologists and engineers. These

information are often not accessible even in mature fields because of the limitations of resolutions
imposed by the seismic as well as well data.
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