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ABSTRACT : The advent of affordable high-end computing power through the use of PC clusters has brought about a renewal
of interest in pre-stack 3D wave equation depth migration. This paper examines at the advantages and drawbacks of the
different extrapolation schemes available and looks at the benefits for imaging complex structures.

ABSTRACT

Delineation of basinwide seismostratigraphic
horizons of northern and northeastern Bengal basin revealed
a broad, low amplitude anticlinal fold having a NW-SE
trending axis stretching from Sariakandi (Bogra) and further
to the south-east. This structure probably forms the crestal
part of the largest regional play of the Bengal basin. The
known Kamta gas field and the Hazipur-1 well having oil
shows being located downdip along the axis of this fold and
that the Bogra-X1 and Kuchma-X1 and Singra-1X wells with
gas and oil shows being located on the western flank of this
structure provide strong evidences on the occurrence of
hydrocarbon along the crestal part of this broad anticlinal
structure. Plunge of this fold should favour a northwestward
(updip) migration of hydrocarbon and their accumulation
beyond Hazipur-1 well. Therefore accumulation of
hydrocarbon at the updip edge of this huge anticlinal structure
is not unlikely. Devoid of tight folds, the shelf area did not
generate much interest in the past and limited exploration
activities did not result in any commercial discovery. It is
evident from this study that the wells drilled so far in the
shelf area were located over the flanks or downdip of the
crestal area. Therefore, the possibility of hydrocarbon
accumulation over the crestal area along with other types of
potential traps like low amplitude folds, unconformities, updip
pinchouts, and fault related traps still remains to be explored.
An interpretation of seismic data with this end in view revealed
fault controlled low amplitude structures in the Madarganj
and Sariakandi areas located over the crestal part of this
structure. Presence of seismic amplitude anomalies (Bright
Spot) in the Oligocene-Miocene level of the section having
direct detection features like flat spot, polarity reversal and
minor diffractions at the edges are indicative of the presence

of hydrocarbon in those structures. Hydrocarbon discovery in
this area would certainly boost industrialization of the
northwestern part of Bangladesh. Two test drill holes, one at
Madarganj and the other at Sariakandi are therefore
recommended to confirm the presence of hydrocarbon and
their commercial viability.

INTRODUCTION

Exploration for hydrocarbon in the Bogra Shelf and
Hinze zone is difficult as evidenced by a number of dry holes
(Bogra-X1, Kuchma-X1, Singra-1X and Hazipur-1),  (Well
Drill Ltd.,1988, Khan, F. H. 1991). Even though failure of
commercial hydrocarbon discovery in four wells is definitely
a negative factor, it should also be admitted that other types
of potential traps like low amplitude folds, unconformities,
updip pinchouts, lithological and fault related traps still
remains to be explored in this area. The aim of this study was
to relate the seismic amplitude anomalies around Sariakandi
and Madarganj areas with the structural and stratigraphic
features of the northeastern Bengal Basin in relation to
hydrocarbon accumulation. It’s outline is based on the
seismostratigraphic and structural interpretation of 2500 LKM
of regional seismic sections and associated well data covering
an area about 75,000 sq. km. (Alam, M. N., 1997, 1999).

GEOLOGY OF THE AREA

The Bengal Basin, a Mesozoic-Cenozoic structural
basin (Bengal Geosyncline) is bounded by the Indian Shield
on the west, by the Arakan-Yoma, Naga geanticlinorium in
the east, by the Shillong Plateau and Rangpur Platform on
the north. The area of study is situated in the northeastern
part of the Bengal Basin. Bangladesh occupies a major part
of the Bengal Basin. The geologic history of the Bengal Basin
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started with the intracontinental rifting of eastern
Gondwanaland, formation and evolution of rifted young
passive continental margins, sea floor spreading of the
northeastern Indian ocean and closing of the Tethys sea,
collision of India with Asia, uplift of the Himalayas, erosion,
transport and deposition of the sediment filling the newly
formed Bengal geosyncline (Evans, P., 1964, Lindsay, J. F.,
et. al., 1991).

The most important feature of the Bengal basin is its
thick sedimentary deposits of the confluent of the Ganges and
the Brahmaputra rivers filling the Bengal Basin. Relatively
recent folding and uplift of some of the Brahmaputra derived
sediments close to the interplate boundary redirected the course
of the Brahmaputra to its recent position on the north side of
the Shillong massif). Folding of the Brahmaputra derived
sedimentary strata in the east in the Late Pliocene to Holocene
resulted in the formation of the elongate north-south
assymetrical anticlinal structures of eastern Bangladesh and
adjacent territories (Lindsay, J. F., et al., 1991, Well Drill Ltd.,
1988). This folded belt of eastern Bangladesh and the offshore
areas as well have now been proved to be productive for gas
and also seems prospective for oil as such. Figure 1 shows a
generalized tectonic map of Bangladesh (Alam, M. K., et. al.,
1990) along with the location of seismic lines and drill holes
used in this interpretation.

DATA  ANALYSES

Much of the information has been derived from
regional seismic reflection Common Depth Point (CDP)
Corporation), BOGMC( Bangladesh Oil, Gas and Mineral
Corporation), Petrobangla during 1971-1988.

First of all prominent seismic horizons were
distinguished on the basis of their continuity, intensity
(amplitude), breadth of the reflectors, and the geometry
(shape) of the horizons to establish an acoustic stratigraphy
and structural features of the area. The prominent acoustic
horizons thus obtained were designated by alphabets from A
through P since the divisions were finer than the litho-
stratigraphic horizons revealed from well data. They have
been traced across the shelf and slope in order to determine
their areal extent, thickness and the environment of deposition,
so that a thorough idea of the potential reservoirs, migration
and accumulation of hydrocarbon can be inferred. Seismic
reflecting horizons have been correlated with each other from
line to line where possible. About 2800 LKM of seismic
sections have been correlated with distinctive reflecting

horizons and to give them chronostratigraphic significance.
Horizon C ( Lower Eocene), in the deep ocean basins e.g., is
one of the first reflectors to be so correlated. Other reflectors
(A, B, D, E, F, G, H, I, J, K, L, M, N, O, P, and X) have been
used to correlate reflectors across wide areas of the Surma
basin, and ultimately to the Faridpur Trough area ( Figures 2a,
2b and 3).

Seismic amplitudes provide a quantitative guide to
the density contrast of the adjacent reflectors. Unusually high
seismic amplitudes sometimes found to be related to the
presence of hydrocarbon (Vail et. al., 1977, Sengbush, R. L.
1983). Presence of seismic amplitude anomalies were therefore
carefully examined and a number of amplitude anomalies were
detected over the shelf and slope areas which were later
examined for their direct detection features to evaluate their
hydrocarbon association.

Figure 1. Generalized tectonic map of Bangladesh along with the
location of seismic lines and drill holes used in the
interpretation.
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SEISMO-STRATIGRAPHIC AND STRUCTURAL
INTERPRETATION

The oldest horizons A and B are probably marine
sediments and are probably of Early Cretaceous and Paleocene
in age. These sediments overlie Permian Gondwana continental
sediments ( Horizon X, Figures 2a and 2b) which is regarded
to be of fluvio-lacustrine origin (Rahman, M. M. and Zaher,
M. A. 1980). Horizon B seems to be wide spread and pinches
out against inner shelf area as seen on line PK-MY-8403
(Figure 2a).

In the northwestern Bangladesh the environment that
prevailed are mainly shelf or coastal-plain types. The main
feature of these seismic facies is a general parallelism of
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Figure 2a. Composite section I: The composite section I comprising seismic lines PK-5, PK-4, PK-8404 (west), PK-8402 extends from near
Kuchma-1 well eastward across river Jamuna and PK-MY-8403.
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Figure 2b. Composite section II: The Composite section II comprising seismic lines PK-15, PK-15 (east), PK-M-12, PK-SU-19, and PK-SU-6
extends from approximately northeastward across river Jamuna and the Madhupur Tract and towards east along Meghalaya foothills
along the Bangladesh-India Border.

reflectors(Well Drill Ltd., 1988). The upper limit of acoustic
horizon C is taken as a group of high-amplitude continuous
reflectors assumed to represent carbonate beds. The reflecting
Horizon C can be correlated with the top of the Sylhet
Limestone and is continuous throughout the Bengal Shelf,
Slope, and partly in the Geosynclinal area. Horizon D, possibly
correspond to the Eocene Kopili shale, overlies the Eocene
Limestone. The surface separating the Horizons D and E is
believed to be an unconformity. Horizon E, probably belongs
to the Oligocene sediments. This unit has a considerable
thickness in the slope and rise area and rapidly thins out on
the shelf. Horizon F, (Figures 2a and 2b) probably belongs to
the early Miocene sediments and exists all over the Surma basin
and the Faridpur Trough and in parts of the Bogra shelf. This

Seismic Evidences On The Occurrence Of  Hydrocarbon
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horizon becomes very thick eastward in the Surma Basin.
Horizon G (Figure 2b), probably belongs to the Late Miocene
sediments.

 Interpreted seismic sections of the shelf area were
found to display parallel events without any sign of folding so
that the regional features were not discernible. Therefore the
seismic sections running parallel to the shelf were joined
together to obtain two composite sections so that a regional
picture of the area could be observed.

i)  Composite section I

The composite section I (Figure 2a) comprising
seismic lines PK-5, PK-4, PK-8404 (west), PK-8402 extends
from near Kuchma-1 well eastward across river Jamuna and
PK-MY-8403 towards southeast show clear evidence of
normal faulting. It is apparent from figures 2a and 2b that
three normal faults affects the sedimentary section comprising
horizons C, D, E, F, G, and H on line PK-8402 (western part).
These normal faults are between PG-150 and PG-300 on line
PK-8402 and may bear relation with the Jamuna river. On
the north near Shariakandi in Bogra there appears to be a
doubly crested anticlinal structure with one crest between PG-
450 and PG-1050 on line PK-4, PK-8404 and the other
between PG-300 and PG-598 on line PK-8402 (Figure 2a).
(Alam, M. N., 1997, 1999 )

ii)  The composite section II

The Composite section II (Figure 2b) comprising
seismic lines PK-15, PK-15 (east), PK-M-12, PK-SU-19, and
PK-SU-6 extends from approximately northeastward across
river Jamuna and the Madhupur Tract and towards east along
Meghalaya foothills along the Bangladesh-India Border. It may
be noted that along this 300 km long composite section, there
is apparently no faulting except a fault east of Chhatak structure.
This fault is probably a thrust fault affecting the entire
sedimentary column from Eocene limestone to the surface.
Almost uniform folding of the entire sedimentary section
suggests that the folding has taken place during the post
Pleistocene time. It is also apparent that sedimentary section
including Horizons B, C, D, E, F, G, H and I, i.e., the entire
Tertiary section shows a very gentle, broad and low amplitude
anticlinal fold over the section constituting lines PK-15, PK-
M-12, PK-SU-19 ( composite section II). The crest of this
anticlinal feature lies between PG-200 to 400 over line PK-M-
12 (Figures 2a and 2b). (Alam, M. N., 1997, 1999).

DETERMINING THE HYDROCARBON PLAY AREA

A hydrocarbon play is determined by the presence
of: i) source rock, ii) reservoir rock, iii) hydrocarbon
generation, iv) migration and v) accumulation(NPD, 1993).
Figures 2a and 2b  shows that there exists a broad, low
amplitude anticlinal fold with a NW-SE trending axis
stretching from Shariakandi (Bogra) and further to the south-
east. It seems to covers an area around 30,000sq. km over the
shelf and the slope(Figure 3). Oligocene and Eocene
carbonaceous marine shales  are considered to be the potential
source rocks of the Bengal basin  for the gas found in folded
belt of Bangladesh. Early to Middle Miocene sandstones and
siltstones of Surma and Tipam groups are the potential
reservoir rocks and the Mio-Pliocene shale sequence act as
an effective cap rocks for the gas reservoirs of the Bengal
basin(Anwar, J and Husain M., 1980, Khan, F. H., 1991,
Shamsuddin, A. H. M., et. al., 2001). Having all the criteria
this structure probably constitutes the largest regional play of
the Bengal basin. Thus from analogy of lithological,
depositional and tectonic history to the surrounding gas
producing areas, it may be assumed that a play of such
magnitude must have produced conducive environment for
the generation and accumulation of hydrocarbon.
Hydrocarbons, if any generated from the pre-Tertiary
sequences and Gondwana coal of the Bogra Shelf area should
have added to it.( Alam, M. N., 2002, et, al., Rahman, M. M.
and Zaher. M. A. 1980, Shamsuddin, A. H. M., et. al., 2001).

Figure 3 shows the TWT contours and spatial extent
of the horizon J. The gently folded anticline along with its
southeasterly plunge is obvious from Figure 3. Plunge of this
gently folded anticline should favour a northwestward(updip)
migration of hydrocarbon and their accumulation beyond
Hazipur-1 well within this play. The known Kamta gas field
and the Hazipur-1 well having  oil shows are located downdip
along the axis of this fold and that the Bogra-X1 and Singra-
1 wells with gas and oil shows are located on the south-western
flank of this structure provide strong evidences on the
possibility of hydrocarbon along the crestal part of this broad
anticlinal structure.

AMPLITUDE ANOMALIES ON THE SEISMIC LINE
PK-MY-8402

Figure 4a and 4b shows the most interesting portions
of the seismic section PK-MY-8402 displaying structures and
amplitude anomalies in the Madarganj and Sariakandi areas
respectively. There the Seismic amplitudes along different
horizon levels display relatively stronger reflections at the crest

Seismic Evidences On The Occurrence Of  Hydrocarbon
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Figure 3. TWT contours and spatial extent of the horizon J showing
the gently folded anticline and the play boundary. Arrows
indicate possible direction of migration within the play.

of the structures.  The amplitude anomalies in the Eocene -
Miocene level of Madarganj area (Figure 4a) are  at 0.6 sec
TWT level between PG-385 and PG-422, at 1.0 sec TWT
level  between PG-375  and PG-430,  at 1.2 sec TWT level
from PG-370 to PG-424, at  1.4 sec TWT level from PG-378
to PG-408 and  from PG-450 to PG-470 respectively. The
amplitude anomaly in the late Eocene level of Sariakandi area
may be observed around 1.2 to 1.3 sec TWT level between
PG-110 and PG-182 in Figure 4b.

DIRECT HYDROCARBON DETECTION FEATURES

The seismic techniques for direct detection of
hydrocarbons depend on the effect of porosity and fluid content
on the velocity and density of the reservoir rocks, and on the
associated dependence of reflectivity on these properties. The
most significant diagnostics for direct detection are: 1) strong
reflections due to the presence of hydrocarbon (bright spot),

2) interference of reflections at the edges of the
reservoirs(diffraction), 3) flat reflections associated with gas-
oil, gas-water, and oil-water contacts (flat spot), and 4) high
absorption of seismic energy by gas reservoirs(time sag).
(Sengbush, R. L., 1983.)

Relatively strong reflections, the bright spots on
seismic line PK-SU-8402 at different horizon levels are
discernible (Figure 4a) in the Eocene-Miocene level. The
amplitude anomalies in the Eocene-Miocene level of
Madarganj area  at 0.6 sec, 1.0 sec, 1.2 sec, 1.4 sec TWT
level and that in the late Eocene level of Sariakandi area
around 1.2 to 1.3 sec TWT levels (Figure 4b) have been
mentioned above. Gas accumulation may be responsible for
the amplitude anomalies at those crestal levels.

The second significant diagnostic is the presence of
interference and possibly, phase reversal at the edges of the
reservoir. This kind of interference and polarity reversal is
clearly observable on Figure 4a at 0.62 sec TWT level from
PG-370 to PG-424, near 1.2 sec TWT level at PG-373 and at
PG-424. In figure 4b polarity reversal can be seen at 1.25 sec
TWT  level  at PG- 110 and PG-180. Interference occurs
because top and bottom reflections with opposite polarity
merge as the reservoir thins; phase reversal occurs if the
reflectivity changes sign in going off the reservoir. Phase
reversals sometimes appear to be half-cycle faults that outline
the reservoir. (Sengbush, R. L., 1983.)

The third important diagnostic is related to the fact
that the gas/oil, oil/water, and gas/water contacts are
practically flat, horizontal, acoustically smooth surfaces
(Sengbush, R. L., 1983). This feature is observable in Figure
4a at 1.4 sec TWT level between  PG-450 to PG-470. On Figure
4b such feature is noticeable at 1.23 sec TWT level between
PG-163 and PG-180.

A secondary diagnostic feature that is sometimes
noticeable is the presence of diffraction from lateral changes
in the acoustic impedance because of the termination of the
reservoir. The diffraction may be faint and may be confused
with diffraction from faults. The edges of a reservoir is clearly
marked by an abrupt loss of amplitude( Sengbush, R. L., 1983).
Diffractions can be seen emanating from the discontinuity at
the edge of the reservoir. These features are observable in figure
4a at 0.63 TWT level  at PG-383 and at PG-422, 1.23 TWT
level at PG-370 and 1.4 sec TWT level at PG-472  and in
Figure 4b at 1.23 sec TWT level at PG 180. Therefore the
seismic amplitude anomalies (bright spot) in the Oligocene-

Seismic Evidences On The Occurrence Of  Hydrocarbon
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Figure 4a. Portion of the seismic line PK-MY-8402 showing the amplitude anomalies of the Madarganj area. Local strong reflections,
the bright spots at different horizon levels are discernible in the Eocene-Miocene level. The amplitude anomalies are  at 0.6
sec TWT level between PG-385 and PG-422, at 1.0 sec TWT level  between PG-375  and PG-430,  at 1.2 sec TWT level from
PG-370 to PG-424, at 1.4 sec TWT level from PG-378 to PG-408 and from PG-450 to PG-470 respectively.

Figure 4b. Portion of the seismic line PK-MY-8402 showing the amplitude anomalies of the Sariakandi area. A local strong reflection, the
bright spot on the Sariakandi portion of the seismic line along 1.2 to 1.3 sec TWT level in the Horizon D is discernible between
PG-110 and PG-180.

Seismic Evidences On The Occurrence Of  Hydrocarbon
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Miocene level of the seismic section PK-MY-8402 having
direct detection features like flat spot, polarity reversal and
minor diffractions at the edges are indicative of  the presence
of hydrocarbon in those structures(Figures 4a and 4b). Seismic
signatures displaying direct hydrocarbon detection features and
their association with favourable stratigraphic and structural
positions necessitates further exploration activities like
additional close grid seismic lines and test drill holes  to confirm
the presence of hydrocarbon in the Madarganj and Sariakandi
areas. Location of the proposed seismic lines and test drill holes
needed for further study is shown in Figure 5.

are indicative of  the presence of hydrocarbon in those
structures. Few more seismic lines over these two structures
followed by two test drill holes, one at Madarganj and the
other at Sariakandi are necessary to confirm the presence
of hydrocarbon and their commercial viability.

3) Potential traps like low amplitude folds, unconformities,
updip pinchouts, lithological and fault related traps still
remains to be explored in the Bogra shelf area. Significant
lateral variations in porosity and permeability could exist
in marine carbonate rocks of Eocene age. Gas shows in
the Eocene Sylhet limestone and Oil shows in Tura
Formation in the Bogra-IX well indicates such
possibilities. It is therefore necessary to carry out high
resolution seismic survey over the entire Bogra Shelf area
to locate straigraphic traps there.

ACKNOWLEDGEMENTS

The author gratefully acknowledge the kind
permission of the Energy and  Mineral Resources
Division(EMRD), Ministry of Power, Energy and Mineral
Resources, Govt. of the People’s Republic of Bangladesh and
Petrobangla to publish this paper. The author is greatly
thankful to the Director of BPI for his kind cooperation in
preparing this report, reviewing the manuscript and for
making critical suggestions. Thanks are also due to every
individual who has contributed directly or indirectly in this
research project.

REFERENCES

Alam, M. K., Hasan, A. K. M. S., Khan, M. R., Whitney, J. W.,
1990: Geological Map of Bangladesh, GSB, Dhaka,
Bangladesh.

Alam, M. N., 1997: Gravity, magnetic, seismo-stratigraphic and
structural characteristics of the northwestern Bangladesh.
Unpublished BPI report, Dhaka, Bangladesh.

Alam, M. N., 1999. Stratigraphic and structural features pertinent
to the tectonic ceasing phase of the Surma basin and
upliftment of Madhupur Tract regions of the northwestern
Bengal basin. Unpublished BPI report. Dhaka,
Bangladesh.

Alam, M. N., Nakayama, K., Toshifumi, M and Yohroh, T., 2002.
Joint research for the petroleum systems in the Bengal
basin. (Unpublished BPI, JGI, JAPEX and Kyoto
University joint  report). Dhaka, Bangladesh.

Anwar, J and Husain M., 1980. Origin of petroleum and suitability
of Bangladesh geological environment for the occurrence
of oil and gas. Petroleum and Mineral Resources of
Bangladesh, Seminar and exhibition, 08-12, October, 1980.
A GOB publication. Dhaka, Bangladesh.

 

PK-MY-8402

BOG-5

PK-8404

PK
-8318

PK
-M

Y-8406

M
Y-8501

MY-8403

Border

MY-8401

M
Y-8405

SU-19

PK-MY-8406
+ M-14

PK-M
Y-8407

PK-11

PK-4

BR
R-1

BO
G

-3

BO
G

-2BO
G

-1

BOG-4

P
K

-8427

PK-7

PK-10

Kuchma-1

Bogra-1

Ja
m

un
a

R
iv

er

BO
G-6

25-15' N

89-30' E 90-15' E90-00' E

25-00' N

BOGRA

INDIA

PK
-M

Y-8
40

4

LEGEND

BOG-1

Existing seismic
      lines

Existing wells

Scale: 
0 5 10 15 20 25

kms

Jamalpur

Prepared by: Md. Noor Alam

Proposed seismic
       lines

Proposed drill hole

Madarganj
Sariakandi

Figure 5. Proposed seismic lines and drill hole locations for detailed
study to outline the Madarganj and Sariakandi structures
and their hydrocarbon potential.

CONCLUSION AND RECOMMENDATION

1)  The low amplitude anticlinal fold with a NW-SE trending
axis stretching from Shariakandi (Bogra) and further to the
south-east constitutes the largest regional play of the Bengal
basin. Plunge of this fold should favour a
northwestward(updip) migration of hydrocarbon and their
accumulation NW of Hazipur-1 well. The known Kamta
gas field and the Hazipur-1 well is located downdip along
the axis of this fold and that the Bogra-X1 and Kuchma-
X1 wells is located on the western flank of this structure.
Therefore the wells drilled so far in the shelf area were
located over the flanks or downdip of this structure.

2) Presence of seismic amplitude anomalies (bright spot) in
the Oligocene-Miocene level of the Madarganj and
Sariakandi section having direct detection features like flat
spot, polarity reversal and minor diffractions at the edges
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