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Abstract

The Neogene Surma Group sandstones are the proven hydrocarbon reservoirs in the Bengal Basin, Bangladesh. This research
investigates the depositional facies of the Neogene sequences found in the Sangu-1 and Sangu-5 petroleum exploration wells
in the Sangu Gas Field, located in the offshore area of the Bengal Basin, Bangladesh. The Sangu Gas Field, the first offshore
gas field, is situated at Block SS 04 in the eastern part of the Hatiya Trough of the Bengal Fore deep and the western extrem-
ity of the Chittagong Tripura Fold Belt. This study, utilizing core samples, wireline logs, and seismic data, focused on the
depositional characteristics of the Neogene sedimentary rocks. Wireline logs are employed to identify electrofacies patterns,
whereas the seismic section is used to differentiate the boundaries of megasequences. The analysis of facies in core samples
was conducted based on texture, lithologic association, and internal sedimentary structures. Three distinct facies assemblages
were identified, including shale-dominated facies, alternating sandstone and shale assemblages, and sandstone-dominated
facies. The presence of various sedimentary structures, such as lenticular, wavy, and flaser bedding, as well as cross-bedded
sandstone with mud drapes, indicates evidence of tidal currents. The alternating beds of shales and sandstones observed in
cores and well logs are attributed to repetitive transgressive and regressive phases. Overall, the depositional environment of
the Neogene Surma Group sequences is interpreted as tide-dominated deltaic. This research will build understanding on the
depositional architecture of the potential reservoirs in the offshore Bengal Basin.
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1 Introduction

Prolific hydrocarbon-bearing sedimentary Bengal Basin lies
in the north-eastern part of the Indian sub-continent (Fig. 1)
and contains approximately +22 km-thick sedimentary suc-
cession of the Cretaceous to Holocene, of which Neogene
deposits are more than 6 km. Sedimentation in the Ben-
gal Basin had resulted from the uplift and erosion of the
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Himalayas and Indo-Burman Ranges (Najman et al., 2022;
Uddin & Lundberg, 1998).

Of 31 discovered gas fields in Bangladesh, the Sangu Gas
Field, the first offshore gas field, with an initial GIIP (gas
initially in place) of 1612 BCF (billion cubic feet) (Cairn
Energy, 1998), was discovered in 1996 located at Block SS
04 (Petrobangla, 2016) in the Hatiya Trough (Fig. 1) con-
taining Neogene sandstones and shales of ~18 km (Curray,
1991; Curray & Munasinghe, 1991; Shamsuddin, 2022).
Assessment of the depositional environments is required to
assess the quality of the reservoir, as it controls the distri-
bution of the petrophysical properties (porosity and perme-
ability) (Greve et al., 2024). Textural properties and facies
characteristics are valuable factors in identifying deposi-
tional settings (e.g., Irfan et al., 2022; Kanhaiya et al., 2017;
Khanam et al., 2022; Singh et al., 2020; Yadav et al., 2023).
Depositional facies influence the distribution, volume, archi-
tecture, heterogeneity of the reservoir, and ultimately the
quality of reservoirs. Few works relating to sedimentology
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Fig. 1 a Potential hydrocarbon block map of offshore Bangladesh
with major tectonic division of the Bengal Basin and adjoining areas
(Hossain et al., 2019; modified after Petrobangla, 2016) showing
the locations of the study region of Sangu Gas Field, b location of

and diagenesis of Neogene reservoirs of the Sangu Gas
Field, Bay of Bengal, and the Hatiya Trough exist (e.g.,
Matesic, 2012; Najman et al., 2012; Rahman et al., 2022;
Shahriar et al., 2020). However, detailed facies analysis of
the Neogene sequences in the Offshore Bengal Basin is lack-
ing. Therefore, analyzing detailed facies analysis is impor-
tant, particularly on the hydrocarbon bearing the Neogene
succession in the offshore Bengal Basin to understand the
depositional architecture of the potential reservoirs in the
offshore Bengal Basin. The main aim of this research work
is to infer the depositional environments based on core sam-
ples, wireline logs, and seismic sections of the Sangu-1 and
Sangu-5 wells.

A detailed description of core samples helps to construct
lithofacies, facies association, and facies relationship where
different wireline logs are used to delineate electrofacies and,
lastly, the boundary of megasequences is defined from the
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Sangu-1 and Sangu-5 wells within Block SS-04, and c¢ representation
of Sangu and adjoining Jaldi structure in Hatiya Trough with seismic
character (Modified after Najman et al., 2012)

seismic section. Three cores of the reservoir portions of the
Sangu-1 well (core-1: 1899—-1901 m, core-2: 3010-3012 m,
and core-3: 3252-3266 m) and four cores of the Sangu-5
well (core-1: 3498-3501 m, core-2: 3501-3515 m, core-3:
3515-3533 m, and core-4: 3533-3545 m) have been used in
this study (Fig. 2).

2 Geologic setting

The Bengal Basin has been divided into three geotectonic
provinces of Stable Shelf to the NW, the Foredeep Basin,
and the Folded Flank to the east (Fig. 1) based on the
regional tectonic setting as well as geophysical investiga-
tions, field mapping, and well data (Bakhtine, 1966; Hos-
sain et al., 2020; Reimann, 1993; Shamsuddin & Abdullah,
1997). The southern part of the Foredeep basin is subdivided
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Fig.2 Lithostratigraphy of the Sangu-1 and Sangu-5 wells (modi-
fied after Shahriar et al., 2020). The Neogene succession is divided
into megasequences 1, 2, and 3 after Najman et al. (2012). Reservoir

names (T3, ST3, T2, T1A, and B, Supra T1, T1C, T1D, and TIE are
from Cairn Energy (1998)
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into two sub-basins, the Faridpur Trough and the Hatiya
Trough, separated by the Barisal-Chandpur High (Guha,
1978). The Sangu Gas Field is located in the Bay of Ben-
gal and lies in the boundary of the Foredeep Basin (Hatiya
Trough) and the Chittagong Tripura Fold Belt (CTFB). The
foredeep is verged by the frontal folded belt, the CTFB to
the east and the continental slope of the Indian Craton to
the west (Reimann, 1993) and the basin plunges into the
Bay of Bengal beneath the continental shelf (Matin et al.,
1986) to the south with an NE-SW general trend. The
Hatiya Trough is about 18 km deep depression, extending
southward to about 18°N latitude (Curray et al., 1993; Singh
et al., 2016) and forming the outermost part of the westward-
propagating CTFB. The Sangu structure is an asymmetric
anticline (NNW-SSE trending) with a four-way dip covering
an area of 10 km x 25 km (Shahriar et al., 2020). Under-
lined by oceanic crust, the Hatiya Trough and most of the
Bengal Foredeep are formed following the break-away of
India from Australia and Antarctica during the Early Creta-
ceous (Curray, 2014; Maurin & Rangin, 2009). Sediments
of Late Neogene—Recent time were in general derived from
the Himalayan mountain belt (Najman et al., 2016), whereas
a minor amount of arc-derived sediments were from the
Trans-Himalaya or Paleogene Indo-Burman Ranges (Rah-
man et al., 2017, 2020; Yang et al., 2019, 2020).

The stratigraphic succession of the South Bengal Basin
(Hatiya Trough—deeper part of the Bengal Basin) is of
Neogene age starting with the basal Surma Group, which
is overlain by the Tipam Formation and Dupi Tila Forma-
tion, respectively (Fig. 3). The Surma Group is the result
of a major delta progradation since the Early Miocene and
is thought to have been characterized by repetitive trans-
gressive and regressive phases that resulted from tectonic

subsidence as well as relative sea-level changes (Rahman
et al., 2009, 2017). The Middle Miocene Bhuban Forma-
tion and the Late Miocene Boka Bil Formation are Miocene
sediments that make up the Surma Group’s marine-deltaic
deposits. Fluvial braided deposits are represented by the
younger succession of the Middle Pliocene Tipam Forma-
tion, while fluvial meandering deposits are represented by
the Late Pliocene—Pleistocene Dupi Tila sandstones.

3 Methods

The depositional architecture of the Neogene Surma Group
from the Sangu Gas Field, Bay of Bengal, has been recon-
structed through a comprehensive documentation of facies,
facies association, and facies relationships in cores. This
was achieved by analyzing lithofacies (texture, lithologic
association, and internal sedimentary structures) and unit
contacts, following Miall’s (2010) schemes. An electrofacies
approach was developed and applied to identify depositional
environmental settings based on gamma ray log trends/pat-
terns, which are sensitive to sand—shale changes in rock
formations. The gamma ray log was used as the primary
analytical tool to infer paleo-environment, with sedimen-
tological attributes recorded, photographed, and presented
in graphical logs. A sequence stratigraphic approach was
utilized to divide the rock record into various units (parase-
quences, parasequence sets, and systems tracts) by identi-
fying bounding discontinuities such as maximum flooding
surface, transgressive surface, regressive erosion surface,
and incised valley floor. This allowed for the identification
of key stratigraphic surfaces and systems tracts, enabling the
differentiation of different depositional sequences.
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4 Facies assemblages and interpretation
4.1 Lithofacies

Facies analysis of core samples from Sangu-1 well
(1898-3266 m) and Sangu-5 well (3498-3545 m) was car-
ried out precisely based on texture, lithologic association,
and internal sedimentary structures. Three distinct facies
assemblages are recognized as shale-dominated facies,
Alternating sandstone and shale facies and sandstone-
dominated facies (Table 1).

4.1.1 Shale-dominated facies assemblages

Shale-dominated facies assemblages are characterized
by sand/slit lenticules and streaks. These are (Fig. 4)
mainly bluish gray colored, thin, and evenly laminated
and encountered mainly in the Sangu-1 well at depths of
3256.90-3257.00 m and in the Sangu-5 well at depths
of 3512.72-3513, 3515.86-3516.09, 3517.12-3517.35,
and 3518.91-3519.31 m. Bioturbation (Fig. 4b) is a com-
mon feature filled by sand/silt. Vertical burrows are pre-
sent occasionally and ball and pillow or load structure
(Fig. 4d) is present at 3519.65-3520 m depth in Sangu-5
well. Lenticular bedded (L,) subfacies are bluish gray to
light gray color shale with thin lenses (Fig. 4e, f) of fine
sand/coarse silt. The lenses are both isolated and occa-
sionally connected with various dimensions. Sometimes,
sand/silt streaks and convoluted structure are observed
(Fig. 4c). Shale-dominated facies assemblages are depos-
ited as middle to inner shelf deposits in quiet water depo-
sitional settings. Current energy is lowest in the upper part
of the intertidal zone, which causes the deposition of shale
and lenticular shale (muddy sediment), whereas sand/silt
streaks have been deposited under high tidal influence and/
or storm (Reineck & Singh, 1980).

4.1.2 Alternating sandstone and shale facies

Alternating bluish-gray shale and light gray sandstone
are observed in which sand lenses are well connected
and laterally comprise wavy bedded sandstone facies
(Fig. 4f) and encountered in the Sangu-1 well at a depth
of 3011.90-3012.00, and 3255.18-3255.24 m, and in
the Sangu-5 well at a depth of 3508.75-3509.00 and
3515-3515.13 m. Sometimes, bioturbation has is observed
in both shale and sandstone. Deposition of wavy bedded
sandstone occurs in the middle part of the intertidal zone
during low to moderate energy conditions.

Table 1 Lithofacies and facies associations documented from core samples of Sangu-1 and Sangu-5 wells

Interpretation

Brief description

Lithofacies

Facies association

Upper part of the intertidal zone

Bluish gray to dark gray shales, and minor massive

1a. Shale (F,)

Shale-dominated facies

mudstone; occasionally faintly bioturbated; shales
with lenticles of very fine sand/silt (Fig. 4e), lenti-

cles show small-scale cross-lamination

1b. Lenticular bedded shale (L,)

Alternating straight to slightly wavy bluish-gray shale Middle part of the intertidal zone during low- to

Alternating sandstone and shale facies 2. Wavy bedded sandstone (S,,)

moderate-energy conditions

and very fine-grained light gray sandstones (Fig. 4f)

Lower intertidal to upper subtidal zone

Very fine-grained to fine-grained; ripples are com-

3a. Flaser bedded sandstone (Sy)

Sandstone-dominated facies

monly asymmetrical, bipolar; mud-draped. Shale/
mudstone flasers occur on the ripple troughs

(Fig. 4g)
4. Parallel-laminated/bedded sandstone (S;,) Light gray-colored, fine- to medium-grained, horizon- Shallow tidal channel during the upper flow regime

3b. Rippled cross-laminated sandstone (S,)

tal to nearly horizontal upper plain bed lamination

(Fig. 5b)

Mostly subtidal

Light gray-colored, fine- to medium-grained, planar

5. Trough cross-bedded sandstone (S;)
6. Planar cross-bedded sandstone (Sp)

Channel fill deposits

as well as tangential foresets and mud clasts along

foresets (Fig. 5a, c, d)
Light gray colored, fine to medium grained, some-

times with mud clasts (Fig. 5f)

7. Massive sandstone (S,,)
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Fig.4 Sedimentary structures representing shale-dominating facies
assemblages and alternating sandstone and shale facies; a shale facies
at 3256.85 m depth in Sangu-1 well, b bioturbated shale at 3503.10 m
depth, ¢ convoluted shale at 3513.51 m depth, d shale with load struc-
ture at 3519.60 m depth in the Sangu-5 well, e lenticular bedded
facies (L,) at a depth 3265.50 m in the Sangu-1 well, f coarsening

4.1.3 Sandstone-dominated facies

Sandstone-dominated facies comprises flaser bedded
sandstone, parallel-laminated/bedded sandstone (S,),
trough cross-bedded sandstone (S,), planar cross-bedded
sandstone (Sp), and massive sandstone facies (S,,). Fla-
ser bedded sandstone is encountered in the Sangu-1 well
at depths of 3011.90-3012.00 and 3255.18-3255.24 m,
and in the Sangu-5 well at depths of 3508.75-3509.00,
3515-3515.13 m. Gray to light gray color, fine-grained
sandstones are rippled and mud drapes along the foreset
laminae and flasers usually occur on the ripple troughs form-
ing flaser bedding (Fig. 4g, h), sometimes continuing on the
lower part of the ripple laminae. Parallel-laminated/bedded
sandstone facies is characterized by light gray color, fine- to
medium-grained sandstone, horizontal to nearly horizon-
tal, and thin beds and typical upper plane bed lamination.
Parallel-laminated/ bedded facies (Fig. 5a, b) is encoun-
tered in the Sangu-1 well at a depth of 3252.00-3252.25 m,

@ Springer

upward sequence where lenticular bedded facies passing upward into
wavy bedded facies at 3515.02 m depth in Sangu-5 well, g flaser bed-
ded facies (S;) at 3253.00 m depth in the Sangu-1 well, and h ripple-
laminated facies (S,) and flaser bedded facies (Sy) at 3507.50 m depth
in the Sangu-5 well

whereas in the Sangu-5 well at a depth of 3528.49-3529.00,
and 3543.53-3544 m, etc. Trough cross-bedded sandstone
facies (Fig. 5d) is characterized by light gray color, fine-
to medium-grained, and curved or tangential upper/lower
bounding surface, which is a very familiar facies encoun-
tered in the Sangu-5 well at a depth of 3522.00-3522.70,
3531.16-3533.00, and 3542.62-3543.00 m, and in the
Sangu-1 well at a depth of 3257.00-3257.22 m. Occa-
sionally, beds are attenuated by thin mud laminae. Planar
cross-bedded sandstone facies is characterized by light
gray color, fine- to medium-grained, low-angular bedsets
with planar upper and lower bounding surfaces (Fig. 5a,
¢), which is a common facies encountered in the Sangu-1
well at depths of 3252.40-3252.55 and 3256.20-3256.50 m,
and in the Sangu-5 well at depths of 3520.00-3520.20,
3521.75-3522.00, and 3525.00-3526.27 m. Light gray-
colored, fine- to medium-grained massive sandstone (Fig. 5f)
is common in the core-3 encountered in the Sangu-1 well
at a depth of 3010.18-3010.23 and 3257.15-3257.23 m,



Depositional facies of the subsurface Neogene Surma Group in the Sangu Gas Field, the Bay of Bengal:...

Fig.5 Sedimentary structures representing sandstone-dominating
facies; a parallel-laminated sandstone (S;) facies and low-angle planar
cross-bedded sandstone (Sp) facies at 3256.60 m depth in the Sangu-1
well, b parallel-laminated sandstone (S}, facies at 3528.82 m depth, ¢
low-angle planar cross-laminated sandstone (Sp) facies at 3526.97 m

and in the Sangu-5 well at a depth of 3520.20-3521 and
3522.70-3523.19 m. Sometimes, mud streaks or clasts are
also visible.

Deposition of sandstone-dominated facies occurs by
strong traction currents. Flaser bedded sandstones occur
in the lower intertidal to upper subtidal zone (De Raaf &
Boersma, 1971). Formation of parallel-laminated sandstone
is due to high energy condition in the upper flow regime
condition in shallow tidal channel, or develop as deposits
of high velocity and highly turbulent flows (Rahman et al.,
2009) by migrating bed forms on sandy deposits in shallow
subtidal environment under the influence of which high tidal
energy cross-bedded sandstone facies get deposited (Rah-
man et al., 2009). Massive sandstone with mud clasts indi-
cates channel-fill deposits.

4.2 Electrofacies

Abrupt changes in the gamma ray (GR) log response are
interpreted to be related to sharp lithological breaks associ-
ated with unconformities and sequence boundaries (Krassay,
1998) to distinguish different sedimentary environments, as
the fining and coarsening upward cycles are often related to
changes in grain size and clay contents (Cant, 1992). In the
Sangu-1 (500-3420 m) and Sangu-5 wells (1175-3660 m
depth), five log facies are discerned, namely funnel-shaped
facies, bell-shaped facies, box-car facies, bow-shaped facies,
and serrated-shaped facies.

depth in the Sangu-5 well, d trough cross-bedded sandstone facies
(S) at 3522.27 m depth, e herringbone structure at 3252.11 m depth
in the Sangu-1 well, and f the presence of mud clasts in massive
sandstone facies (S,,,) at 3528.28 m depth in the Sangu-5 well

Funnel-shaped facies indicates a coarsening upward
or cleaning up facies trend (Fig. 6a). Usually, it forms
due to upwardly increasing depositional energy related to
delta progradation. This facies is commonly observed at
depths of 1150-1200, 3320-3400 m, etc. in the Sangu-1
well and 1335-1520 and 3130-3343 m in the Sangu-5
well. Bell-shaped facies represents fining upward or dirty-
ing up facies trend (Fig. 6b), which indicates a retreating
shoreline—shelf system in shallow marine setting, flu-
vial or deltaic channels (Emery & Myers, 1996; Selley,
1985, 1998) with decreasing depositional energy. It is a
very common type of facies found at depths 1185-1220
and 3450-3500 m in the Sangu-1 well and 1600-1800,
2982-3343 and 3450-3575 m in the Sangu-5 well. Box-
car-shaped facies is observed at both the left and right.
The left box-car facies (Fig. 6e) reflects the tidal aggra-
dational sand bodies deposited in high energy conditions
with sharp upper and lower end of low GR value due to
erosional bases truncating the underlying shale causing
the sharp basal boundary in tide-dominated channel. It is
more commonly observed at 1915-2000 and 2247-2369 m
depth in the Sangu-5 well than Sangu-1 well. In tidal flats,
right box-car facies (Fig. 6d) reflects the aggradational
shale having no internal irregularities with abrupt overly-
ing and underlying boundaries and deposits mostly in low
energy conditions. It is observed at depths 2500-2790 m
in the Sangu-1 well and 2800-2982 and 3356-3450 m in
the Sangu-5 well.
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Fig.6 GR log trends in the
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Bow or symmetrical trends (Fig. 6¢) consist of a coarsen-
ing upward trend overlain by a fining upward trend with no
significant break (Emery & Myers, 1996). This trend forms
in tide-dominated delta (mixed tidal flat) as a result of a
waxing and waning of clastic sedimentation rate in a basinal
setting such as during the progradation and retrogradation.
It is less common in the studied section and observed at
1360-1500 m depth in the Sangu-1 well and 2592-2650 and
3450-3498 m depth in the Sangu-5 well. Fluctuation of GR
reading with high and low values with thin laminated sand
mud intercalation, having no systematic change in either the
sand baseline or shale baseline and lacking the clean charac-
ter of the box-car trend results in serrated shape or irregular
facies (Fig. 6f) (Emery & Myers, 1996). For instance, this
trend forms a tide-dominated (muddy tidal flat) environment.

5 Discussion

Precise and detailed depiction of texture, lithologic associa-
tion, and internal sedimentary structures of the core samples
encountered in Sangu-1 and Sangu-5 wells have provided a
subtle concept about the depositional environments of the
Neogene Surma Group. Alternating beds of shales and sand-
stones as revealed from cores (Fig. 7) and well logs (Fig. 8)
of Sangu-1 and Sangu-5 wells are the result of long-term
changes in the hydrodynamic conditions within a sedimen-
tary basin (Singh & Singh, 1995) indicating meso- to mac-
rotidal environments.

The Neogene Surma Group encountered in Sangu-1 and
Sangu-5 wells is characterized by lenticular bedding, wavy
bedding, flaser bedding, parallel lamination, trough cross-
bedded, and planar cross-bedded sedimentary structures
(Figs. 4, 5). The presence of mud drapes deposited between
high-water and low-water tides indicates tidal environments
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(De Raaf & Boersma, 1971; Klein, 1971). Tidal influence in
inter-tidal depositional setting is indicated by the association
of lenticular bedded, wavy bedded and flaser bedded facies
representing a fining upward sequence (Ginsburg, 1975;
Klein, 1985; Reineck & Wunderlich, 1968).

The presence of bimodality in ripple cross-lamination
confirms its tidal influences undisputedly, though these
associations are also observed in a number of modern non-
tidal environments (De Raaf & Boersma, 1971). Directional
bimodality in cross-lamination represents intertidal as well
as subtidal deposits, whereas the deposition of parallel-
laminated sandstone facies under upper flow regime con-
ditions is diagnostic in shallow tidal channels (De Raaf &
Boersma, 1971; Terwindt, 1971). The mode of deposition
of mud drapes indicates whether the depositional environ-
ment is subtidal or intertidal. In the intertidal environment,
mud is deposited as only a single layer and in the subtidal
environment as mud layer couplets (Visser, 1980). Herring-
bone structure in cross-laminated/cross-bedded sandstone is
a diagnostic feature in tidal environments and trough cross-
bedded sandstone facies indicates shallow subtidal environ-
ment under the influence of high tidal energy (Alam, 1995).

The fining upward cycle (bell shape) with more than 3 m
corresponds to the mesotidal range and indicates intertidal
sediment transport processes (Alam, 1995; Terwindt, 1971)
and represents retreating shoreline—shelf system in shal-
low marine setting, fluvial or deltaic channels (Emery &
Myers, 1996; Selley, 1985, 1998). The coarsening upward
cycle (funnel shape) indicates delta progradation. A coars-
ening upward cycle overlain by a fining upward cycle (bow
shape) indicates tide-dominated delta (mixed tidal flat) and
an irregular cycle represents tide-dominated delta (muddy
tidal flat). Analysis of sedimentological data from the sub-
surface Neogene succession in the Sylhet Trough of the Ben-
gal Basin has shown similar tidal signatures, as reported by
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Rahman et al. (2009). Additionally, Alam (1995) identified
tide-generated structures in the Baraichari Shale Forma-
tion, such as herringbone cross-bedding, bundle structure,
mud couplet, bipolar cross-lamination with reactivation sur-
faces, and ‘tidal’ bedding. The repetitive presence of incised
channel, tidal inlet, tidal ridge/shoal, tidal flat, and other
tidal deposits, interspersed with shelfal mudstone, has been
observed in the southeastern part of the Bengal Basin, as
documented by Gani and Alam (2003).

Sequences have been discerned based on gamma ray log
responses (Figs. 6, 8) in the Sangu-1 and 5 wells. Depo-
sitional sequences have been inferred as highstand system
tract (HST), lowstand system tract (LST), falling stage
system tract (FSST), and transgressive system tract (TST)
(Fig. 8). Boundaries of megasequence-1, megasequence-2,
and megasequence-3 (Fig. 9) are approximated from marine
flooding surface (MFS), transgressive erosional surface
(TES), and regressive erosional surface (RES) (Najman
et al., 2012).

Megasequence-1 is the oldest unit and was deposited
during the Miocene to Early Pliocene time. The top of

megasequence-1 is followed by a maximum marine flood-
ing surface (MFS) representing forestepping, prograda-
tional sequence stack. The lithology of these sequence
intervals is shale, sandstone/shale alteration, and sand-
stone with shale thin layers, and stacking patterns indi-
cate an overall coarsening upward sequence deposited in
marine delta shelf to slope depositional environment (Naj-
man et al., 2012).

A major and abrupt change in depositional environ-
ment results from a basinward shift in facies that is marine
regression in megasequence-2. The top of megasequence-2
is followed by a transgressive erosional surface (TES).
Aggradational geometries dominate due to an increase in
sediment supply in the basin from Paleo-Ganges during
the Mid-Miocene time (Cairn Energy, 1998). The repeated
cut and fill indicates relative sea-level fluctuations during
the deposition of sediments and indicates tide-dominated
incised valley-fill deposits. During the Late Pliocene to
Pleistocene period, sedimentation and accommodation are
generally in equilibrium and the nature of the shelf-slope
break is predominantly aggradational (Najman et al., 2012)

Sangu well

1000

2000

Depth (m)

3000

4000

Fig.9 Seismic megasequences of the Sangu area on the seismic section along line ceb-94-43 with channels and canyons

@ Springer



S. Akter et al.

representing a delta top (fluvial-braided) depositional condi-
tion in megasequence-3.

6 Conclusions

1) Seven facies have been recognized distinctively based
on texture, lithologic association, and internal sedimen-
tary structures from the core samples of Surma Group
encountered in Sangu-1 and Sangu-5 wells such as
shale (F,) and shale with lenticules of sand (lenticular
bedded facies, L), wavy bedded sandstone facies (S,,),
flaser bedded sandstone (Sy) with ripple laminated (S,)
sandstone facies, parallel-laminated sandstone facies
(S}), trough cross-bedded sandstone facies (S,), planar
cross-bedded sandstone facies (Sp), and massive sand-
stone (S,,) facies. These lithofacies are ramified into
three distinct facies associations: shale-dominated facies
assemblages, alternating sandstone and shale facies, and
sandstone-dominating facies.

2) The presence of lenticular, wavy, flaser bedding, ripple
cross-stratification, laminated sand/silt-streaked shales,
cross-bedded sandstone with mud drapes, and herring-
bone cross-stratification indicates strong tidal current
evidence and fluctuation of relative sea-level changes
had occurred that characterized by repetitive transgres-
sive and regressive phases.

3) In the Sangu-1 (500-3420 m) and the Sangu-5 wells
(1175-3660 m depth), five log facies are discerned,
namely funnel-shaped facies, bell-shaped facies, box-
car facies, bow-shaped facies, and serrated-shaped
facies. Bell-shaped facies indicates intertidal sediment
in shallow marine settings, fluvial or deltaic channels,
and funnel-shaped facies indicates delta prograda-
tion. Bow-shaped facies indicates tide-dominated delta
(mixed tidal flat) and serrated-shaped facies represents
tide-dominated delta (muddy tidal flat).

4) Interpretation of subsurface seismic profile of line ceb-
94 trending SE-NW through the offshore Sangu struc-
ture represents that the top of megasequence-1 is fol-
lowed by a maximum marine flooding surface (MFS)
representing forestepping, progradational sequence
stack, and the top of megasequence-2 is followed by a
transgressive erosional surface (TES) followed by the
gradual establishment of the overlying continental—flu-
vial depositional systems (i.e., the megasequence-3).

5) Finally, it can be adjudged from the above discussion
that the paleo-depositional environment of the Neogene
Surma Group of the Sangu structure is tide-dominated
deltaic. Overall, the understanding of the depositional
facies of the Neogene sequences in the offshore regions
of the Bengal Basin will play a crucial role in the explo-

@ Springer

ration of hydrocarbons in the untapped areas of the Bay
of Bengal.
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