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Abstract
Three dimensional (3D) datasets were analysed from the southern offshore Niger Delta, Gulf of
Guinea for the purpose of characterizing multiple reflections in the seismograms. The data were
processed using a customized sequence. The multiples attributes of frequency, wavelength,
periodicity, and predictability are established. The shallow marine dataset at water-depth of 250m
had predominantly interbed multiples whereas the deep water dataset at 2300m was heavily masked
by water bottom multiples generated from the surface and interbed multiples arising from the
canyons. For shallow marine data, the dominant frequency of the primary events varies between 3
and 80Hz, while those of the multiples vary between 10 and 90Hz. The dominant amplitude of the
primaries ranges between -20dB and 47dB, while those of multiples ranges between -12dB and 45dB. For deep marine data, the dominant frequency of both primary multiples varies between 0 and
165Hz. The dominant amplitude of the primaries ranges between -45dB and -38dB, while those of
multiples ranges between -53dB and -19dB. This work is relevant because when multiples are to be
attenuated from a seismic section; these parameters would be required as inputs in the attenuation
process which would result in a better image of the subsurface geology, thereby reducing the risk of
drilling dry oil wells. Characteristics of multiples are environment-dependent. Water depth and
geology are major factors in the type of multiple energy in a marine environment. A steeply dipping
sea floor with canyons is characterised by heavy multiples, whereas a gentle structure with shallow
water depth does not exhibit big multiples. The multiple parameters established in this work would
be required as inputs in the multiples-attenuation processing program. This work confirms the
claims of several workers on the existence of canyons in the Gulf of Guinea. They reported that the
canyon has a water depth of 2800m which is close to the observed depth of 2300m.
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Introduction
The general principle of seismic reflection method is to send elastic waves generated by using an
energy source such as dynamite explosion on land or airguns in rivers into the Earth, where each
layer within the Earth reflects a portion of the wave’s energy back and allows the rest to refract
through. These reflected energy waves are recorded by a seismograph, an instrument that measures
and records the seismic waves that move through the earth as the result of the explosion. On land, the
receiver used is a small, portable instrument known as a geophone, which converts ground motion
into an electrical signal. In water, hydrophones are used, which convert pressure changes into
electrical signals. Each receiver’s response to a single explosion is recorded onto a magnetic tape,
which displays a seismogram, a graph output from the seismograph.
Primary reflection is an event on the seismic record which has a single reflection between the source,
the reflector and the receiver, and this is the needed signal. In addition to the primary reflections off
interfaces within the subsurface, there are a number of other seismic events detected by receivers and
are unwanted noise multiple reflections. Multiple is an event on the seismic record that has incurred
more than one reflection. Multiples can be either short-path (peg-leg) or long-path, depending upon
whether they interfere with primary reflections or not. Multiples are normally observed from the
bottom of a body of water (the interface of the base of water and the rock or sediment beneath it) and
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and the air-water interface is common in marine seismic data. They constitute noise and have to be
attenuated from the primary signals.
These multiple reflection events constitute noise having obscuring effect in the interpretation of
target reflections in the seismic section, and need to be removed from the seismic data in order to
avoid confusion in the interpretation of the seismic images at a later stage. 1 Multiples are
environment-dependent. This Paper seeks to compare and contrast the characteristics of multiples in
shallow and deep marine environments of Gulf of Guinea using 3D seismic data.
Geological Setting of Gulf of Guinea
The Gulf of Guinea consists of the coastal and offshore areas of Cote d’lvoire, Ghana, Togo, and
Benin, and the western part of the coast of Nigeria, from the Liberian border east to the west edge of
the Niger Delta. The province includes the Ivory Coast, Tano, Central, Saltpond, Keta, and Benin
basins and the Dahomey Embayment. The Gulf of Guinea formed at the culmination of Late Jurassic
to Early Cretaceous tectonism that was characterized by both block and transform faulting
superimposed across an extensive Paleozoic basin breakup of the African, North American, and
South American paleocontinents.2

Fig. 1: Gulf of Guinea Golden Rectangle oil, gas Fields Sandstone depositional fairways3
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Fig. 2: Sandstone depositional fairways3
During Early Eocene and subsequent regressive phases, a series of westerly-oriented, growth faultbound compartments formed. These compartments underwent basin ward gravity gliding along
overpressure basal shear zones in deepwater Akata shales deposited as bottom-set beds to the
Agbada formation . In the northerly updip areas, shallow water delta-front sandstone deposition
predominated along extensional deltaic growth faults that formed near the active shelf margin in each
compartment. In middip areas, slope shale and channel sand deposition predominated in the middle
portion of each compartment while it translated basinward along its overpressured basal detachment
surface. Middip deposition was significantly influenced by local shale diapirism. Along the
southernly downdip end of each seaward-sliding compartment, the basal detachment zone ramped
startigraphically upward, forming an imbricate series of compressional toe-thrust anticlines in
megathrust sheets that developed beneath the lower continental slope and rise. The middle and other
zones of these compartments were separated by major up-to-the-basin normal faults that formed at
the backside of the toe-thrust complex as shale withdrawal occurred in this area. The overall
structural configuration of the toe-thrust anticlineal sequence was that of a triangular shaped prism
comprised of duplexed, toe-thrusted anticlines.4
The Neogene submarine canyons that incised these lower slope deformed zones became coarsegrained clastic conduits for large aggradational channel-levee systems that formed at the base of the
slope. The Edop-Zafiro Canyon, the largest of these submarine canyons, formed in the transfer zone
between mega toe-thrust sheets. This submarine canyon became the main coarse-grained conduit for
fan systems that formed down dip on the Mio-Pliocene continental rise at Turquesa-1 and farther
seaward on the abyssal plain north of Sao Tome and Principe.4
Following a major late Paleocene marine transgression, an episode regression started during the late
Paleocene or early Eocene. During this time, the Niger Delta began its long progradational march to
the south. Although broken by lengthy transgressive phases, this overall sedimentary regression has
continued in an oscillatory manner from the Late Paleocene to the Recent. In Nigeria, the bottom-set
shale beds to this diachronous deltaic progression are called Akata formation, and the associated
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marginal marine forest beds, and continental topset of these individual deltaic units are called
Agbada and Benin formations respectively.5
Theoretical background

Multiples are events that have undergone more than one reflection. There are many types of
multiples, Fig.1. Water-bottom pegleg is a reflection that bounces between two layers either on its
way down or on its way up. The inter-bed is a multiple that does its bouncing between two rock
beds. Water-bottom multiples propagate up and down in the water layer without ever travelling
below the water bottom. Water layer reverberations are events that have reflected below the water
bottom once, and have one or more multiple reflections in the water layer.

Fig. 1: Schematic diagram showing primary reflection, water-bottom multiple, water-bottom pegleg multiple, doublebounced multiple, and inter-bed multiples.

Fig. 2 shows a stacked section from seismic marine line. As the water bottom is reasonably flat, the
water layer multiples are recognized as horizontal events that cross the reflections of the geologic
structures below the water bottom. They are indicated in Fig. 2 by the orange arrows. The water layer
reverberations can be recognized as ghosts with almost constant time period following each
reflection. Some of them are indicated with the red arrows in Fig. 2. A few primary reflections below
the water bottom are quite strong and therefore the surface-related multiples of these primaries can
be recognised in Fig. 2. They are indicated by the blue arrows. As these primaries have a certain dip,
the multiples can be recognized by their roughly doubled dip. Finally, we can identify' an internal
multiple at the right hand side of the stack between the water bottom and the strong reflection around
CMP 3000 just below the water bottom, indicted by the yellow arrow in Fig. 2.
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Long-period multiples (one whose travel path is long compared with primary reflection from the same deep
interface; it appears as separate event) are those multiples for which the multiple event can be
decomposed into primary ray paths, which all have two-way travel times that can be observed as
different arrivals in the seismic data.6 Long-period multiples can be recognized in the seismic data as
separate events. On the other hand, short-period multiples (one which arrives so soon after the primary
reflection from the same deep interface; it adds tail to primary reflection and changes wave shape of primary
reflection) are those multiples that cannot be observed as separate events from the primaries that

generate them. They are related to thin layers, and have a more statistical effect. In a situation with
thin layers, all the internal multiples together with the original primary event result in one effective
reflection event, where the observed wavelet is different from the original wavelet.7
Here are some characteristics of a multiple. Some multiples are repeated with regular intervals and
have amplitudes that are decreasing or increasing in a regular manner. This can be observed in Fig. 2
at the orange arrows: the water bottom multiples appear as almost horizontal events in a regular
sequence with amplitudes that decay with each order of multiple.

Fig. 2: Multiples identified on a stacked section from a field dataset from the offshore. The orange
arrows indicate water layermultiples, the red arrows water layer reverberations and the blue arrows
indicate surface-related multiples that are not related to the water layer. The yellow arrow indicates a
possible internal multiple.8
Another characteristic of a multiple is that it has an increasing dips for higher-order multiples,
conflicting dips with primaries.9 Each multiple bounce gives an imprint of the reflecting structure
that is involved in this extra bounce. If this reflector has a certain dip, this dip will be added to the
dip of the primary path of the first bounce. Thus, in a section where the primary reflections are
already dipping, multiples can be recognized by an increase of these dips. The higher the order of the
multiple, the more this structural imprint will increase. Furthermore, these multiples may show
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conflicting dips with the primary reflections from deeper interfaces where they interfere with. This is
visible in Fig. 3, which represents a stacked section from a deep water area offshore. The surfacerelated multiples - which are relatively horizontally oriented - interfere with primaries from deeper
structures, which have an overall time dip. The conflict in dips clearly demonstrates the presence of
multiples, as can be observed at the red arrows. Internal multiples at the orange arrows in Fig. 3 have
a horizontally-oriented behaviour; which conflicts with the locally dipping primary structures.

Fig. 3: Multiples often characterize themselves by conflicting dips with the primaries. Shallow
boundaries that generates the multiples have a different orientation and shape compared to the deeper
prinaries. The red arrows point at surface-related multiples and the orange arrows indicate internal
multiples.10
Multiples also have focusing and defocusing effects due to (small) structural effects in multiple
generating layers.11 Small variations in the multiple generating reflectors, like a local anticlinal or
synclinal structure will have an effect on the reflection event in terms of travel time and amplitude.
This effect will be amplified with each higher order of multiple related to this reflector. Multiple’s
energy from the syncline seems to be trapped and amplified around the bottom of this structure. An
opposed effect can be observed near the anticlinal structure: multiple reflections decrease in
amplitude compared to the locations outside the anticlinal structure.12 showed similar examples for
multiples from several 2D structures, where this focusing and defocusing effect is clearly visible.
Also lateral amplitude variations of the multiple-generating reflectors can be magnified with each
order of multiple.13 In practice, structural and amplitude effects of the multiple-generating reflectors
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on the seismic wave field are combined and can generate vertical bands of high and low energy
along the seismic section. In Fig. 4, which displays a stack from a land dataset, these vertical bands
of high energy' can be observed in the area around CMP 2200 and 2550.

Fig. 4: Stacked section from a land dataset demonstrate that multiples can easily be misinterpreted as
primary structures: the anticlinal features indicated by the arrows are caused by surface-related
multiples.14
Materials and Methods
Data from two lines - one from Inline and other from Crossline from shallow and deep marines
offshore Gulf of Guinea - are used to compare characteristics of multiples. Dataset-1 is from shallow
water depth of 250meters while Dataset-2 has water depth of 2300meters. Dataset-1 was acquired in
six seconds, 2ms sample rate, 45 folds, source depth of 5m, source power of 2000psi, shot point
interval of 25m. Dataset-2 was acquired in 8s, 2ms sample rate, 60 folds, source depth of 5m, source
power of 2000psi, and shot point interval of 25m. The data were processed using the customized
sequence outlined in Fig. 5 shown in the blue colour coded processes as they relate predominantly to
multiple processing.15

Fig. 5: Typical data processing workflow
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Results and Discussions
Raw shots displays for Datasets- 1 and 2 are represented in Figs. 6 and 7. Many types of multiples
can interfere with each other. All the individual types of multiples cannot be recognized anymore as
seen in Figs. 8 and 9, but they create complex interference patterns. Strong repetitive sequences can
be seen, that vary in the lateral direction. This effect is a clear indicator for the presence of multiple
reflections. The amplitudes of primaries and multiples are significantly different as shown in Figs. 10
to 13.
___________________________

Fig. 6: Raw Shots for Dataset-1

Fig. 8: Raw Stack for offshore shallow dataset-1
for Inline masked by noise and multiples.

Fig. 7: Raw Shots for dataset-2

Fig. 9: Raw data for dataset-2 from deep offshore Inline.
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Fig. 10: Pre-demultiple amplitude for dataset-1

Fig. 12: Pre-demultiple spectral analysis for dataset-2

Fig. 11: Overlay of amplitude spectrum for primaries
and multiples post demultiple for dataset-1

Fig. 13: Overlay of amplitude spectrum for primaries
and multiples post demultiple for dataset-2

From analysis, the following are observed for the two datasets:
For the shallow marine data, multiples have predominantly short periods with some water bottom
reverberation, high frequency resulting from short travel times, high amplitude resulting from short
travel times. For the deep marine data, the multiples have intermediate to long periods with low
frequency resulting from long travel times, and low amplitude resulting from long travel times.
With the short period and high frequency content, multiples from the shallow marine are quite close
to the primaries and will require a lot of care in the attenuation process, while those from deep
marine data are more visible to the eyes and easier to attenuate. Spectral analysis of amplitude versus
frequency for the two datasets show that the multiple energies are of higher amplitude than the
primaries. This would be a major characteristic which would be used for its discrimination and
attenuation.
Techniques that suppress multiples can be classified into two broad categories 16: (1) One is to
exploit a feature or property that differentiates primary from multiple (such as periodicity and
move-out difference), and (2) the other is to predict and then subtract multiples from seismic
16 Huang, X. W., Wu, L. and Niu, B. H. (2003). Reconstruction of seismic traces by parabolic radon
transform. Journal of China University of mining & Technology, 32 (5), 534 – 539.
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data. The former includes filtering methods, such as predictive deconvolution, NMO stacking, f-k
filter, -p filter, parabolic Radon approach and beam-forming filtering17, and the latter is generally
based on wave-theoretical concepts, to predict from either modelling or inversion of the recorded
seismic wave-field, and then match and subtract multiples from seismic data, typically including
wave-equation extrapolation18, feedback loop method19 and inverse-scattering method20. The
application of the so-called surface-related multiple elimination has become quite successful for
several datasets.
Conclusion
The following conclusions are drawn from the studies. Multiples present differently in marine
environments. Water depth and geology are major factors in the type of multiple energy in a marine
environment. A steeply dipping sea floor with canyons is characterised by heavy multiples as seen in
dataset-2, whereas gentle structure of dataset-1 with low water depth does not exhibit big multiples.
Multiples present with high amplitudes and lower velocities. The shallow marine dataset-1 at depth
of 250m has predominantly interbed multiples whereas the deep water dataset-2 at 2300m is heavily
masked by water bottom multiples generated from the surface and interbed multiples arising from the
canyons. The major differences that would be exploited for the multiples removal are their attributes
velocity, frequency, wavelength, periodicity, and predictability.
For shallow marine data, the dominant frequency of the primary events varies between 3 and 80Hz,
while those of the multiples vary between 10 and 90Hz. The dominant amplitude of the primaries
ranges between -20dB and 47dB, while those of multiples ranges between -12dB and -45dB. For
deep marine data, the dominant frequency of both primary multiples vary between 0 and 165Hz. The
dominant amplitude of the primaries ranges between -45dB and -38dB, while those of multiples
ranges between -53dB and -19dB. This work is relevant because when multiples are to be attenuated
from a seismic section; these parameters would be required as inputs in the attenuation process
which would result in a better image of the subsurface geology, thereby reducing the risk of drilling
dry oil wells.
This work confirms the claims of several workers on the existence of canyons in the Gulf of
Guinea21. They reported that the canyon has a water depth of 2800m which is close to the observed
depth of 2300m.
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