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Submarine channels are the primary targets of deep-sea hydrocarbon exploration and
production. They are repositories for huge accumulation of reservoir sands. With the
increased focus on deep-sea hydrocarbon exploration, it is imperative to continue to
advance research relating to these significant underwater sediment host structures. We
have, in this study, utilized a high-resolution, 3D seismic reflection dataset covering an
area of 950 km? in the deepwater western Niger delta to characterize and understand
interactions between these subaqueous channels and seafloor. Our study revealed a sea-
floor characterized by crescent-shaped, low-angle, gentle dipping-walled submarine chan-
nels, fault scars, pockmarks, and a shale-cored anticlinal fold structures. The seismic facies
associated with the channels includes moderate to high amplitudes and discontinuous to
continuous seismic reflections. The channels were mainly associated with reservoir sands
and followed topographic lows, trending downflow, NW-SE of the study area. A major
low sinuosity (<1.10) channel of about 15.4 km long, with a vertical relief of over 200.0
m to the channel floor traversed the study area. Although there is no evidence of seabed
incision and erosion of this major channel, there is a tendency for channel deflection away
from the seafloor relief due to the growth of anticlines above the toe-of-thrust area which
could result in an increase in channel width and thus more accommodation space for
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1. Introduction

Submarine channels are major conduits for sediment
transport across continental shelves, continental
slopes to the deep ocean, and are important morpho-
logical features on continental slopes and the seafloor
(Deptuck et al., 2007; Mayall et al., 2006; Sylvester
et al, 2012; Wynn et al., 2007). Submarine channels’
lengths can be tens to thousands of kilometers long;
the width could be 10 to 100 of km; and the depth, a
few meters to hundreds of meters. Smaller scale chan-
nels, however, may be stacked in a wide variety of ways
with vertical, lateral, and shingled geometries (Fig. 1).

Submarine channels are important repositories for the
accumulation of reservoir sands and are thus primary
targets of deep-sea hydrocarbon exploration and pro-
duction (Deptuck et al.,, 2003). Prior to the introduc-
tion of 3D seismic technology, studies on submarine
channels relied primarily on surface and subsurface
morphology measurements employing acoustic sonar
systems and 2D seismic data to explore channel archi-
tecture (Damuth et al.,, 1983; Damuth and Flood, 1988;
McHargue and Webb, 1986). The current understand-
ing of subaqueous channel shape, architectural styles,
and depositional processes is a direct outcome of the
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Figure 1. Submarine channel geometries (adapted from Mayall and O’Byrne, 2002).

acquisition of high-quality 3D seismic datasets that
have improved submarine channel system imaging
(Arnott, 2007; Deptuck and Sylvester, 2018).

Because submarine channels are known to play a
key role in the architecture of slope deposits (Syvitski
and Schafer, 1996), knowledge with regard to the pro-
cesses that lead to their formation are very important.
Likewise, many internal architectural components of
most submarine channel reservoirs are often below
seismic resolution and thus confronted with scaling
issues, prompting sedimentary outcrop studies which
have lately become a vital part of submarine channel
studies for a better understanding. Sedimentary out-
crops are now fundamental tools used to calibrate
seismic facies (Abreu et al, 2003; Cross et al, 2009;
Macauley and Hubbard, 2013), and to date have proven
to be excellent analogs to subsurface systems. Due to
the evident difficulties in directly viewing the dynam-
ics of submarine channels, comparisons with their
subaerial counterparts are frequently made to pro-
vide important insights into submarine channel dep-
ositional processes. Significant morphological, flow
process dynamics and deposit differences, as well as
similarities between these channels, have also become
extensively recognized. A comprehensive comparison
of these sediment and fluid flow features has been
stated in Kolla et al. (2007), Wynn et al. (2007), Arnott
(2007), Peakall et al. (2007), and Kolla et al’s (2001)
studies. In terms of plan view morphology, both sub-
marine and fluvial channels resemble each other in
appearance by appearing sinuous. Other planform
similarities include being bounded by natural levees,
having overbank splays, and maintaining equilibrium
gradients (Arnott, 2007). By demonstrating consider-
able downstream migration and bend cutoffs, erosive
undersea channels are strikingly comparable to fluvial
channels (Abreu et al,, 2003). There are substantial

differences, however, mostly in the flow mechanics and
the resulting deposits. In subaerial channels, sediment
and fluid movement is normally controlled by traction
(bed load) and can be slow around channel bends,
whereas transport in submarine channels is controlled
by suspension and is usually quite fast. When com-
pared to fluvial channels, submarine channels have
substantially higher natural levee heights and sand
units that can be rather extensive (Clemenceau et al,,
2000; Damuth et al.,, 1998). The downstream channel
widths and depths decline, whereas the fluvial chan-
nel widths and depths increase (Covault et al., 2016;
Deptuck and Sylvester, 2018). Submarine flow depos-
its are typically devoid of structural elements such as
planar lamination and cross stratification, while these
are abundant in fluvial channels. Asymmetry due to
the Coriolis force is seen in channels with very big sub-
marine fans, but it is not visible in channels with the
largest subaerial fans (Imran et al., 1998). The average
width/depth ratios for submarine channels are gener-
ally smaller than their subaerial counterparts and are
particularly low for some of the largest high-sinuosity
systems (Amazon, 10; Indus, 8-50; data from Clark
and Pickering, 1996). Extensive works have been
undertaken to investigate the interactions between
submarine channel systems and seafloor structures
(Gee and Gawthorpe, 2006; Hansen et al, 2017;
Huyghe et al., 2004; Deptuck et al., 2007; Pirmez et al,,
2000; McHargue et al., 2011). Likewise, the study of
the influence of deformation on channel morphology
has been documented in Mitchell et al. (2021), Pizzi
et al. (2021), Ashiru et al. (2020), Jolly et al. (2017),
and Morgan et al. (2004). Despite these contributions,
many aspects of submarine channels interact with
active structures on the seafloor in many deepwater
settings as it affects channel pathways, geometry as
well as sediment transport, and distributions are yet to
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be fully understood. Therefore, it is critical to initiate
this fundamental research with a view to contributing
to a better understanding and providing new insight
on the submarine channel-seafloor interaction in an
actively deforming structural setting like the deepwa-
ter Niger delta. We are utilizing a 3D seismic reflection
data with area coverage of approximately 950.0 km?
within the toe-of-thrust area of the deepwater Niger
delta to identify and describe the channel systems and
understand their interactions with seafloor structures
such as the growing anticlinal folds/thrust in the area.

1.1. Geologic setting

The study area covers about 950 km? and it is within
the toe-of-thrust belt of the deepwater Niger delta. The
toe-of-thrust fold belt is located about 150 km off the
Nigerian coast, in water depths well above 3,000 m.
Both the subaerial and subaqueous units of the Niger
delta make up approximately a 12 km thick sediment
cover of about 140,000 km? area (Whiteman, 1984).
The Niger delta basin is situated along the west coast
of Africa in the Gulf of Guinea, off the southern Atlantic
shores of Nigeria. It is a prominent basin in West Africa
and at present ranking the ninth largest deltaic system
in the world (Doust and Omatsola, 1990; Grimaud
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et al,, 2018). The Niger delta is a major prolific petro-
leum-producing tertiary delta that together accounts
for about 5% of the world’s oil and gas reserves.
Rifting in Niger delta began in the Late Jurassic
and stopped in the Cretaceous. This period witnessed
the development of major faults including normal
and listric faults, as well as thrust faults. Deltaic sed-
imentation was initiated in the Palaeocene, with the
delta assuming its arcuate wave-dominated morphol-
ogy in the early Miocene (Doust and Omatsola, 1990;
Whiteman, 1982). The subaerial portion of the Niger
delta covers approximately 75,000 km? and stretches
for about 200 km from apex to mouth (Fig. 2). Reijers
(2011) described the Niger delta as an overall suc-
cession of regressive, offlapping sediment cycles with
three diachronous mixed siliciclastic units; the over-
pressured Akata, Agbada, and Benin formations. The
Akata formation is basically a Paleocene to recent
shale sequence of about 3-4 km thick consisting
of parallel-laminated, basin-floor, prodelta shales,
marine muds, turbidite sands, and minor quantities
of silt and clays. It is conventionally regarded as the
host to the principal source rock for hydrocarbons
in the Niger delta (Doust and Omatsola, 1990; Haack
etal, 2000). The Agbada formation (Eocene to recent)
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Figure 2. Map showing the deepwater Niger delta and location of study area.
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Figure 3. Regional seismic profile across the Niger delta showing the link between the extensional
province on the shelf and the contraction in the toe-of-thrust systems in the deepwater (Corredor
et al., 2005).

Figure 4. a and b. An overview of observations in seismic reflection profile in-line
1,107 showing some seismic amplitude anomalies, channels, bright spots, flat
spots, fault lines, and polarity change.
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is about 3.2 km thick and consists of mixed clastic sed-
iments, including fluvial sands whose rapid sedimen-
tation and accumulation contributed to the diapiric
nature of the Agbada shales. The Agbada formation
provides the main reservoir rocks for hydrocarbons
and little or no overpressure has been recorded within
it. Finally, the Benin formation (Late Eocene to recent)
is largely continental and fluvial in origin and charac-
terized by floodplain sand as well as alluvial depos-
its (Reijers, 2011). Three major structural domains
(Fig. 3) are recognized in the delta region and are
described in Damuth (1994), Connors et al. (1998),
and Corredor et al’s (2005) studies, among many oth-
ers. This includes the following:

(a) An inner fold and thrust belt, characterized by
a higher structural dip with an average distance
between imbricated thrust sheets of between 1
and 2 km and with the formation of occasional
piggyback basins (Corredor et al., 2005);

(b) A detachment fold belt, characterized by large
areas of minor deformation from thrust- or
shale-induced folding (thrusting and folding
due to shale swelling), with a long-transport
thrust sheet dimensions ranging from 2 to 5 km;

(c) Outer fold and thrust belt, comprising local dep-
ocenters and both basinward and hinterland
verging thrusts. This domain is situated further
down dip, with channelized turbidite sands
trapped in broad-wavelength anticlines above
incipient thrust propagation zones.

2. Data and Methods
2.1. Seismic reflection data

The entire 3D seismic reflection data used for this
research cover an area of approximately 950 km?. The
dataset is a zero-phase, time-migrated volume with
a positive amplitude represented by a red, yellow, or
brown peak and negative amplitude by a light blue or
dark blue trough, respectively, signifying an increase
and decrease in acoustic impedance, respectively. The
seismic survey consists of 1,185 NW-SE in-lines spaced
at 28 m and 1,057 SW-NE cross lines spaced at 27 m.
Velocity data obtained from sonic logs for TWT inter-
vals of 3,100-3,400 (shallow sections) was 1,541.6
m/second; 4,500-5,000 (middle section), 2,809 m/
second; and 5,600-6,000 (deep section), 3,119.6 m/
second. Due to variation in frequency in the dataset
at the shallow, middle, and deeper sections, ranging
from 27 Hz at the shallow intervals to 17.5 Hz at the
deeper section, the estimated vertical resolution is 14,
39, and 45 m at 3,400, 5,000, and 6,000 ms, respec-
tively. The general principles of seismic stratigraphy

(Posamentier et al.,, 2007) were used as guide for
seismic interpretation such as defining the reflection
packages, which comprise the seismic facies, continu-
ity of seismic events (either continuous or discontinu-
ous), internal geometry within each seismic package
(parallel, subparallel, and chaotic), and generation of
surfaces, amplitude extraction, and attribute analysis.

2.2. General observations of seismic amplitude
anomalies

Seismic amplitude anomalies characterized by local
increase or decrease of seismic reflection amplitude
were identified across the seismic reflection profile
and they include the following:

2.2.1. Bright spots

These represent alocal increase in positive or negative
amplitude along a reflection. Bright spots commonly
indicate the presence of hydrocarbons. Most of the
observed bright spots were at the anticlines and at the
base of the channels.

2.2.2. Flat spots

These are relatively flat seismic events that cut across
the stratigraphic reflection. Flat spots may repre-
sent contact between a gaseous hydrocarbon, with
low acoustic impedance and oil, with higher acoustic
impedance.

2.2.3. Phase reversal

This is otherwise called a polarity change. It is a shift
along a continuous reflection so that a peak becomes
a trough.

2.2.4. Bottom simulating reflector (BSR)

This was observed at the upper half of the profile close
to the anticlinal structure. Normally, a BSR develops
at the contact between a low acoustic velocity and
an overlying higher acoustic velocity zone. These are
anomalous seismic reflectors, characterized by high
amplitude and negative polarity, as well as intersect
sedimentary strata of host sediments (Berndt et al,,
2004; Kvenvolden, 1983; Rodrigo et al., 2009). BSR
appears as flat spots, but are very extensive and tend
to mimic the topography of the seafloor. The identified
BSRs tend to follow the up-dip strata formed by the
anticlinal structures.

2.3. Seismic facies analysis

Three distinct seismic facies types characterize the
depositional sequence of the study area. These were
identified based on the lateral continuity, truncation,
reflection amplitude, and internal reflection geometry.
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Figure 5 briefly describes the three types of facies
observed from arbitrary seismic section in the study
area. Other facies observed include the transparent
hummocky reflectors which are typical of shale dia-
pirs occurring in the area.

3. Results and Discussion
3.1. Tectono-stratigraphic framework of the study area

Interpretations were carried out mainly by identifying
major seismic events using arrival times and defining
distinct seismic reflection packages. Relative ages were
assigned to identify units based on the premise that
within the Niger delta, sediments build out in depo-
belts, and thus get younger basinward. It is assumed
that within the Niger delta toe-of-slope, the prodelta
mobile shale unit is Paleogene. The overlying paralic
sequence is Neogene (Upper Tertiary) and includes
the Miocene and Pliocene ages (Haack et al., 2000;
Lehner and De Ruiter, 1977). Six major seismic events
excluding the seafloor were identified for picking,
although some other distinct surfaces, based on seis-
mic facies characters, were also picked. The six major
seismic events represent tops of chronostratigraphic
intervals (Fig. 6). These events have been labeled top
Tertiary mobile shale unit, top lower Miocene unit I,
top lower Miocene unit II, top mid-Miocene unit III,

top upper Miocene unit [V, and top Pliocene unit. Brief
descriptions of the seismic stratigraphic units are
given below.

3.2. Top Tertiary mobile shale unit

This represents the basal unit of the sedimentary
sequence. The arrival time corresponding to this unit
is 6,000 ms. It is characterized by chaotic, discontin-
uous, and low-to-medium amplitude reflections. The
unit represents the top of the less dense, overpres-
sured mobile shale unit. The unit usually serves as the
detachment zone for the thrust fault that develops in
the area. The unit corresponds to the Akata formation,
which is the known host of the source rocks for hydro-
carbon generation (Avbovbo, 1978).

3.3. Top lower Miocene unit |

This is assumed to represent the base of unit I of the
stratigraphic sequence. It corresponds to an arrival
time of 5,500 ms. The unit is characterized by low-to-
high, bright amplitude, semi-continuous, subparallel
reflections. This unit directly overlies the shale detach-
ment unit and appears to be an erosional surface.

3.4. Top lower Miocene unit Il

This key surface corresponds to the arrival time of
5,000 ms. The unit is characterized by medium-to-high

= to high amplitude reflections. They are more prominent just below

.| facies are developed around the top centr;l part of the study area
o just below facies 1. The undulating depositional bedform appears

These are low-frequency di i . transp and low-
amplitude reflections. They are often described as chaotic and
J arech istic of mass port deposits.

Facies 1 Parallel, high amplitude reflections
These facies are characterised by continuous, parallel, and medium

the seabed and are here interpreted as hemi-pelagic deposits. The
thickness varied due to topography of the seabed but averages
about 100ms.

Facies 2: Discontinuous high amplitnde reflections

These appear as di 1 . high de reflections. The

concave upwards with internal fills typical of channel-levees.
High amplitude reflector packages are commonly observed at the
base of the channel-levees systems and is suggested that they may
represent coarse grained deposits.

Facies 3: Chaotic discontinuous low amplitude reflections

Figure 5. Arbitrary seismic section showing the three distinct seismic facies in the study

area.
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Figure 6. Seismic section showing the tectono-stratigraphic framework of the

study area.

amplitude continuous reflections. There are some ero-
sional channels within this unit. The unit is marked by
a prominent uplift of strata, at the central and north-
eastern parts of the basin, creating a mini basin. The
uplift is assumed to be due to shale tectonics which
could be a direct consequence of plastic flow of the top
Tertiary mobile shale units.

3.5. Top mid-Miocene unit Il

This surface corresponds to arrival time 4,600 ms. It is
characterized by low-to-medium amplitude semi-con-
tinuous reflections. It is similar to unit Il apart from
the relatively thicker package.

3.6. Top upper Miocene unit IV

This is an erosional surface which appears to on-lap
on the anticlinal structure close to center and on
the eastern end of the section. It is characterized by
medium to high amplitude reflection. There are ero-
sional channels within this unit.

3.7. Top Pliocene unit

This unit is relatively thick with many stacked chan-
nels within it. The unit has two distinct layers of mass
transport deposits separated by a sandy interval. This
unit also has a prominent BSR that crosscuts the sedi-
mentary strata and distinctly marks the top of free gas
and base of gas hydrate zone. Seismic facies characters
include a chaotic, discontinuous to semi-continuous,
and low-to-medium amplitude reflections.

3.7.1. Seafloor

The seabed is characterized by a continuous high
amplitude reflection.

3.8. Seafloor morphology

The seafloor is a very important key surface in this
research. We used a seismic velocity of 1,500 m/sec-
ond to generate a depth structure map of the sur-
face to depict the seafloor bathymetry of the area
(see Figs. 7 and 8). It was observed that active chan-
neling of the seafloor dominates the southeastern por-
tion of the study area and a major channel traverses
the area between two anticlinal structural highs which
allowed the transport of sediments. Apart from the
channels, other seabed expressions, such as fault scars
and pockmarks, were also observed at the northern
part of the study area, close to the anticlinal highs
(Fig. 7). The presence of the fault scars and pockmarks
associated with faults and faulted anticlines suggest
gas venting near the seabed (such as the occurrence of
gas hydrates) (Cathles et al., 2010), as well as a reflec-
tion of shallow fluid flow linked to a likely buried res-
ervoir facies that is part of the submarine channel fill
(Heggland, 1998).

3.9. Submarine channels

3D seismic interpretation revealed the presence of
three Eocene to recent channels (Channels AB-1,
AB-2, and AB-3). Morphologically, the channels were
observed to be U-shaped and crescent-shaped, with
low-angle gentle dipping walls. Linear channels gen-
erally tend to follow the topographic lows of the study
area and show a flow pathway trending NE-SW, with
a relatively moderate slope. In the shallow part of
the study area, between 3.5 ms and 3.7 ms, we iden-
tified channel AB-2, a very prominent large channel
(Fig. 9b) that runs across the area, measuring about
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Figure 7. Seafloor surface map showing the area of active channeling.
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Figure 8. Plan view of the seafloor; yellow outline shows the fault scars and
identified pockmarks.
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Figure 9. a: Uninterpreted seismic section b: Interpreted seismic section showing
submarine channels, channel fills, and internal levees.

15.4 km and trending in a NW-SE direction. The chan-
nel was observed to be flanked on both sides by struc-
tural highs (mobile shale ridges) with vertical relief
of over 200.0 m to the channel floor. The outer levee
height in relation to the channel thalweg was about
40.0 m. This large channel, AB-2, had a sinuosity of
<1.1, which may have been influenced by the anticlinal
structure that shows prominent relief on the seafloor.
Although channel complexes tend to follow the topo-
graphic lows of the study area, the deflection of some
of the channels away from the seafloor relief due to
the growth of anticlines above the toe-of-thrusts could
not be ascertained. Other small-scale channel forms
(AB-1 and AB-3) tend to be erosional in character, as
shown in Figures 9b and 10, where slumping of sedi-
ments on the seafloor could have triggered erosion by
submarine gravity flows (see Fig. 4b). Also, there was
no evidence of channels incising the active growing
anticlines in the study area. However, these smaller
scale channels showed higher sinuosity of >1.5 and
observed to deflect away from the shale-cored anti-
clines and mud diapirs on and near the seafloor.
Buried stacked channels, AB-3, proximal to a strike-
slip fault were also observed at a stratigraphic interval
just below the major NW-SE trending channel.

In terms of seismic reflection signatures, the chan-
nel facies were characterized by a medium-to-high
amplitude discontinuous reflection and the well-de-
veloped flanking outer levees having continuous, rel-
atively low-to-high amplitude convergent reflections.
Channels with their associated levees were found to
occur at stratigraphic intervals in the depositional
sequence, about 300 m below the seafloor. These
levees were observed both within and outside the
main channel (AB-2). The outer levees had a geome-
try which appears as wedge-shaped and flanking the
channel axis. These outer levees were also observed
to thin as well as dip away from the channel. Their
thickness ranged from 40.0 m at the proximal channel
margin to about 20.0 m at the distal end. The seismic
reflection character for the outer levees was generally
low amplitude continuous reflections. On the contrary,
the inner levees were confined within the channel.
Deptuck et al. (2003) noted that within a submarine
channel system, the inner levees may represent over-
bank sediments.

On the seafloor, a relatively smaller erosional chan-
nel of less than 2.0 km was observed. The channel fill
elements observed within the channels were char-
acterized by high amplitude reflections, but in most
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Figure 10. Plan view image of an RMS amplitude map of a submarine
channel AB-2 as observed in the study area. The amplitude extraction
was taken from a 20 ms window on the horizon.

cases, the reflections were discontinuous. High ampli-
tude reflections within a channel system are consid-
ered sand-rich in terms of lithologic interpretation
(Posamentier and Kolla, 2003). The interaction of sub-
marine channels and the seafloor topography in the
study area may not be unconnected with the influence
of basin tectonics (Clark and Cartwright, 2011; Jobe
et al., 2015; Heinido and Davies, 2007; Reading and
Richards, 1994; Morgan, 2003; Saller etal., 2004; Wynn
etal, 2007). Two different scenarios can come to play.
The first is the influence of tectonic-related processes
on channel widths and sediment fill. Tectonic-related
process involving high degree of channel incision of
the seafloor and possible erosion could impact on
channel morphology and cause a reduction in channel
width and the amount of sediments being transported
by the channel. Conversely, when there is a deflection
of channels away from the growing anticlinal fold
structure, it could lead to more accommodation space

for sediment infill of the channels due to an increased
channel width and this could serve as depocenters for
sediment repository (Heiino and Davies, 2006; Jolly et
al.,, 2017; Pirmez et al., 2000). Consequently, the evo-
lution of channels in the study area is considered to
be significantly influenced by basinal tectonics on and
near the seafloor channel incision, as well as the pre-
vailing depositional process.

4, Conclusion

In this study, we have used 3D seismic reflection data
with area coverage of approximately 950 km? to iden-
tify submarine channels and understand how seafloor
morphology may impact on channel pathways and cre-
ation of accommodation space for sediment deposi-
tion. A generated RMS seafloor bathymetry of the study
area showed the presence of submarine channels,
fault scars, pockmarks, and a shale-cored anticlinal
fold structure. The channel facies were characterized
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by a medium-to-high amplitude discontinuous reflec-
tion having well-developed flanking outer levees char-
acterized by continuous and relatively low-to-high
amplitude convergent reflections. In terms of geome-
try, the channels were crescent-shaped, with low-an-
gle gentle dipping walls. The channels in the area fol-
lowed topographic lows, trending downflow, NW-SE
and parallel to structure. Deflection of channels away
from the seafloor relief due to the growth of anticlines
above the toe-of-thrusts could not be ascertained.
However, small-scale channel forms (AB-1 and AB-3)
tend to be erosional in character where slumping of
sediments on the seafloor could have triggered ero-
sion by submarine gravity flows. Channels evolution
has been attributed to basinal tectonics on and near
the seafloor, which is likely to cause an increase in
channel width for more sediment infill.

Acknowledgment

The authors are grateful to the Department of
Petroleum Resources, Nigeria, for providing the data
used for this research. All anonymous reviewers are
appreciated.

References

Abreu V, Sullivan M, Pirmez C, Mohrig D. Lateral accretion
packages (laps); an important reservoir element in
deep water sinuous channels. Mar Petrol Geol 2003;
20(6-8):631-48.

Arnott RWC. Stratal architecture and origin of lateral accre-
tion deposits (lads) and conterminous inner-bank
levee deposits in a base-of-slope sinuous channel,
lower isaac formation (Neoproterozoic), East-Central
British Columbia, Canada. Mar Petrol Geol 2007;
24(6-9):515-28.

Ashiru OR, Qin Y, Wu S. Structural controls on submarine
channel morphology, evolution, and architecture,
offshore western Niger delta. Mar Petrol Geol 2020;
118:104413

Avbovbo AA. Tertiary lithostratigraphy of Niger delta. AAPG
Bull 1978; 62(2):295-306.

Berndt C, Biinz S, Clayton T, Mienert ], Saunders M. Seismic
character of bottom simulating reflectors: examples
from the mid-Norwegian margin. Mar Petrol Geol
2004; 21(6):723-33.

Cathles LM, Su Z, Chen D. The physics of gas chimney and
pockmark formation, with implications for assess-
ment of seafloor hazards and gas sequestration. Mar
Petrol Geol 2010; 27(1):82-91.

Clark IR, Cartwright JA. Key controls on submarine channel
development in structurally active settings. Mar Petrol
Geol 2011; 28(7):1333-49.

Clark JD, Pickering KT. Architectural elements and growth
patterns of submarine channels; application to
hydrocarbon exploration. AAPG Bulletin 1996;
80(2):194-221.

Clemenceau GR, Colbert ], Eddens J. Production results from
Levee-Overbank Turbidite Sands at Ram/Powell Field,
Deepwater Gulf of Mexico. In: Weimer P et al. (eds.).
Turbidite reservoirs of the world, 20th Annual Gulf
Coast Section SEPM Proceedings, pp 241-51, 2000.

Connors CD, Denson DB, Kristiansen G, Angstadt DM.
Compressive anticlines of the mid-outer slope, central
Niger Delta (abs.). AAPG Bull 2009; 82(10):1903.

Corredor F, Shaw JH, Bilotti F. Structural styles in the deep-
water fold-and-thrust belts of the Niger Delta. AAPG
Bull 2005; 89(6):753-80.

Covault JA, Sylvester Z, Hubbard SM, Jobe ZR, Sech RP. The
stratigraphic record of submarine-channel evolution.
Sediment Rec 2016; 14(3):4-11.

Cross NE, Cunningham A, Cook R], Taha A, Esmaie E, El
Swidan N. Three-dimensional seismic geomorphology
of a deep-water slope-channel system: the sequoia
field, offshore west Nile Delta, Egypt. AAPG Bull 2009;
93(8):1063-86.

Damuth JE, Flood RD, Kowsmann RO, Belderson RH, Gorini
MA. Anatomy and growth pattern of amazon deep-sea
fan as revealed by long-range side-scan sonar (Gloria)
and high-resolution seismic studies. AAPG Bull 1988;
72(8):885-911.

Damuth JE, Kolla V, Flood RD, Kowsmann RO, Monteiro MC,
Gorini MA, et al. Distributary channel meandering
and bifurcation patterns on the Amazon deep-sea fan
as revealed by long-range side-scan sonar (GLORIA).
Geology 1983; 11(2):94-8.

Damuth JE. Neogene gravity tectonics and depositional pro-
cesses on the deep Niger delta continental margin.
Mar Petr Geol 1994; 11(3):320-46.

Deptuck ME, Sylvester Z. Submarine fans and their chan-
nels, levees, and lobes. In: Submarine geomorphology.
Springer, Cham, 273-99, 2018.

Deptuck ME, Sylvester Z, Pirmez C, O'Byrne C. Migration-
aggradation history and 3-D seismic geomorphology
of submarine channels in the Pleistocene Benin major
Canyon, western Niger Delta slope. Mar Petrol Geol
2012; 24(6-9):406-33.

Deptuck ME, Steffens, Steffens GS, Barton M, Pirmez C.
Anatomy 101; dissecting a West African Channel-
Levee System using 3-D seismic methods. Abst Progr
Geol Soc Am 2003; 35(3):77.

Doust H, Omatsola E. Niger delta. In: Edwards JO, Santogross
PA (eds.). Divergent passive margin basins tulsa, AAPG
Memoir, pp 201-38, vol. 48, 1990.


http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref1
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref2
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref3
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref3
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref3
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref3
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref4
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref4
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref5
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref6
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref7
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref8
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref9
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref10
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref10
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref10
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref11
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref11
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref11
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref12
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref12
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref12
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref13
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref14
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref14
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref14
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref14
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref14
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref15
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref16
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref16
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref16
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref17
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref17
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref17
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref18
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref18
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref18
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref18
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref18
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref19
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref19
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref19
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref19
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref20
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref20
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref20

378 L. O. Imagbe et al. / Science Forum (Journal of Pure and Applied Sciences) 22 (2022) 367 — 379

Gee MJR, Gawthorpe RL. Submarine channels controlled by
salt tectonics: Examples from 3D seismic data offshore
Angola. Marine Petrol Geol 2006; 23(4):443-58.

Grimaud JL, Rouby D, Chardon D, Beauvais A. Cenozoic sed-
iment budget of West Africa and the Niger delta. Basin
Res 2018; 30(2):169-86.

Haack RC, Sundararaman P, Diedjomahor JO, Xiao H, Gant
NJ, May ED, et al. AAPG Memoir 73. In: Mello MR,
Katz BJ (eds.). Chapter 16: Niger Delta Petroleum
Systems, Nigeria, American Association of Petroleum
Geologists, Tulsa, OK, 2000.

Hansen L, Janocko M, Kane I, Kneller B. Submarine chan-
nel evolution, terrace development, and preservation
of intra-channel thin-bedded turbidites: Mahin and
Avon channels, offshore Nigeria. Mar Geol 2017; 383,
146-67.

Heggland R. Gas seepage as an indicator of deeper prospec-
tive reservoirs. A study based on exploration 3D seis-
mic data. Mar Petr Geol 1998; 15(1):1-9.

Heinio P, Davies, R]. Degradation of compressional fold belts:
deep-water Niger Delta. AAPG Bull 2006; 90:753-70.

Heini6 P, Davies R]. Knickpoint migration in submarine
channels in response to fold growth, western Niger
Delta. Mar Petrol Geol 2007; 24(6-9):434-49.

Huyghe P, Foata M, Deville E, Mascle G. Channel pro-
files through the active thrust front of the southern
Barbados prism. GSA Bull 2004; 32:429-32.

Imran ], Parker G, Katopodes N. A numerical model of chan-
nel inception on submarine fans. ] Geophy Res 1988;
103(C1):1219-38.

Jobe ZR, Sylvester Z, Parker AO, Howes N, Slowey N, Pirmez
C. Rapid adjustment of submarine channel architec-
ture to changes in sediment supply. ] Sediment Res
2015; 85(6):729-53.

Jolly BA, Whittaker AC, Lonergan L. Quantifying the geo-
morphic response of modern submarine channels to
actively growing folds and thrusts, deep-water Niger
Delta. GSA Bull 2017; 129(9-10):1123-39.

Kolla V, Posamentier HW, Wood LJ. Deep-water and fluvial
sinuous channels—characteristics, similarities and
dissimilarities, and modes of formation. Mar Petrol
Geol 2007; 24(6-9):388-405.

Kolla V, Bourges P, Urruty JM, Safa P. Evolution of deep-wa-
ter Tertiary sinuous channels offshore Angola (west
Africa) and implications for reservoir architecture.
AAPG Bull 2001; 85(8):1373-405.

Kvenvolden KA, Barnard LA. Hydrates of natural gas in con-
tinental margins. Studies in continental margin geol-
ogy. Am Assoc Petrol Geolog Memoir 1983; 34:631-41.

Lehner P, De Ruiter PAC. Structural history of Atlantic mar-
gin of Africa. AAPG Bull 1977; 61(7):961-81.

Peakall ], Amos K], Keevil GM, Bradbury PW, Gupta S. Flow
processes and sedimentation in submarine channel
bends. Mar Petrol Geol 2007; 24:470e486.

Pirmez C, Beaubouef RT, Friedmann S], Mohrig DC.
Equilibrium profile and baselevel in submarine
channels: examples from Late Pleistocene systems
and implications for the architecture of deepwater
reservoirs. In: Weimer P (ed.). Global Deep-Water
Reservoirs. Gulf Coast Section SEPM Foundation 20th
Annual Bob F. Perkins Research Conference, pp 782-
805, 2000.

Posamentier HW, Davies R], Cartwright JA, Wood L. Seismic
geomorphology- an overview. Seism Geomorphol
2007; 277(1):1-14.

Posamentier HW, Kolla V. Seismic geomorphology and stra-
tigraphy of depositional elements in deep-water set-
tings. ] Sediment Res 2003; 73:367-88.

Macauley RV, Hubbard SM. Slope channel sedimentary pro-
cesses and stratigraphic stacking, Cretaceous Tres
Pasos Formation slope system, Chilean Patagonia. Mar
Petrol Geol, 2013; 41:146-62.

Mayall M, Jones E, Casey M. Turbidite channel reservoirs-key
elements in facies prediction and effective develop-
ment. Mar Petrol Geol 2006; 23:821-41.

Mayall M, O’Bryne C. Reservoir prediction and development
challenges in turbidite slope channels: offshore tech-
nology conference proceedings, Paper 0TC-14029, 10
p, 2002.

McHargue T, Pyrcz M]J, Sullivan MD, Clark JD, Fildani A,
Romans BW, et al. Architecture of turbidite channel
systems on the continental slope: patterns and predic-
tions. Mar Petrol Geol 2011; 28(3):728-43.

McHargue TR, Webb JE. Internal geometry, seismic facies,
and petroleum potential of canyons and inner fan
channels of the Indus submarine fan. AAPG Bull 1986;
70(2):161-80.

Mitchell WH, Whittaker AC, Mayall M, Lonergan L, Pizzi
M. Quantifying the relationship between structural
deformation and the morphology of submarine chan-
nels on the Niger Delta continental slope. Basin Res
2021; 33(1):186-2009.

Morgan R. Structural controls on the positioning of subma-
rine channels on the lower slopes of the Niger Delta.
Geol Soc Lond Mem 2004; 29(1):45-52.

Morgan R. Structural controls on the positioning of subma-
rine channels on the slopes of the Niger Delta. Geol Soc
Lond Mem 2003; 29:45-51.

Pizzi M, Whittaker AC, Lonergan L, Mayall M, Mitchell WH.
New statistical quantification of the impact of active
deformation on the distribution of submarine chan-
nels. Geology 2021; 49(8):926-30.


http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref21
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref21
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref21
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref22
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref22
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref22
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref22
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref22
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref23
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref23
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref23
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref23
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref23
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref24
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref24
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref24
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref25
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref25
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref25
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref26
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref26
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref26
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref27
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref27
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref27
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref27
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref28
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref28
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref28
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref28
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref29
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref29
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref29
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref29
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref30
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref30
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref30
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref30
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref31
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref32
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref32
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref33
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref33
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref33
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref34
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref34
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref34
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref34
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref34
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref34
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref34
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref34
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref35
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref35
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref35
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref36
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref36
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref36
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref37
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref37
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref37
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref37
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref38
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref38
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref38
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref39
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref39
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref39
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref39
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref40
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref40
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref40
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref40
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref41
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref41
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref41
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref41
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref42
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref42
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref42
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref42
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref42
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref43
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref43
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref43
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref44
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref44
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref44
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref45
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref45
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref45
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref45

L. O. Imagbe et al. / Science Forum (Journal of Pure and Applied Sciences) 22 (2022) 367 — 379 379

Reading HG, Richards M. Turbidite systems in deep-water
basin margins classified by grain size and feeder sys-
tem. AAPG Bull 1994; 78(5):792-822.

Reijers TJA. Stratigraphy and sedimentology of the Niger
Delta. Geologos 2011; 17(3):133-62.

Rodrigo C, Gonzalez-Fernandez A, Vera E. Variability of the
bottom-simulating reflector (BSR) and its associa-
tion with tectonic structures in the Chilean margin
between Arauco Gulf (37 S) and Valdivia (40 S). Mar
Geophy Res 2009; 30(1):1-19.

Saller AH, Noah ]JT, Ruzuar AP, Schneider R. Linked lowstand
delta to basin-floor fan deposition, offshore Indonesia:
an analog for deep-water reservoir systems. AAPG
Bull 2004; 88(1):21-46.

Sylvester Z, Deptuck ME, Prather BE, Pirmez C, O'Byrne C.
Seismic stratigraphy of a shelf-edge delta and linked

submarine channels in the north eastern Gulf of
Mexico. In: Prather BE, Deptuck ME, Mohrig D, Van
Hoorn B, Wynn RB (eds.). Application of the principles
of seismic geomorphology to continental-slope and
base-of-slope systems: case studies from seafloor and
near-seafloor analogues: SEPM, Special Publication,
pp 31-59, 2012.

Syvitski JPM, Schafer CT. Evidence for an earthquake-trig-
gered basin collapse in Saguenay Fjord, Canada.
Sediment Geol 1996; 104(1-4):127-53.

Whiteman A. Nigeria: its petroleum geology, resources and
potential. Graham and Trotman, London, UK, 383
p, 1982.

Wynn R, Cronin B, Peakall J. Sinuous deep-water channels:
genesis, geometry and architecture. Mar Petrol Geol
2007; 24:341-87.


http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref46
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref46
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref47
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref47
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref47
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref47
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref47
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref48
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref48
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref48
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref48
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref49
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref50
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref50
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref50
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref51
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref51
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref51
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref52
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref52
http://refhub.elsevier.com/S1464-343X%252815%252930033-9/sref52

