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Summary 

A 504 km-long 2D broadband seismic survey was acquired 
in the Bay of Bengal using a large volume source and an 11 
km streamer. The data were processed with a workflow that 
incorporated advanced imaging technology including 

receiver deghosting and pre-stack depth migration. The 
initial interpretation of the data provided evidence for better 
understanding of the geology and the exploration potential 
for the region. 

Introduction 

In this paper we present a case review of a variable-depth 
streamer seismic survey acquired in international waters 
off the Bay of Bengal. The non-exclusive 2D marine 
seismic survey comprised a single line of 504 km, 

approximately 656 km from Chennai, India (Figure 1).  

Figure 1. Google Earth image of the Bay of Bengal with 
line location indicated. The Bengal Fan extends from 
Bangladesh waters to south of Sri Lanka. 

The purpose of the survey was to determine the nature of 
the sedimentary infill in the Bengal Fan, situated in the 
central part of the Bay of Bengal, and the crust underlying 
the sedimentary section.  

In the first part of this paper, we briefly introduce the 
geological setting and objectives of the seismic survey, and 
describe how a variable-depth streamer solution could be 
beneficial for achieving the objectives. Then we detail the 
acquisition and processing, in particular the technical 
challenges. Finally we analyze and interpret the result for 

improved understanding of the geology and exploration 
potential. 

Geological setting 

The dataset was acquired in the Bengal Fan, the deepwater 
component of the Bengal Depositional System, one of the 
greatest sediment accumulations in the world. 

The Bengal Depositional System (Curray, 2014) comprises 
the modern depositional environments and underlying 

sediment accumulations of (a) alluvial, lacustrine and 
paludal sediments of the lower Ganges and Brahmaputra 
Rivers, (b) the Bengal Delta, (c) the Bangladesh continental 
shelf and slope, and (d) the Bengal Fan.  

The Bengal Fan, the largest submarine fan in the world, has 
a length of about 3000 km, a width of about 1000 km and a 
maximum thickness of 16.5 km. It was formed as a result 
of the India–Asia collision and uplift of the Himalayas and 
the Tibetan Plateau. The primary sediment source is the 
confluent Ganges and Brahmaputra rivers, with smaller 
contributions of sediment from several other large rivers in 

Bangladesh and India. The main Bengal depocentres are 
bounded by the 85°E and 90°E Ridges (Rangin et al., 2013). 

The sedimentary section of the fan is subdivided into three 
broad successions by seismic stratigraphy. The successions 
are separated by unconformities tentatively dated as late 
Miocene and early Eocene by long correlations from DSDP 
Leg 22 and ODP Legs 116 and 121 (Curray et al., 2003).  

The basement beneath the Bengal Fan comprises both 
continental and oceanic crust. Three episodes of rifting 

have been recognized: (a) Santonian NW-SE rifting, (b) 
Late Cretaceous to middle Eocene N-S spreading, and (c) 
Late Eocene to Present NE-SW spreading from the South 
Indian Ridge (Rangin et al., 2013). 
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The data was acquired and processed in order to image the 
sedimentary infill, to determine the nature of the underlying 
crust and to gain an initial understand of the petroleum 
prospectivity of the middle part of the Bengal Fan.  
 

Acquisition 

 
One 2D sail line with length 504.15 km was acquired in 
April 2014 in water depths ranging from 2900 to 3400 m. 
The survey was acquired with a very long streamer length 
of 11,250 m with group spacing 12.5 m. It was anticipated 
that the long offsets would benefit velocity model building 
in the deep section. The shot interval was 37.5 m. The 
configuration yielded a nominal fold of 150 that improves 
the stack S/N ratio.  A large airgun source with volume 
6310 cu.in was used to ensure good low-frequency 
penetration.  
 

The streamer was towed in a variable-depth configuration 
with receiver depths varying from 8 m at the streamer head 
to 50 m towards the tail of the streamer. Figure 2 shows the 
streamer’s variable-depth profile. The variable-depth 
configuration was part of a broadband acquisition 
technology and is elaborated further below. 
 

 

Figure 2:  Variable-depth streamer depth profile 

(exaggerated vertically). 
 
In conventional acquisition, one bandwidth limitation is 
due to the receiver ghost cancelling signal at certain 
frequencies, both at the high- and low-end. The 
cancellation of energy at some frequencies results in 
notches in the amplitude spectrum. Variable-depth streamer 
acquisition overcomes this limitation by towing a cable at a 
variable-depth profile, thus generating notches at different 

frequencies (i.e., ghost notch diversity). A deghosting 
algorithm that takes advantage of the notch diversity is 
used to remove the receiver ghost; as a result, it broadens 
the usable bandwidth significantly. As much of the cable is 
towed deeper, it also records low frequencies better. The 
overall result is a high-resolution image in the upper 
section to benefit interpreting details of geological features, 
and good low-frequency signals in the deeper section 
revealing structures that would be hidden by noise in 
conventional data. 
 
 

 
 
 

Processing 
 
The variable-depth streamer data were processed with a 
pre-migration deghosting workflow.  Following are the key 
steps of processing: 
 

 Early signal processing: debubble and source 

designature.  

 Denoise: swell and linear noise attenuation. 

 Receiver deghosting: Frequency-P (Slowness) bootstrap 

technology (Wang et al., 2013) was used to remove the 

receiver ghost on shot gathers (Figure 3). 

 Demultiple: comprehensive demultiple flows were 

tested. 2D SRME, Radon demultiple and frequency-

dependent and time-variant amplitude based demultiples 

were used. 

 Velocity analysis 

 Migration 

 Post-migration processing.  

A tomography driven velocity update was applied above 
the basement. Horizons were picked to help the 
tomography update. Stack sweeping and semblance picking 
were used to update the velocity beneath the basement. 
 

Result and discussion 
 
The broadband acquisition and processing produced 
excellent image quality.  High resolution was achieved in 
the upper section with detailed structures clearly imaged. 

With rich low-frequency content, the boundaries between 
major units were clearly defined. The stratigraphic layering 
was easily observed. The image had a broad bandwidth up 
to 180 Hz with 20 dB down (Figure 4).  
 
Good penetration with high-quality low frequency 
improved the imaging in the deeper section (Figure 5). The 
new seismic data complemented that of Rangin et al. (2013) 
and revealed a rifted basement overlain by a thin late 
Cretaceous (probably Maastrichtian) synrift sedimentary 
section which shows slower velocity than the sediment 
above it (Figure 6). The Moho appears as a prominent 

reflector about 2 second below the base of the sedimentary 
section. The uniform and relatively shallow depth suggests 
that the crust is probably oceanic in this area (Figure 5). 
 
The 85E Ridge (Figure 6) was imaged on the section where 
it displayed a positive topographic expression and was the 
site of a gravity low. A recent study of the ridge (Rao and 
Radhakrishna, 2014) using seismically constrained gravity 
and magnetic models concluded that the ridge is composed 
of volcanic material that was emplaced on the continental 
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crust in the shelf-slope areas and over the oceanic crust in 
the deep offshore areas. 
 
A strong seismic reflector marks the Cretaceous-Tertiary 
(K-T) boundary, in turn overlain by over five kilometers of 
Cenozoic deep-sea deposits (Figures 5, 6). Prominent 

channels are displayed, particularly in the upper half of the 
section. We interpret this as reflecting increased clastic 
input into the system following the uplift of the Himalayas 
that commenced around 24 Ma. The broadband data show 
some details of the sedimentary canyon fill (note the 
channel features in the upper part of Figure 4). 
 
Minor faulting is present in the section (Figures 4, 5), 
sometimes reaching the seabed: these faults could act as 
migration pathways for hydrocarbons generated in the 
lower, mature part of the sedimentary section. If the crust is 
oceanic, it is likely that the top of the oil window occurs in 

the lower Tertiary section, above the K-T boundary: the 
late Cretaceous synrift section is therefore likely to be in 
either the oil or gas generation window. 
  

Conclusion 
 
We have presented a case review of a 2D broadband 
seismic survey acquired in the Bay of Bengal. With the 
broad bandwidth, detailed structures, such as channels, and 
stratigraphic layering were well imaged. Good penetration 
with high-quality low frequency improved the deeper 

image, especially the Moho beneath the basement which 
helps to determinate the crust type. Further analysis of the 
data will provide more insight into the geology and the 
exploration potential for the region. 3D acquisition and 
processing will further improve the image and structures. 
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Figure 3. Frequency-P (Slowness) bootstrap removes ghost energy from the data. Upper section is the shot and FX plot before 
receiver deghosting, and the lower one is the shot and FX plot after receiver deghosting. 

 
 
 

Conventional 
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Figure 4. Seismic and dB spectrum of the upper section (4-6 second).  The section exhibits detailed structures and clear layering, 

thanks to the broad bandwidth. 
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Figure 5. PSDM stack in the time domain. Prominent Moho reflector is visible at around 10 seconds. Note also the thin synrift 
section developed on the extended crust. 
 
 

 
 
Figure 6. PSDM stack in depth domain with depth interval velocity overlain (exaggerated vertically). Note the 85E Ridge, rifted 

basement and the thin synrift section. 
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