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Summary 

Basalt traps mostly have complex three-dimensional top 

topography. This is a reason of ineffective multiple 

attenuation in 2D seismic with only two-stage methods 

consisting in multiple wavefield prediction followed by its 

adaptive subtraction from the input data. The combination 

of the prediction/subtraction approach with kinematic 

filtering is recommended for optimal de-multiple 

processing for 2D seismic lines in areas with basalt traps. 

We study the problem and describe the application of the 

approach to the real dataset from Western Offshore India. 

Introduction 

The presence of basalt traps considerably complicates 

marine seismic data processing and hampers velocity 

model building and seismic imaging.  

This can be explained with the three key factors. Firstly, 

trap layers are inhomogeneous; hence, high frequencies are 

attenuated rapidly when traveling through them 

[Ziolkowski, 2003]. Secondly, such layers form 

acoustically contrast horizons, and the energy of waves 

passing under them is small. Most energy is reflected from 

the top of trap layers. Finally, the top of the layer is a 

strong multiple generating horizon, and the multiples 

related to it, along with multiples related to the sea floor are 

much stronger than the primary reflections from deeper 

horizons. The first two factors weaken the energy and 

narrow the frequency bandwidth of primaries reflected 

from deeper horizons. The third factor, on the contrary, 

strengthens the energy of the noise we have to to eliminate.  

One more important factor is faced while processing the 2D 

data in such geological settings: An essentially three-

dimensional structure of the trap top. Here we use a real 

data example from the Indian Ocean to describe how a 

complex structure of the trap top complicates multiple 

attenuation and justify the choice of a processing sequence 

to successfully attenuate such multiples in complex seismic 

and geological conditions. 

Geology of the studied area 

In the studied area, a sedimentary cover overlays the 

Precambrian folded basement. The cover contains two 

complexes: The lower, which is a volcanic-sedimentary 

one, and the upper formed by the Cenozoic sediments. The 

volcanic-sedimentary complex has a complicated structure: 

It can be divided into four strata, each of which is 

characterized by the manifestation of its phase of trap 

magmatism. All the strata of the volcanic-sedimentary 

complex are characterized by a complex structure of the top 

and significant thickness variations. The lower stratum 

eliminates the block structure of the Precambrian basement, 

so its thickness is maximal over the lowered foundation 

blocks. The rest of the layers sequentially pinch out into the 

Eastern part of the studied area. The described complex is 

of particular interest, since the clastic sediments embedded 

in its medium part (Cenomanian-Turonian and cognac-

Maastricht) are potentially oil and gas bearing. 

The seismic line in study is located across the direction of 

the sedimentary cover and is W-E oriented. Figure 1 shows 

a common offset section before multiple attenuation and 

two common shot (CS) gathers from different parts of the 

line. It can be seen that multiple reflections on the CS 

gathers are much stronger than primaries, especially on the 

right-hand side of the line. This can be explained by the 

fact that the sea floor and the trap top are acoustically 

contrast horizons. Most of the energy of the incident wave 

is reflected, as the energy amplitude of the transmitted 

waves is small. In this situation, the multiples are very 

intensive and should be removed from the data. Otherwise, 

due to such strong coherent noise events, it is impossible to 

pick and interpret the primaries. 

(a) 

(b) (c) 

Fig. 1. Common offset section 170 m (a) and portions of two CS 

gathers (b, c) from the left and right parts of the line respectively.  

As it follows from Fig. 1, the left-hand side of the line 

starting from the time 4.5 sec is an interference of multiples 

and target primary reflections from the trap complex. 

Multiple reflections from the top of the basalt layer arrive 

at a considerable time starting from 8 sec. In the right-hand 

side of the line, the trap top rises up to the sea floor, and the 

bottom of the structure becomes more complex. This leads 

to the fact that a multiple event from the trap top is 

recorded earlier than in the left-hand part of the line – 

starting from 6 seconds. As it can be seen from Fig. 1, the 

traveltimes of the multiples on the right-hand side of the 

line are more complex than on the left-hand side. This 

means that a comparative study of several demultiple 

techniques is necessary on the left- and the right-hand sides 

of the line. 
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Multiple attenuation with SRME 
 

Multiple waves recorded during seismic data acquisition 

can be classified into different types according to their ray 

paths. In particular, in the example considered here, 

recorded are pure multiples from the water layer, peg-legs 

that reverberate in the water layer, and other types of peg-

legs and internal multiples [Denisov Finikov, 2007]. 

Ideally, different demultiple methods should be used in 

different settings [Lokshtanov et al, 2007]. 

Efficient methods to suppress the water-layer peg-legs and 

pure multiple  reflections are known [Wiggins 1988]. In 

marine seismic data most of the energy of multiple waves is 

of this type. In the data considered here, the strongest 

reflectors lie below the seabed and, hence, they produce 

strong multiple waves. Therefore, we have chosen a 

different method for multiple attenuation - SRME (Surface 

Related Multiple Elimination – attenuation of multiples 

reflected downward from the free surface) [Berkhout, 

Verschuur 1997]. It is a powerful two-step tool for multiple 

attenuation, able to remove the multiples with ray paths 

containing a downward reflection from the free surface. In 

the first step, we obtain a model of multiple waves. In the 

second step, the model is adaptively a subtracted from the 

data. A model of multiples for each trace is obtained by 

spatial convolution of CS and common receiver (CR) 

gathers. Several iterations of SRME are useful in areas with 

a shallow bottom, where there interference of first order 

and higher order multiples with primaries occur. In our 

example we use only one iteration SRME, since the sea 

depth is significant and the primaries interfere mostly with 

the first order of multiples. 

Fig. 2 shows the results of application of SRME to pre-

stack data from the left-hand side of the profile, where the 

basalts layer lies deep enough, and the multiples related to 

its top have large arrival times. It can be seen that the 

energy of multiples is almost completely suppressed at 

small offsets and substantially attenuated at large offsets. 

 

 
Fig. 2. Close view of a CMP gather from the left-hand side of the 

line: (a) before SRME; (b) after SRME 

 

In the right-hand side of the line, which has a more 

complicated structure, the situation is different. Fig. 3 a 

shows a segment of CMP that contains the primary 

reflection from the sea floor. NMO correction has been 

applied with a constant velocity V = 1500 m / s. These 

gathers show good lineament of the sea floor reflection, 

therefore its traveltime curve is expected to be 

approximately hyperbolic. Fig. 3 b shows a segment of 

CMP gathers in the interval with multiples after NMO 

correction (a constant velocity law V = 1500 m / s). It is 

obvious that the traveltimes of the first order sea-floor 

multiple reflection cannot be approximated with a 

hyperbola within this interval of the line. This can be 

explained by three-dimensional irregularities violating the 

assumption of cylindrical symmetry of the Earth in right-

hand side of the line. 
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Fig. 3. NMO corrected CMP gathers from the right-hand side of 

the line (in the region where the top of the basalt layer is close to 

the surface): a) segments of CMP gathers containing the water 
bottom reflection; b) segments of CMP gathers containing the first 

order multiple reflection from the sea floor. 

 

A simple model with a flat dipping “sea bottom” having a 

slope   in the plane perpendicular to the profile allows to 

illustrate the effects faced while trying to work in 3D Earth 

with methods based on the assumption of the cylindrical 

symmetry, such as 2D SRME. Fig. 4 shows a path of a 

primary (A-F-A) and the first order multiple (A-D-B-D-A). 

The vertical dotted line indicates the plane of the profile 

intersection. The conclusions we make are as follows. 

Firstly, the reflection point of a multiple wave has cross-

line offset twice that of a primary wave. Hence, the “3D 

effects” will manifest for multiples much stronger than for 

primaries. For a small angle , the primary reflection can 

be processed with the conventional methods, successfully 

ignoring its non-hyperbolicity, while the multiple 

reflections are to be considered as side events and be 

attenuated with special methods. Secondly, in such case we 

have not enough data to apply SRME in its conventional 

implementation to obtain a good model of multiples. It is 

necessary to have information about the ray path of the 

primary on A-D-B, and this is possible only in the case of 

3D observations. Applying SRME in its standard 2D 

realization will lead to an inaccurate model of multiples. 

 

 
Fig. 4. The out-of-plane ray path in 3D Earth.  

 

Fig. 5 shows the result of multiple attenuation with SRME 

on a gather from the right-hand side of the profile. Here, 

multiple suppression is not as efficient as in the left-hand 

side for both small and large offsets. The reason, as 

suggested above, is a complex structure of the sea floor and 

the top of the basalt layer at this part of the profile. 

Multiples recorded here have a reflection point outside the 

plane of the line, so we cannot use the primary wave for 

their prediction. The predicted multiples become so 

inaccurate that even the adaptive subtraction tools are 

incapable to reduce the energy of multiples substantially. 

Note that in the left-hand part of the section (Fig. 2), where 

a 2D model can approximate the medium, the multiples 

have been successfully predicted and removed with SRME. 

 

Multiple attenuation with kinematic filtering 

 

For better multiple attenuation on the right-hand side of the 

line, SRME should be applied in combination with other 

demultiple methods. Further attenuation of the multiple 

energy might be achieved by means of kinematic filtering. 

The acoustic wave velocity in the Earth increases with 

depth due to the increase of compaction. This means that 

the average velocity of primary waves arriving from deeper 

reflectors is larger than that of multiples travelling only in 

the upper part of the Earth. As a result, the moveout curves 

of multiples are characterized by larger curvature. Hence, 

the primaries might be separated from multiples based on 

moveout discrimination.  

The linear Radon transform allows separation of the "slow" 

multiples from the "high-speed" primaries in the transform 

domain. This method well attenuates multiple waves at 

large offsets, where the traveltime curves come to their 

asymptotes. 
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Fig. 5. Close view of a CMP gather from the right-hand side of the 
line: a) before SRME; b) after SRME.  

 

An alternative method of multiple attenuation is the so-

called parabolic Radon transform. This method needs an 

estimate of stacking velocities and is based on their 

discrimination. Before parabolic Radon transform 

application, the data must be NMO corrected with a slightly 

lowered velocity to obtain over-lineament of primaries and 

under-lineament of multiples. After this, the parabolic 

Radon transform is applied. In the transform domain, the 

multiples will fall into the positive slowness region, as the 

primaries will lie in the negative slowness region. Before 

the inverse parabolic Radon transform, all the energy at the 

negative values of slowness is to be muted. Finally, the 

inverse NMO correction is applied to the data. Such 

approach to multiple suppression works well for middle 

and large offsets.  

Since the linear Radon transform is a more powerful tool 

for attenuation of multiples at large offsets than the 

parabolic Radon transform, as the parabolic transform 

provides better attenuation in the middle offset range, they 

were used in combination. Figure 6 provides an example of 

multiple attenuation with Radon transforms. It can be seen 

that application of the Radon transform leads to 

suppression of multiples in the areas of significant moveout 

differentiation between the primary and multiple events. In 

this case, the kinematic pass fan was significantly 

broadened. This is explained by two reasons. Firstly, after 

filtering with a wide pass fan we have an opportunity to 

refine the velocity model, which will later be used for 

migration. Secondly, the use of a narrow pass fan can 

suppress reflections from basalts due to the complex shape 

of their moveouts. Therefore, it is necessary to apply the 

final suppression of multiple energy on migrated gathers. 

 

 
Fig. 6. CMP gather: a) before multiple attenuation in the Radon 

transform domain; b) after multiple attenuation in the Radon 
transform domain. 

 

Multiple attenuation with kinematic filtering after pre-

stack migration 
 

To improve the quality of a seismic image in complex 

seismological conditions in the sub-basalt area, it is useful 

to repeat multiple attenuation in the Radon transform 

applied to the common reflection point gathers after 
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migration. Figure 7 shows a migrated gather. Multiples 

retained during the previously applied demultiple methods 

are seen in the near offset region. The weak point of the 

Radon transform is its low resolution for separation of 

waves with small differential moveout, so we used a high-

resolution version of the discrete Radon transform [Beylkin 

1987]. This allows cleaning the gathers from residing 

multiples at near offsets. The result is given in Figure 7b. 

 

 
Fig. 7. Common reflection point gather: a) before multiple 

attenuation in the Radon transform domain; b) after multiple 
attenuation in the Radon transform domain.  

 

Note the importance of applying the fan filter twice. Fan 

filtering before migration eliminates the alias noise from 

multiples on migrated gathers, although it does not 

completely suppress the multiples. Post-migration fan 

filtering allows to suppress the multiples residing from 

application of the previous multiple elimination methods.  

 

Results 
 

The methodology presented here can successfully suppress 

multiples in the seismic data acquired in areas containing 

basalt traps. The result of its application to real data is 

shown in Figure 8. Figure 8(a) shows a CMP stack without 

multiple attenuation. Figure 8(b) shows a section 

(converted to time scale) after demultiple and pre-stack 

depth migration. After suppression of multiples, primary 

reflections from the basement structures are clearly seen.  

 

 
Fig. 8. The right-hand side of the line: a) initial stack; b) stack (in 
time scale) after demultiple and pre-stack depth migration.  

 

Conclusions 
 

In the case of seismic data acquisition in the areas 

containing basalt traps, characterized by a complex 

structure of their top, multiple attenuation is a great 

challenge. SRME cannot produce a reliable model of 

multiples related to the top of basalts. This leads to 

insufficient attenuation of noise within the entire range of 

offsets. In this situation, further suppression of multiples at 

large offsets can be done by means of kinematic filtering, 

such as muting in the linear or parabolic Radon transform 

domain. We made a detailed explanation of the problem 

and demonstrated the effectiveness of the approach to the 

real dataset from the Western Offshore India.  
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