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This study focusses on geological modelling of a fluvial outcrop analogue, illustrating the impact of 
stratigraphic architecture on sand-body distribution, internal geometry, and stacking on sedimentary 
heterogeneity and static properties. Outcrop measurements and sedimentological logs generated from a 4.8 
km2-section provide data for modelling two lithostratigraphic zones from the three zones recognised. The 
model consists of a Cartesian grid with 576 cells and 544 cells in the horizontal directions. Each cell is 5 m x 
5 m along horizontal directions and 4.3 m along depth. Facies object method was used for modelling lithology 
and Sequential Gaussian Simulation for modelling porosity and permeability data sourced from a subsurface 
analogue. The results reveal that a major channel element in Zone 1 has complex ribbon geometry marked 
by upward thinning and fining sequences. In this zone, intraformational mudrock rip-up clasts form channel 
lags with potential as flow baffles in pebbly sandstone intervals while thick floodplain mudrock limits lateral 
continuity of interbedded sandstone, posing huge risks to lateral sweep. Crevasse splays in Zone 2 improve 
lateral continuity of interbedded sandstone. However, mud-prone heterolithic deposits may pose a 
significant risk to vertical sweep in poorly connected splay intervals. Therefore, drilling horizontal laterals 
from existing wells into such intervals and/or adopting a gas-based depletion strategy may improve areal 
sweep in previously bypassed low-connectivity zones. In hydrocarbon fields where overbank sheets are 
sandwiched between thick floodplain fines, exemplified by Zone 3, in-place volume may be uneconomic to 
warrant development. 
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1. INTRODUCTION

1.1 Background 

Hydrocarbon-bearing fluvial sediments form important reservoirs in 
many sedimentary basins (Atkinson et al., 2006; Dixon et al., 2010). These 
sediments are mainly deposited by meandering or braided rivers within 
the channel fairway and/or in the overbank. Braided channels are 
typically formed in wide braid-plain systems and are characterised by high 
sediment discharge (Miall, 2014). Meandering channels, by contrast, form 
in channel systems that are more mature with relatively low sediment flux. 
The axis and margin of meandering channels consist of channel-fill 
sequences, whereas in the overbank, sequences with mounded 
morphology develop as levees or sheet morphology as crevasse splays 
(Bridge, 2003; Hudson, 2017; Omoniyi, 2021). Discharge variability in 
river systems prompts changes in depositional architecture (Manna et al., 
2021) and thus influences sedimentary organisation, stratigraphic 
framework, internal geometry and dimension of sand bodies (Burns et al., 
2010; Soltan and Mountney, 2016; Willis and Sech, 2018). These geological 
attributes exert a strong control on net-to-gross, continuity, porosity and 
permeability of sandstone and sand-rich heterolithic bodies in fluvial 
reservoirs, and therefore sway their reservoir potential and recovery 
factor (Pranter et al., 2007). Discontinuous shale in fluvial reservoirs 
disposes them to relatively low recovery factor because of the complex 
internal geometry of respective sand bodies causing significant quantities 
of hydrocarbon to be bypassed in low-connectivity reservoir intervals in 
many mature fields (e.g. Wytch Farm oil field, United Kingdom; Hogg et al., 
1999, etc.). 

Although rock record analogues are associated with the problems of scales 
when compared with subsurface reservoir analogues due to relatively 
small size of exposures (Alexander, 1993). They  provide the basis for 
understanding reservoir rock distribution, stratigraphic architecture, 
sand-body heterogeneity, distribution of internal impermeable barriers, 
etc. and aid qualitative and/or semi-quantitative prediction of attributes 
of reservoir rocks (Pranter et al., 2014, Rittersbacher et al., 2014; 
Villamizar et al., 2015; Newell and Shariatipour, 2016). Therefore, this 
study utilizes outcrop measurements and geological attributes to describe 
architectural elements in a low net-to-gross fluvial succession and used 
the information to build 3-D models that capture sand-body architecture 
and internal geometry. The primary objective of the study is to describe 
lithostratigraphic framework of the fluvial body, model internal geometry 
and distribution of sand bodies, and assess implications of sedimentary 

heterogeneity on static properties of these bodies, and by extension, 
appraise associated risks to hydrocarbon recovery. 

1.2 Geological Setting 

2. MATERIAL AND METHOD 

Four sedimentological logs were produced from outcrop observations and 
measurements. The logs were considered adequate to collect geological 
attributes of sand bodies and to quantify dimensions of sand-body 
architecture, model lithology distribution, define depositional elements 
and internal geometry. They serve as basis for correlation and provide 
information over vertical extent of the outcrop on lithology, sandstone-
mudstone ratio, net-to-gross, grain size and sorting, small-scale 
sedimentary structures, and small-scale vertical sequences of bed 
thickness. These attributes enable classification of lithology into three 
broad sediment facies (i.e. lithofacies) and construction of 
lithostratigraphic framework. 

Fluvial reservoirs are among the most complex reservoirs and their 
hydrocarbon potential varies considerably in response to variability in 
stratigraphic framework and internal geometry of sand bodies (North and 
Prosser, 1993). In particular, low net-to-gross fluvial reservoirs are 
marked by high rate of change of lithology and petrophysical properties, 
reservoir architecture (a product of depositional and diagenetic processes 
that developed the reservoir), internal fabric and dimensions of sand 
bodies that not only make subsurface geological description and 
prediction extremely difficult, but ultimately control the paths of fluid flow 
during hydrocarbon production. Understanding these geological 
attributes and distribution of sporadic permeability barriers allow proper 
description of sedimentary heterogeneity that pave the way for liberation  
of trapped hydrocarbons (Puig et al., 2019). According to Tyler and Finley (1991), geological heterogeneity traps up to 40% of moveable oil reserves
 in fluvial reservoirs, and this proportion is arguably higher in low net-to-
gross fluvial reservoirs. Beyond these problems, crevasse-splay deposits, 
although are difficult to find and define, constitute a significant component 
of the overbank successions, up to 90% and may contain significant 
reserves in many fields that are producing from low net-to-gross fluvial 
reservoirs (Burns et al., 2017). 

Over the last four decades, geological-integrated reservoir modelling has 
seen tremendous growth with capabilities to locate reservoir areas that 
have potential as stratigraphic compartments where hydrocarbon fluids 
are trapped. But, these subsurface reservoir models are limited by the 
available geological information (Howell et al., 2014). Outcrop analogues 
provide a means to understand variability and distribution of geological 
properties and hence improve our understanding of depositional 
architecture of sedimentary systems (Pranter et al., 2014; Siddiqui et al., 
2018; Usman et al., 2021). This information is routinely used to 
supplement subsurface geological data (Sahoo et al., 2016; Zhou et al., 
2017; Stow et al., 2020) and to derive geometrical parameters that serve 
as building blocks for three-dimensional (3-D) property modelling 
(Fabuel-Perez et al., 2010). The resultant models are the groundwork for 
simulating fluid flow and predicting shale discontinuity and other 
stratigraphic heterogeneity in subsurface analogue reservoirs (Willis and 
White, 2000; Larue and Friedmann, 2005). 

The “facies” represents a body of rock that possesses a combination of 
characteristics, which serve to differentiate the rock unit from related rock 
units above, below and laterally adjacent, and usually reflect the origin of 
a rock unit (Walker, 1992). The differentiating factor for lithofacies in this 
study is lithology distribution, which forms the basis for contextualizing 
sedimentary architecture of the fluvial body. The exposed part of the 
fluvial body was carefully and safely traced laterally and vertically to 
establish irregularity in bed thickness and gather data on internal 
geometry and morphology of sand bodies. The information influenced 
selection of the most geologically consistent correlation scheme for 
further study and enabled recognition of three zones. Two of these zones 
were modelled using object model technique in Schlumberger PetrelTM. 
The technique requires lithofacies data, morphology and geometry data 
(shape, width, direction, and thickness) to build in space whole objects 
with their specific geometries (Labourdette et al., 2008; Colombera et al., 
2019). Object densities were adapted to local proportions to achieve net-
to-gross and volume proportion targets. The rationale for applying object-
based modelling to simulate depositional facies spatial distribution is to 
mimic the geological reality observed and documented during fieldwork. 
Because of the consistency in facies geometry, only one lithofacies 
realisation was considered. This realisation is the groundwork for 
modelling lithofacies and depofacies (i.e. depositional facies). The actual 
thickness, width and position of the depofacies (main channel, crevasse 
splay, and floodplain) vary along the channel. A 3-D block-centred 
Cartesian grid was designed for modelling these properties. The grid 
comprises 576 cells and 544 cells in the horizontal directions. Each grid 
cell has dimensions of 5 m x 5 m along horizontal directions and 4.3 m 
along depth. Grid cells are top horizon conformable to reflect deposition 
of sediment in a channel while capturing macroscopic-scale (10-100 m) 
sedimentary heterogeneity without the need for upscaling in subsequent 
modelling phase. 

Porosity and permeability data sourced from a subsurface analogue (Sleipner  Formation,  Crawford  field,  Yaliz,  1991)  were  modelled  on  a by-facies  basis  using  Sequential  Gaussian  Simulation. This simulation 
provides  estimates  of  reservoir  properties  beyond  known  points  and  
realisation  of  spatial  distribution  of  the  data  (Ringrose  and  Bentley, 
2015). One  lithofacies-constrained  porosity  and  permeability 
distribution realisation was run on a set of parameters (Table 1) to
investigate  hydrocarbon  pore  volume  in  the  two  zones.  Insights  from 
these  models  were  used  to  conceptualise  oil  production  scenario 
with a  view to assessing risk of bypassing oil  in poorly connected 
and/or isolated oil- bearing sand bodies. 

The fluvial body utilised in this study outcrops between Latitudes N 
07011'03.1'' and N 07011'06.7'', and Longitudes E 006028'02.7'' and E 
006028'04.1'' along Okpekpe-Igodo township road in Edo North, southern 
Nigeria. It consists of Campanian-Maastrichtian successions in western 
flank of Anambra Basin (Figure 1). The intracratonic basin is a post-
Santonian depocentre that extends from the Lower Benue Trough 
covering an estimated area of 40,000 km2 and accumulating sediments, up 
to 5,000 m thick, derived from a wide spectrum of paleoenvironmental 
settings (Nwajide and Reijers, 1996). The trough is a rift structure that 
originated about the same time as the opening of the South Atlantic Ocean 
when the Gondwana Supercontinent broke in late Jurassic times (Offodile, 
1989). Omoniyi and Imagbe (2025), following previous workers, present 
a  synthesised description of  stratigraphy  of  the  Anambra  Basin. 
The 4.8 km2 section is composed of sand bodies that are enclosed by 
mudrock (Figure 2). Barring a 3.1 m (10 ft)- long normal fault observed 
in  the  middle  section,  the  fluvial  body  is  largely  unaffected  by  tectonic 
activity.  Apart  from  this  rationale,  the  siliciclastic  body  is  a  classic 
example of low net-to-gross fluvial system associated with well-developed 
overbank sheet bodies. 
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3. RESULTS AND DISCUSSION 

3.1 Results 

3.1.1 Lithofacies classification 

Sedimentary facies distribution is one of the dominant factors that control 

Pebbly sandstones consist of sandstone and clasts of various composition, 
most commonly quartz, and sizes, ranging in dimensions from 4.5 cm to 
15.2 cm long and 0.5 cm to 7.5 cm wide. The clasts are arranged without 
any preferred orientation in a matrix of fine-to-coarse grained sandstone. 
The lithofacies make about 31% of the outcrop and display internal 
grading. Sorting is generally poor but improves in the upper part. Internal 
organisation is dominated by scour and fill, wavy subparallel bedding, 
trough cross lamination, ripple lamination, and ripple cross lamination. 
Amalgamation of pebbly sandstone beds increases bed thickness up to 3.0 
m. Net-to-gross across various intervals is reduced to an average of 70% 
by dispersed shards of claystone that form basal lags and randomly 
distributed mud-prone load balls with dimensions of 30-40 cm long and 
approximately 10 cm wide. 

Mudrocks consist of claystone, shale, and mudstone with infrequent 
siltstone lenses that imprint on it a wispy lamination in places. They have 
a relative abundance of 49.2% in the fluvial body and typically occur as 
wispy laminated claystone, structureless claystone, wavy laminated 
mudstone, lenticular laminated shale, and mudrock clasts. They serve as 
background lithofacies into which massive lenticular-bedded very coarse-
grained sandstone is incised. Elsewhere, they occur as laterally extensive 
mudrock containing sporadic carbonaceous material and interbeds of 
planar subparallel-bedded clayey sandstone. Individual beds are 
separated by discontinuous silt streaks and lenses and may be up to 1.3 m 
thick and 100 m wide. Mudrock clasts of various sizes occur intermittently 
and as rip-up clasts at lower sections of scour-filled sandstone. 

3.1.2 Architectural elements, porosity, and permeability 

The lithostratigraphic framework based on selected correlation scheme 
reflects a high degree of variability in sand-body geometry and dimension, 
continuity, and stacking pattern (Figure 4). On this basis, seven 
architectural elements are recognised in the fluvial body: major channel, 
lateral-accretion deposit, downstream-accretion deposit, levee, crevasse 
splay, floodplain fines, and floodplain mud (Figure 5). These elements are 
grouped for geological modelling purpose into three, namely: (a) Channel 
Elements (2) Overbank Elements (3) Floodplain Elements, and they 
represent the principal depositional facies in the fluvial body. Two of the 
three zones recognised were selected for geological modelling. 

3.2 Discussion 

3.2.1 Depositional architecture and sand-body connectivity 

Connectivity pathways created by reservoir quality sand bodies are fluid flow through a sand body. Fluid migration through a sand body is 
reduced by discontinuous, relatively impermeable barriers, such as shale 
lenses, which increase tortuosity of fluids through the sand body (Tyler 
and Finley, 1991; Puig et al., 2019). Based on dominant lithology, grain 
size,  sedimentary  structures,  and  nature  of  bedding,  Omoniyi  and Imagbe  (2025)  recognise  fifteen  lithofacies  in  the  fluvial  body.  For 
modelling  purpose,  the  lithofacies  are  grouped  into  three:  (1)  pebbly 
sandstones, (2) interbedded sandstones, and (3) mudrocks (Figure 3). 

Interbedded sandstones account for 19.8% of the rock exposure and 
comprise variable proportion of non-net lithology. They are distinguished 
by variable bed thicknesses that range from 0.2 m to 1.5 m and extend 
laterally up to 45.0 m across the width of the exposure before thinning out 
into a blanket of mudrock. The heterolithic lithofacies comprise medium-
to-coarse-grained sandstone that is poor-to-moderately sorted and is 
interbedded with shale or claystone. They have lower net-to-gross (50-
65%) and lower visible porosity than pebbly sandstones (<20%). 
Associated with these lithofacies are tabular bedding, wavy subparallel 
bedding, discontinuous wavy-to-non-parallel lamination, ripple 
lamination, ripple cross lamination, flaser lamination, and less commonly, 
convoluted lamination that emanated from excess sand deposition with 
minor mud. 

The lithofacies models for Zones 1 and 2 captured by the lithostratigraphic 
framework reflect distinct lithofacies distribution trends, allowing strong 
deterministic control that perfectly captures the geological concept and 
architectural elements. Pebbly sandstones dominate channel-fill 
sequences in the two zones and represent mud-to-sand-prone heterolithic 
facies in the main channel, whereas interbedded sandstones, which extend 
from channel margin to overbank, dominate crevasse splay sequences as 
sandstone-to-sand-prone  heterolithic  deposits.  Mudrocks  represent 
background  lithofacies,  occurring  as  floodplain  fines  and  mud.  Porosity 
and  permeability  models  reflect  a  strong  control  of  lithofacies  on 
distribution  of  these  properties. Pebbly  sandstones  in  channel-fill 
sequences are the most  porous and mudrocks are the least  porous. 
Sand bodies  that  are constrained within channel  margin and proximal 

overbank  are  typified  by  higher  porosity  and  permeability  than 
poorly sorted clay-clasts-rich pebbly sandstones in the channel axis. 

critical to effective fluid recovery (Howell et al., 2014). Fluvial sand bodies 
are internally complex and may present a huge challenge during reservoir 
development. In fact, a seemingly uniform sheet of high-permeability sand 
may actually turn out to be composed of many irregularly distributed clay 
rip-up clasts that drape the basal parts to create discontinuity surfaces 
and thus compartmentalise otherwise continuous reservoirs. The 
complexity of fluvial depositional systems controls their stratigraphic 
architecture and sand-body geometry and dimensions (Miall, 2014). The 
fluvial body is marked by low net-to-gross, complex sand-body 
architecture and internal geometry that reflect attributes of sediments 
deposited in a meandering river channel (van Toorenenburg et al., 2016). 

Zone 1 is composed of a major channel and within-channel elements that 
occur as lateral-accretion and downstream-accretion deposits. The 
channel element exhibits a complex ribbon geometry that scoured into 
underlying floodplain mudrock to develop upward-thinning and upward-
fining sedimentary sequences. The upward-fining trend in grain size is 
indicative of a progressive loss of river energy, through time, within the 
river channel, and caused finer and finer-grained sediments to be 
deposited as the flow velocity decreased gradually (Slatt, 2013; Miall, 
2014). The vivid grey colour exhibited by the mudrock (shaly and 
occasionally carbonaceous) in this zone indicates the prevalence of 
waterlogged reducing conditions (Jones and Glover, 2005). The sand body 
and the overlying mudrock make up a 10 m-thick major channel sequence, 
which is marked mostly by fairly continuous pebbly sandstones that pass 
upward to coarse sandstones, forming characteristic vertically stacked 
channel fills. This stacking pattern is enhanced by bed amalgamation and 
it is prominent in the channel axis. Channel sandstones are composed of 
tabular cross-beds that are 0.5-0.8 m long and lenticular-shaped scours 
that are 5-6 m wide and 0.3-3.0 m high. The scour and fills are composed 
of trough cross-bedded sandstones that are mainly medium-to-coarse-
grained and pebbly in places. The major channel elements are 
distinguished by broad and flat erosive bases that are overlain by mud-
prone load casts, and are made up of stepped margins. Based on the fine-
grained sandstones to lenticular-bedded granular-to-pebbly sandstones 
that dominate sediment infilling in the stepped channel margins, the 
sequence is interpreted to have been deposited during falling stages of 
meandering river flow (Friend and Sinha, 1993; Collinson and Mountney, 
2019). Field observations showed the tendency of sandstone bodies to 
amalgamate increases with increasing lithofacies proportion. In this 
regard, appreciable lateral continuity of sand bodies in upper part of the 
channel element creates lateral stacking in contrast to lower part where 
isolated stacking develops as a result of progressive confinement of pebbly 
sandstones downsystem. Although pebbly sandstones thin away from the 
channel axis to the overbank, increasing net-to-gross associated with 
lateral continuity of channel sandstones into the overbank area where 
they accumulate as crevasse splays enhances connectivity between 
laterally-stacked interbedded sandstones and vertically-stacked pebbly 
sandstones (van Toorenenburg et al., 2016). 

Zone  2,  by  contrast,  comprises  lateral  accretion  deposits  that  are 
displayed  as  sheet  sand  bodies.  These  sheet  bodies  have  flat  bounding 
surfaces  but  lack  erosional  features,  suggesting  deposition  in  the 
floodplain by poorly channelised or unstable channelised flow. Average 
width-to-height  ratio  of  the  sandbodies  is  15.  Aside  from  these  lateral 
accretion  deposits,  the  zone  consists  of  lens-shaped  sandstone  that  fills 
broad  and  shallow  scours  to  form  2.5-3.0  m-thick  and  6.0-7.5  m-wide 
sedimentary  fills.  These  scours  have  simple  ribbon  geometry  and  are 
interpreted as crevasse channels while the associated sheet sand bodies 
are  interpreted  as  crevasse  splays.  Together,  they  represent  overbank 
elements  and  their  deposition  is  linked  to  poorly  channelised  or 
unstable channelised flow that breached the channel margin, carrying 
and  depositing  extensive  bedload  sediments.  In  this  zone,  there  are 
discontinuous tabular-bedded sandstone beds that are up to 0.5 m thick 
and are frequently sandwiched between two extensive sheet sand bodies
 within  a  blanket  of  floodplain  fines.  These  discontinuous  bodies  form 
distal  overbank  sheets,  extending  from  proximal  crevasse  splay  to 
distal crevasse splay. The orientation of the accretion surface and that of 
the  cross-bedding  in  the  downstream-accretion  element  ranges from 45 to 50 degrees, implying accumulation of  sheet  sand bodies by 
accretion   in   a  direction  that  was  parallel  to  local  flow.  Floodplain
fines  that  separate  these  sandstones  imprint  on  them  an  isolated 
stacking   pattern,   which   translates   to   poor  vertical  connectivity. 
Although   potential  for  bed  amalgamation  is  low,  lateral  migration  of 
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Zone 3 succeeds Zone 2 and tops the fluvial body. This zone comprises 
distal overbank sandstone sheets that are less than 0.5 m thick and are 
blanketed by thick sequences of floodplain fines (more mud than silt). The 
presence of fine lamination and very small ripples in the sandstone sheets 
suggests deposition by suspension during a waning flood regime 
(Galloway and Hobday, 1996; Stow, 2005). The zone has low net-to-gross 
(<20%) and correspondingly very poor visible porosity (<15%), and 
therefore has poor reservoir quality. 

3.2.2 Implications for hydrocarbon recovery 

Fluvial sand bodies favour accumulation of hydrocarbon fluids, but how 
much of the hydrocarbon volume is connected remains uncertain  because 
of uncertainty in their internal architecture, which makes it difficult to 
model and predict fluid flow in subsurface analogue reservoirs (Issautier 
et al., 2014). Although it is important to locate sand-rich channel elements 
in low net-to-gross fluvial bodies, establishing degree of connectivity 
between these channel elements determines hydrocarbon recovery 
(Larue and Friedmann, 2005; Ringrose and Bentley, 2015). Beyond 
establishing the degree of connectivity, numerous clay-draped 
discontinuity surfaces that develop irregularly across basal parts of fluvial 
reservoirs not only complicate flow models but also make fluid flow 
predictions inaccurate even in otherwise continuous sheet sandstone 
reservoirs. Outcrop-based integrated geocellular modelling can improve 
understanding of the variability in channel bodies’ geometry and 
dimensions for better characterisation of subsurface analogue reservoirs 
(Enge et al., 2007; Howell et al., 2014, Pranter et al., 2014). 

4. CONCLUSIONS 

Although ancient analogues are associated with problems of scales caused 
by relatively small size of exposures, they provide the basis for 
understanding reservoir rock distribution and aid qualitative and/or 
semi-quantitative prediction of reservoir behaviour. This study 
demonstrates the complexity of low net-to-gross fluvial body captured by 
facies variations, sand-body architecture, internal geometry and stacking, 
and rock property distribution in the two zones modelled. 
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et al., 2007). As successfully carried out in the Wytch Farm oil field, water 
injection into existing aquifer provided pressure support and effectively 
swept oil from the relatively well-connected Lower Sherwood Sandstone. 
Where sand-body communication is poor, as is the case for Upper 
Sherwood Sandstone, horizontal laterals drilled from existing wells into 
un-drained reservoir intervals improved oil recovery at lower water cuts 

(Hogg  et  al.,  1999).  Beyond  this  depletion  strategy,  gas  injection  may prove  more  effective  to  reduce  potential  for  bypassed  oil  in  the 
upper low- connectivity areas, and therefore, ameliorate the problem of 
preferential  flooding  in  producing  fluvial  reservoir  analogues  that  have 
similar internal architecture. 

thalwegs  during  deposition  may  significantly improve lateral stacking 
of poorly channelised sand bodies. 

Fluvial sandbodies with typical complex ribbon geometry and internal 
architecture dominated by sand and mud within well-defined meander 
belts, as exemplified by Zone 1, are commonly associated with well-
developed point bars, crevasse splays, and mud-rich channel plugs within 
extensive floodplain mudrock (Miall, 2014). In these belts, there is a 
difficult arrangement of sand pods, lenses, and channels that results in a 
complex labyrinth of interconnected sand bodies, even when they extend 
laterally over several hundreds of metres (Sahoo et al., 2016; Colombera 
et al., 2017). Zone 70 of the Sherwood Sandstone reservoir in Wytch Farm 
oil field, United Kingdom, is a classic example of subsurface analogue that 
depicts this stratigraphic architecture and sand-body geometry. The zone 
comprises a 20 m-thick floodplain mudrocks and sand-rich channel-fills 
(Hogg et al., 1999). Despite the compound ribbon geometry and 
characteristic vertical stacking of sandstones in this zone, channel lags 
with intraformational mudrock rip-up clasts overlying basal erosional 
surface pose a huge risk to vertical communication as flow baffles (Newell 
and Shariatipour, 2016). Aside from the risk of flow baffling, such 
sequences may lack overbank sheets in crevasse splays and thus be 
capped by thick floodplain mudrock that restricts lateral continuity of 
good quality interbedded sandstones from channel margin to proximal 
overbank (Figure 6). In the presence of discontinuous sandstone sheets, 
effectiveness of horizontal sweep of hydrocarbon by injected water, in this 
instance, is largely uncertain. However, vertical connectivity between two 
point bars may improve where floodplain mudrocks do not totally 
separate them areally and/or there are proximal sand-rich crevasse splays 
(Donselaar  and  Overeem,  2008;  van  Toorenenburg  et  al.,  2016).  The 
presence  of  crevasse  splays  in  Zone  2  improves  lateral  continuity  of 
good-quality  sand  bodies,  but  mud-prone  heterolithic  deposits 
between two splays may reduce vertical connectivity and therefore 
pose a significant risk to flow communication between two successive
 hydrocarbon-bearing splays (Figure 7). This is the case for Zone 30 
in the Sherwood Sandstone reservoir where a 7 m-thick interval of splay 
sandstones is interbedded with mud-prone floodplain deposits (Hogg et
 al., 1999). 

Zone 1, composed of a major channel and within-channel elements, 
exhibits a complex ribbon geometry that scoured into underlying 
floodplain mudrock while forming upward- thinning and upward-fining 
vertically stacked successions of pebbly sandstones. Zone 2, by contrast, 
comprises sheet sand bodies with relatively flat bounding surfaces that 
lack erosional features. The sediment fill in this zone is attributed to 
deposition by poorly channelised or unstable channelised flow. However, 
the sediment fill is occasionally associated with sandstones that fill its 
broad and shallow scours forming lens-shaped sedimentary successions. 
Generally, the two zones are characterised by lateral thinning of bed 
thickness from channel axis to overbank. Unlike in Zone 1, sand bodies in 
Zone 2 are associated with increasing net-to-gross closely attributed to 
lateral continuity of channel sandstones into the overbank where they 
accumulate as crevasse splays. These splays enhance connectivity 
between laterally-stacked interbedded sandstones in Zone 2 and 
vertically-stacked pebbly sandstones in Zone 1. Zone 3, which tops the 
fluvial body, comprises distal overbank sheets sandwiched between thick 
intervals of floodplain fines and mud, and are considered non-reservoir 
because of low net-to-gross and very poor visible porosity. 

Findings reveal that intraformational mudrock rip-up clasts overlying 
basal erosional surfaces may pose a huge risk to vertical communication 
in subsurface analogues that have similar internal architecture. Aside from 
this risk, absence of well-developed crevasse splays in subsurface 
analogues may deny them overbank sand sheets that would otherwise 
enhance interconnectivity of sand bodies for better hydrocarbon recovery. 
Furthermore, the thick floodplain mudrock that caps low net-to-gross 
fluvial body, as exemplified by this study, may restrict lateral continuity of 
good quality interbedded sandstones from channel margin to proximal 
overbank thereby increasing risk of poor horizontal sweep of 
hydrocarbon. When floodplain fines and mud (mud-prone heterolithic 
deposits) do not totally separate sand bodies areally and/or there are 
proximal sand-rich crevasse splays, vertical communication between two 
successive hydrocarbon-bearing layers may be significantly enhanced. 
While more data are necessary to improve understanding of the 
distinctive productive zones and minimise risk of flow baffles/barriers in 
low net-to-gross fluvial reservoirs, three-dimensional geometry, 
orientation, spatial distribution, and total volume of net sand bodies must
be  determined  to  develop  these  reservoirs  and  effectively  manage 
hydrocarbon production  in the long run. 
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