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The folded flank of the Bengal Basin (i.e., Chittagong—Tripura Fold Belt, CTFB) is the westward
prolongation of the Indo-Burman Ranges (IBR), which developed as accretionary wedge due to the
oblique subduction of the Indian Plate beneath the Burmese Plate. The tectonic evolution of this
area and its control on the paleo-depositional environment has been archived in the Neogene outer
IBR. Within the outer IBR (i.e., CTFB), the deformation intensity and ages of the tectonic defor-
mation, in general, decrease from east to west. However, there is still some disagreement regarding
the tectonostratigraphic evolution of this area, especially during the Pliocene and onward. The
present study attempts to synthesize geomorphic, structural, lithofacies, and deformation kinematics
of the area to infer the tectonostratigraphic evolution of the Bandarban Anticline and its adjacent
areas. Based on geomorphic attributes and fault-related deformation structures, two sets of faults,
longitudinal (NNW-SSE) and transverse (E-W), have been identified. The longitudinal faults are
thrust faults running through the flanks of the structure; the fault on the western flank is the main
thrust, while the fault on the eastern flank is the back thrust of the main thrust. The transverse
faults are strike-slip faults that partially control the course of the antecedent Sangu River. Three
major facies associations: shelf/shallow marine (FA-1; Lower Boka Bil/Upper Bhuban Formation),
tide dominating delta (FA-2; Boka Bil Formation), and fluvial (FA-3; Tipam and Dupi Tila for-
mations) have been revealed from the exposed rock formations suggest that the study area experi-
enced different depositional settings temporally and spatially. During post-Boka Bil deposition in
Pliocene-Pleistocene, the continued tectonics and/or sea level fall, the area emerged/uplifted sig-
nificantly and the Tipam and the Dupi Tila formations deposited under fluvial settings. This
late-stage tectonics is still going on and shaping the geomorphology of the area.
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tectonostratigraphy.
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1. Introduction

The Chittagong—Tripura Fold Belt (CTFB), which
is the folded flank of the Bengal Basin in eastern
Bangladesh represents the less intensely deformed
Cenozoic sediments in the foreland settings of the
outer Indo-Burman Ranges (IBR) (Najman et al.
2012, 2022; Betka et al. 2018; Yang et al. 2020;
Hossain et al. 2022; Khin et al. 2023). Exposed
Tertiary sediments consist of deltaic-shallow mar-
ine to fluvial deposits with the Surma Group at the
base, overlain by the Tipam Sandstone and Dupi
Tila formations, respectively. The coarsening
upward sequence and the sediment transport fab-
rics suggest basinward progradation of the deltaic
sedimentation and north-easterly source terrain
(Gilbert 2001; Rahman et al. 2020; Haque and Roy
2021). The Indian and Burmese plate’s collisional
history is well preserved in the CTFB sedimentary
record in the form of architecture and texture of
rocks, and deformation structures. The presence of
numerous folded structures and other essential
petroleum system elements with major faults and
associated gas seepages appealed to different
international oil and gas companies for drilling in
the area in the 1990s (Chowdhury et al. 2022;
Imam 2022; Shamsuddin 2022). However, due to a
lack of discoveries, the folded structures of the
CTFB remained poorly studied with regard to
surface and subsurface geology. In this context, an
attempt has been made to study the sedimento-
logical, stratigraphic, structural, and active tec-
tonics of the Bandarban Anticline, one of the
prominent structures of the CTFB, for further
hydrocarbon  exploration and development
activity.

The Bandarban Anticline (figure 1a) is situated
within the western fold-thrust zone (WFTZ) of the
CTFB (Bakhtine 1966; Hossain et al. 2022). The
folds in the CTFB grown progressively westward
and to the west of the Thrust Front (i.e., Chit-
tagong Coastal Fault or CCF), the anticlines are
broad and low relief structures (Wang et al. 2014;
Steckler et al. 2016; Betka et al. 2018; Hossain et al.
2019) and therefore, their deformation intensity
decreases from east to west. Accordingly, older
sediments (i.e., Lower Bhuban Formation) are
exposed along the axial zone of the eastern highly
compressed fold-thrust zone (EFTZ) and relatively
younger sediments (i.e., Upper Bhuban and Boka
Bil formations) are exposed along the axial zone of
the WFTZ (Hossain et al. 2022). The commence-
ment of the folds in the CTFB area is assumed to
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have started since the Pliocene or even later as an
accretionary wedge (Maurin and Rangin 20009;
Najman et al. 2012; Khan et al. 2018). The struc-
tural trend and topographic relief of the Bandarban
and its adjacent structures have similarities. Most
of these structures are traversed by a dendritic
drainage network of small streams and streamlets,
controlled mostly by tectonics as well as lithology
(Khan et al. 2017). Some of the anticlinal struc-
tures (e.g., Bandarban, Gobamura, and Sitapahar)
are cut by the antecedent rivers (Valdiya 1996).
Bandarban district town, mainly located to the
north of the eastern flank of the Bandarban Anti-
cline, is one of the important hilly towns of Ban-
gladesh with a considerable number of inhabitants
and infrastructures. The town and its adjacent
areas are also some of Bangladesh’s most impor-
tant tourist destinations due to its serenity, lush
greenery, topographic beauty, and rafting oppor-
tunities in the Sangu River. Due to rapid and
unplanned urbanization, the area has been sub-
jected to major landslide hazards and has caused
human casualties in the last few years, especially
during heavy monsoon downpours. Limbs of the
Bandarban and other high-relief anticlines of the
CTFB area are locally thrusted with opposite
vergent (i.e., to the east and west), some of which
are possibly earthquake-inducing major thrust
faults (Steckler et al. 2008; Wang et al. 2014;
Hossain et al. 2019). As per the Bangladesh
earthquake zonation map (BNBC 2020; Hossain
et al. 2020b), Bandarban is situated in Earthquake
Zone II. The presence of fault scarps, small incised
streams, sharp stream bends, large-scale landslides,
and quite a few earthquakes in the recent past
suggest the neotectonic activity in the study area.
Several studies have been done in the CTFB and
its adjacent areas to understand the geology,
structure, tectonics, and geodynamics (Evans 1964;
Holtrop and Keizer 1970; Johnson and Alam 1991;
Reimann 1993; Gani and Alam 1999; Alam et al.
2003; Maurin and Rangin 2009; Najman et al. 2012;
Dina et al. 2016; Steckler et al. 2016; Betka et al.
2018; Mallick et al. 2019; Rahman et al. 2020; Yang
et al. 2020; Hossain et al. 2020a, 2022; Biirgi et al.
2021; Oryan et al. 2023). All these studies focus on
the overall geology of the CTFB in the regional
context. However, no study has been conducted on
the stratigraphy, structure, tectonics, and active
tectonics of the Bandarban Anticline. Therefore, in
this research, the surface geology and structural
data are incorporated with the subsurface geology
to surmise the stratigraphy, deformation structures,
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and kinematics of the area. One of the key purposes
of this study is to record and interpret the exposed
stratigraphy, lithofacies, deformation structures,
and active tectonics based on toposheet, satellite
images, geological fieldwork, sampling, and desk-
top analysis. The research has broad implications
for enhancing the understanding of the overall
stratigraphic, structural, and tectonic evolution of
the CTFB area of the Bengal Basin as a whole.

2. Geomorphological and geological settings

Geographically, the Bandarban Anticline lies
between the latitudes 21°18-22°25'N and longi-
tudes 92°10'-92°35'E (figure 1b). Physiographi-
cally, the structure is bordered on the east by the
Sakudaung and Gilasari anticlines; on the north by
the Sitapahar Anticline; on the west by the Patia
and Matamuhuri anticlines; and on the south, the
structure merges with Mowdak Anticline and then
continue as single structure into Myanmar (Hos-
sain et al. 2020a).

2.1 Geomorphology

The CTFB area has a distinct geomorphological
character compared to the rest of the Bengal Basin.
Brammer (2012) classified Bangladesh into 24
physiographic sub-regions. Most of the CTFB area,
including the Bandarban Anticline, is named the
‘northern and eastern hills’ (Brammer 2014). The
Bandarban Anticline is about 100 km long, ~10
km wide, and mostly hilly terrains with Tertiary
sedimentary rocks. In this structure, the hills’
average elevation is ~450 m above mean sea level
(MSL), but two peaks rise to 800 m or more. The
DEM suggests that the elevation of the eastern
hills area is relatively higher than the western part
(figure 1a). The structure has a valley only on the
western side, which is linear in shape and parallel
to the structural trend (figure 2). The eastern side
valley is consumed by thrust faults with an en-
echelon fold.

Sangu River is the major antecedent river, which
mostly flows parallel to the structure with an
occasional sharp bend along the eastern flank of the
structure, then a bend to the west cut across the
northern plunge of the structure. The study area
and the CTFB as a whole are traversed by a net-
work of small streams and streamlets. They toge-
ther form a dendritic drainage network, follow the
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hill slopes, and are controlled by tectonic struc-
tures and lithological boundaries (Khan et al.
2018). Some of the major stream’s courses are
parallel to the main structural trend (i.e.,
NNW-SSE) and appear to be mainly structurally
controlled. The Sawlak Khal (i.e., stream) just
west of the anticlinal axis forms a longitudinal
valley within the anticline, which is supposed to be
developed along a fault line parallel to the fold axis.

2.2 Geology

The sedimentation in the eastern part of the Ben-
gal Basin is mainly controlled by Himalayan and
IBR orogeny and marine transgression-regression
cycles (Alam et al. 2003; Rahman et al. 2020; Yang
et al. 2020). Sedimentation mainly occurred in the
Cenozoic time, and the basin continuously filled up
through the progradation of the delta that accu-
mulated a huge deltaic sequence (Alam 1989; Alam
et al. 2003; Rahman et al. 2020; Yang et al. 2020).
The tectonic development of the eastern folded
flank of the Bengal Basin, i.e., the CTFB, is due to
the shortening and thickening of the upper part of
the huge deltaic sequence caused by the still-on-
going collision between the Indian and Burmese
plates (Steckler et al. 2008; Wang et al. 2014; Khan
et al. 2017; Yang et al. 2020; Rahman et al. 2020;
Hossain et al. 2022).

2.2.1 Tectonic setting

The Chittagong-Tripura Fold Belt (CTFB)
extending from the juncture of the Naga, Disang,
Dauki, and Halflong thrusts to the north and up to
the Arakan Trench in the south has been recog-
nized as the outer edge of the Indo-Burman Ranges
(IBR). This western Neogene outer edge of the IBR
is separated from the eastern Palacogene IBR
along the Kaladan Fault (Maurin and Rangin 2009;
Gahalaut et al. 2013; Wang et al. 2014; Betka et al.
2018; Yang et al. 2020). Geologically, the central
foredeep basinal part of the Bengal Basin is situ-
ated on the western side, whereas the Palaeogene
IBR is situated on the eastern side of the CTFB
and it is considered to be a young and active oro-
genic belt (figure 1). Structurally, the CTFB is
separated from the central foredeep of the Bengal
Basin to the west and IBR to the east by two
approximately N-S running major faults. The
eastern boundary of the CTFB is marked by the
Kaladan Fault, which is also known as the Tut
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Figure 2. Base observed geomorphic features — linear features identified on the drainage map based on streamlet/river

morphology/characteristics.

Fault, and the western boundary is transitional
and marked by the convex shape ‘Thrust Front’
represented by the Chittagong Coastal Fault
(CCF) (Betka et al. 2018; Hossain et al
2020a, 2022). Although the eastern Bay of Bengal’s
coast parallel CCF and Kaladan River parallel
Kaladan Fault are considered mostly as regional
thrust faults (Betka et al. 2018; Vorobieva et al.
2021; Hossain et al. 2022), Maurin and Rangin

(2009) considered that both the CCF and the
Kaladan has dextral-slip component. The CTFB is
tectonically deformed as a fold-thrust zone (i.e.,
mainly as echelon plunging folds and thrust faults)
(Davis 1996; Hossain et al. 2022). To the west of
the CTFB (i.e., into the current foredeep basin),
Indo-Burmese subduction-related deformation
continues, but the deformation intensity progres-
sively decreases from the thrust front towards the
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west and ceases along the deformation front (Betka
et al. 2018; Hossain et al. 2022; Oryan et al. 2023).
A young and gentle fold belt of ~80 km in width
slowly but continuously develops in the subsurface
between the thrust front and deformation front,
known as the emerging fold belt (Hossain et al.
2020a).

At the initial stage of the India—Eurasia and the
Indian-Burmese plates convergence, the present
day CTFB area was part of the Bengal Foredeep
(Alam et al. 2003). The commencement of the
CTFB as a separate structural entity in the eastern
part of the Bengal Foredeep Basin as an accre-
tionary wedge of the IBR is related to the oblique
subduction of the Indian Plate beneath the Bur-
mese Plate since the Pliocene (Steckler et al. 2008;
Maurin and Rangin 2009; Najman et al. 2012; Yang
et al. 2020; Oryan et al. 2023). As the subduction
continues, the eastern part of the Bengal Foredeep
Basin tectonically evolved as a frontal accretionary
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wedge, known as the CTFB or the folded flank part
of the Bengal Basin. In the last 2 Ma, the tectoni-
cally uplift of the Shillong Plateau and the result-
ing subsidence and sedimentary filling of the Sylhet
Trough facilitated the rapid westward propagation
and structural development of the CTFB (Maurin
and Rangin 2009; Hossain et al. 2021). Conse-
quently, the intensity and the age of tectonic
deformation gradually decrease westward from the
IBR to the CTFB. The CTFB area has been divi-
ded into two broad tectonic domains: (i) western
fold-thrust zone (WFTZ) and (ii) eastern highly
compressed fold-thrust zone (EFTZ) (Hossain et al.
2020a).

The subduction-related tectonics are deforming
the upper deltaic sediments of Tertiary Age
(table 1) that occur above a major basal detach-
ment at a depth of ~5-7 km in the CTFB area
(Sikder and Alam 2003; Steckler et al. 2008; Mau-
rin and Rangin 2009; Biirgi et al. 2021). In the last

Table 1. Stratigraphic succession of the Bandarban Anticline, Chittagong-Tripura Fold Belt (modified after Alam and Quaraishi

1985; Hossain et al. 2019, 2022)

Thickness  Depositional

Age (approx.) Group Formation Lithology max. (m) environment Tectonic events

Holocene Alluvium  Channel deposits comprise - Fluvial Folding in the eastern
sand, silt, pebbles and Bengal Basin and
boulders initiation of the

Plio-Pleistocene Dupi Tila Fine to very fine ferruginous ~ 600 Fluvial Chittagong Coastal
sandstone interbedded with Fault (CCF)
thick mudstone; numerous
mud clasts and quartz
pebbles in sandstone

Tipam Tipam Medium to fine-grained ~1,600 Fluvial Dauki Fault

yellowish-brown sandstone,
cross-bedded, ferruginous,
contains fossil wood, minor
intercalation of mudstone

Miocene Late Surma Boka Bil  Dark grey shale, sandy shale ~1,400 Tidal-deltaic ~ Shelf-slope setup, and

Miocene and sandstone; flaser-, initiation of the
wavy- and lenticular- Kaladan Fault at the
bedding dominant; eastern edge of CTFB
numerous calcareous fine at the Late Miocene
sandstones to siltstone
bands are present
Middle Bhuban Bluish gray shale; sandstone 2,500+ Shallow
Miocene and bands of calcareous marine

siltstone present in upper

part;

grayish sandstone
interbedded with shale and
mudstone in lower part
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2 Ma, these sediments above the master basal
detachment deformed through a combination of
thick-skinned and thin-skinned tectonic processes
and resulted in a series of ~NNW-SSE trending
curvilinear en-echelon plunging folds mainly to the
east (Maurin and Rangin 2009; Betka et al. 2018;
Hossain et al. 2019; Shahriar et al. 2020). In most
cases, longitudinal fold axis parallel thrust cuts
both the limbs of these anticlines (figure 1). The
geometry of the CTFB fold is attributed to tens to
more than 100 km long fold ridge along the strike,
the free westward migration of fold, longitudinal
west verging master thrust accompanied by east
verging back thrust (Khan et al. 2017; Hossain
et al. 2022). In some places, active macro gas
seepages were encountered during fieldwork in the
CTFB area, and these were also reported in earlier
studies. The presence of such seepages suggests the
potential presence of hydrocarbon in this area
(Boruah et al. 2022).

The present study area (figure 1b), i.e., the
Bandarban Anticline, mainly falls within the
western fold-thrust zone; the southernmost part of
this structure falls into the eastern highly com-
pressed fold-thrust zone. It is one of the largest and
structurally complex anticlines of the CTFB area,
which was previously unexplored in detail and is
supposed to provide further evidence for a proper
understanding of the Tertiary sediments and
deformation structures and will enable the inter-
pretation of the petroleum system in the CTFB
area.

2.2.2 Stratigraphy

The sedimentary sequence of the Chittagong—
Tripura Fold Belt (CTFB) consists of a wide
variety of siliciclastic sedimentary rocks from
sandstone to shale. The total thickness of the
exposed sediments in the Bandarban Anticline is
about 6000 m, which provides no difference in
overall lithology compared to the lithology of other
anticlines at the Chittagong—Tripura Fold Belt
(Alam and Quaraishi 1985; Khan 1991; Reimann
1993). The rock sequences of the Upper Bhuban,
Bokabil, Tipam, and Dupi Tila formations are
exposed in this anticline (table 1). This strati-
graphic succession is of Neogene in age and is
thought to deposit major deltaic to fluvial systems
due to repetitive transgressive and regressive pha-
ses that resulted from tectonic activities and rela-
tive sea-level changes (Alam et al. 2003).

Page 7 of 26 118

3. Methods

The study approach involves the synthesis of the
geomorphology, surface geology, lithofacies, and
deformation kinematics with the regional tectonics
and stratigraphy to determine the overall struc-
tural and tectonostratigraphic evolution of the
Bandarban Anticline. Geomorphology can be an
excellent tool for exploring the geology of an area
(Khan et al. 2018). Geomorphological observations
from the base map and their ground checking
through the field reconnaissance provide first-hand
knowledge of the structure and tectonics of an area.
Among the surface morphological attributes, drai-
nage morphology is mainly used in this study,
which includes (i) drainage initiation and conflu-
ence or convergent drainage, (ii) drainage bend or
offset, (iii) course of the drainage, (iv) scarp and
break in slope in the satellite images, and (v) the
presence of linear valley. These drainage morpho-
logical features are considered to infer the litho-
logical or structurally controlled linear features
prior to fieldwork. During the field investigation,
the attitude of the bedding and structural features
and the lithological features of the exposed sedi-
mentary sequences were recorded in detail, toge-
ther with their geo-referenced dataset. Both
structural (e.g., axial zone, fault) and lithological
boundary (e.g., unit or formation boundary)
datasets are then correlated with the drainage
morphological features, especially the knick points
from the drainage map. A drainage map of the
study area has been prepared based on the avail-
able 1:50,000 toposheets obtained from the Survey
of Bangladesh in conjunction with the Landsat 7
and 8 images obtained from the USGS (figure 2).
In the study area, surface outcrops are sparse
due to dense vegetation cover, rapid erosion of the
soft sediments, and ever-increasing settlement.
During the field investigation, data were collected
only from the road cut, the Sangu River cut, and
some major drainage cuts that traverse across the
structure. Lithological boundary and fault plane
identified along different transects were manually
extended across the transect with the help of a
hillshade image created from a DEM using the 30
m resolution SRTM images. Secondary datasets
related to the structure and tectonics of the
neighbouring regions were collected from the pub-
lished maps and then compared with this study’s
primary field dataset to see the present datasets’
consistency. Based on the bedding attitude, surface
lithology, exposed deformation structures (e.g.,
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Figure 3. Surface geology map of the northern part of the Bandarban Anticline mainly along the Chittagong—-Bandarban Road
cut section and the Sangu River section. The main datasets are primary field data, interpretation of the drainage map (figure 2),

and secondary published data (Rahman et al. 2020; Hossain et al. 2022). Note: Faults are marked with red lines, the fold axis is
marked with black line, and study locations are plotted as rectangles.

fault, joint), and drainage morphology, a geologic
map of the Bandarban Anticline has been prepared
(figure 3).

3.1 Bedding and deformation kinematic analysis

To quantify the geometry of the Bandarban Anti-
cline, the bedding attitude data (total n = 51) were
collected along different transects and from both
flanks of the structure (figure 4). The poles to the
bedding planes were plotted and analyzed on Sch-
midt’s equal area lower hemisphere projection
(Lisle and Leyshon 2004; Rowland et al. 2007)
using the software Stereonet v.11 (Cardozo and
Allmendinger 2013). The density contour diagram
of the bedding pole was constructed with Kamb
contour (Kamb 1959). The structural orientation

was determined using a cylindrical best fit of the
bedding plane poles (Hossain et al. 2022). The
bedding to mean pole orientation was determined
following the right hand rule (RHR), pi-axis ori-
entation, and the interlimb angle of the structure
was determined using the same software (All-
mendinger et al. 2012; Cardozo and Allmendinger
2013). Rose diagram based on the bedding strike
orientation was constructed with a 5° class inter-
val. To perform the kinematic analysis of the
mesoscale deformation structures, bedding and
fault slip attitude data (e.g., rake, displacement),

as well as their mutual relationship with respective

anticlinal structures, were measured, and oriented

field photographs, were taken and recorded during
field geological investigations. These datasets are
then processed and analyzed in the laboratory
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Figure 4. (a) The Google Earth Pro panchromatic satellite image showing the upstream Sangu River section. The location of
this image is marked in figure 3. Faults are marked with red lines. The yellow rectangles represent the locations of figures (b-d).
(b) Near vertical and highly compressed bed shows evidence of both thrust as well as shear movement. The possible sigmoidal
structure is marked by white outlines formed through intense deformation of the shale bed, indicating the shear movement. (c)
The well-developed sigmoidal structure indicates the top to the left (approximately eastward) shear movement. The length of
this structure is ~11 m. (d) Near the horizontal end segment of the east verging thrust. The white broken line marked the thrust
plane. The diameter of the coin in the picture is 2.5 cm. (e) Contractional duplex structure at the near horizontal part of the east
verging thrust. The duplexes are marked with white broken lines. The diameter of the coin in the picture is 2.5 cm. The location
of the figure is marked with a rectangle in figure (d). In all cases, a half-arrow indicates the direction of movement.

using appropriate software (e.g., Adobe Photoshop
CS6, Adobe Illustrator CS6).

3.2 Geological cross-section

A 2D structural model or geological cross-section
was prepared based on the field datasets and pre-
viously published section of the adjacent region to

comprehend the shortening of the Tertiary
sediments and structural pattern of the Bandarban
Anticline (Maurin and Rangin 2009; Najman et al.
2012; Khan et al. 2018; Burgi et al. 2021; Hossain
et al. 2022). For the geological cross-section, profile
lines are chosen across to the general trend of the
bedding and fault planes, which are parallel to the
NNW-SSE-directed structural trend. Hence, the
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formation layers and the fault planes in the
cross-section are predominantly oriented perpen-
dicular to the maximum direction of shortening
(Hossain et al. 2022). Dips of each layer and fault
planes projected along with strikes on the cross-
section. The existence of basal detachment and the
continuity of the subsurface structure was postu-
lated based on the available nearby seismic sec-
tions (Burgi et al. 2021), and the kink method was
used to project the surface data downward (Dahl-
storm 1969; Woodward et al. 1989). For the cross-
section construction, it is assumed that there was
no volume loss during the deformation after the
deposition of the Tipam Formation.

3.3 Sedimentological logging

The Neogene successions of the Bandarban Anti-
cline were measured and logged in detail in three
sections: the Chittagong-Bandarban Road cut
section, the Sangu River section, and the Shaila
Propat section (figures 8 and 9). The sedimentary
sequence is discontinuously exposed in all of these
sections. Only the Chittagong-Bandarban Road
cut section encompasses all four formations, from
the oldest upper Bhuban to the youngest Dupi Tila
Formation. In each section, the lithofacies were
described and interpreted in terms of lithology,
texture, sedimentary structures, and possible
cementing materials. The facies associations were
established based on the tempo-spatial relationship
and similarity of the lithofacies described with
regard to diagnostic sedimentary characteristics.

4. Result

4.1 Stream morphology

Eight linear features have been identified on the
drainage network map (figure 2) prior to fieldwork,
mainly based on the criteria of stream straightness,
stream offsetting/bend, stream initiation, conflu-
ence, and scarps and breaks in slope criteria. It is
presumed that the lines drawn on the drainage
maps possibly reflect some surface and subsurface
geological attributes of special interest, such as
fault, lithologic boundary, fold axis, etc. During the
field investigation, local surface geological features
have been compared and cross-checked with the
position and trend of the linear features. It is
observed that the general trend of these linear
features is NNW-SSE and is mostly parallel to
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each other. In general, most of the linear features
show greater longitudinal continuity and few of
them extend from one end to the other end of the
structure. In addition to the drainage network, the
antecedent Sangu River in the eastern and north-
ern parts of the structure shows at least ten sharp
bends within the study area.

4.2 Surface geology

A surface geological map (figure 3) of the Ban-
darban Anticline has been prepared along the
Chittagong—Bandarban Road cut section and
the Sangu River section mainly based on the geo-
logical fieldwork, satellite imageries, toposheets,
and previously published maps (Alam et al. 1990;
Davis 1996; Khan et al. 2018; Rahman et al. 2020;
Hossain et al. 2022). Structural features such as
fold axis and faults, and lithological boundaries
have been identified and extended up to limited
distances on both sides of the road cut and river
sections. Other deformation structures, such as
joints, cleavage, shear bands, etc., are also identi-
fied and correlated with the major structures (i.e.,
fault and fold) to understand the deformation
kinematics. Based on the lithological characters,
four rock units have been identified along the
Chittagong—Bandarban Road cut section and three
rock units have been identified along the Sangu
River section (table 1, and figure 3).

Two major faults have been identified in the
study area, which is mostly persistent, with
thickness varying from m to several tens of m, and
approximate lengths of more than 10 km. One fault
(060°/35°) was identified along the Chit-
tagong—Bandarban Road cut section, and another
fault (240°/34°) was identified along the Sangu
River section (figure 3). These two faults are par-
allel to the fold axis and longitudinally run through
the western and eastern flanks. These faults are
identified based on the abrupt change of bedding
attitude data (mainly dip amount), locally exposed
fault surface accompanied by fault-related defor-
mation structures (e.g., discontinuity and visible
displacement of the bedding, slickenside, breccia,
shear bends, drag fold, fault bend folds), and sharp
bends of the Sangu River course (along the eastern
flank and northern plunge of the structure). All
these features suggest that these two longitudinal
faults are thrust faults (figure 4). In the Sangu
River section, another set of faults is assumed to be
present, which are inferred based on the straight
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course of the river and the presence of deformation
features at the sharp bands. These faults are
roughly east—west oriented and approximately
orthogonal to the two longitudinal faults. Hence,
these faults can be named transverse faults. Due to
insufficient field evidence, the nature of these faults
is not clear.

The kinematic shear sense indicator related to
the thrust-shear zone was observed during the field
investigation in the Bandarban Anticline. This
deformation zone is best preserved in the Boka Bil
Formation, a thinly bedded shale unit with cal-
careous sandstone bands. Although thrust-shear
zones are observed in different parts of the Ban-
darban Anticline, they are well exposed in the
eastern flank along the upstream and downstream
parts of the Sangu River section. In general, the
thrust is west-dipping and east verging. The west-
dipping high-angle thrust fault (265°/32°) cuts
through gently dipping shale beds (070°/27°),
produces a contractional duplex and gradually
becomes horizontal in the up-dip direction at its
end and produces a sigmoidal structure (figures 4
and 5c¢). Growth strata unconformity has been
observed in the yellowish-brown poorly consoli-
dated sandstone with trough and planar cross-
bedding known as Tipam Formation exposed
within the Bandarban University campus. The
campus is located in the forelimb of the western
flank along the Chittagong—Bandarban Road cut
section (figure 5b). In the Sangu River section
(downstream), several east-verging and west-dip-
ping thrusts have been observed in the eastern
flank of the Bandarban Anticline, which is proba-
bly the branch of a major thrust. The major thrust
(240°/34°) is probably the northward continuation
of the Sangu upstream thrust (figures 2 and 5a, e,
f). A shear zone with a small thrust component has
been observed in the eastern flank near the Ban-
darban Bus Stand area (figure 5a, €). The expo-
sures on both sides of the road cut clearly show
well-developed shear zones in the Boka Bil For-
mation dipping opposite to that of the bedding.
The orientation of the exposure is EW and the
photographs are taken facing N (figure 5e, f).

4.3 Geometrical analysis of the bedding attitude
data

In the Bandarban Anticline, 83 bedding attitude
measurements have been collected for the fold
geometry analysis. In total, 54% of the
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measurements were taken from the western flank
and the remaining 46% from the eastern flank of
the structure. About 3% of the total measurements
were taken from the overturned beds and are only
used for density contouring for the determination
of the pole of the flanks using Stereonet v.11 (All-
mendinger et al. 2012; Cardozo and Allmendinger
2013). The poles to the bedding planes have been
superimposed on the pole density contoured dia-
gram, which was constructed using Kamb contour
(Kamb 1959) with contour interval 2, significance
3, and the counting grid nodes resolution 30. Based
on the mean contour value of each flank, a beta-
diagram of both flanks has been prepared
(figure 6). Based on the intersection of the east
flank (243°/55°) and west flank (047°/37°), the fold
axis (327°/8.5°) and interlimb angle (~130°) of the
fold have been determined. The stereographic
analysis (figure 6) and mapping of the bedding
orientation data (figure 3) reveal that the Ban-
darban structure is an asymmetric anticline. The
orientation of the anticline is ~327°, which is
gently plunging (~8.5°) to the north.

4.4 Sedimentary facies analysis

The facies that are identified in the Bandarban
Anticline are summarized in (table 2) and their
genetic relationships are shown in figures 7 and 8.
These facies are categorized based on their litho-
logic characteristics because of the lack of any
fossils and grouped into sandy- and muddy-litho-
facies. They are further subdivided on the basis of
textural properties, presence or absence of any
sedimentary structure, bedform size, colour, the
presence of clasts and their types.

4.5 Facies associations

The lithofacies identified in the Upper Bhuban,
the Boka Bil, the Tipam Sandstones and the Dupi
Tila formations of the Bandarban Anticline are

grouped into three major facies associations: FA-1,
FA-2 and FA-3 (figures 7 and 8).

F A-1: This facies association is found in the Upper
Bhuban Formation of the Shaila Propat section,
which comprises a thick, muddy sequence that is
typically laminated to thinly bedded with silt
streaks and lenses but occasionally massive bedded
(figure 7a). The lithofacies found in this facies
association are mudstone (C,,), mudstone with fine
sand/silt streak (Cg), shale with fine sand/silt
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Sandstone

Figure 5. Structures observed in the Bandarban Anticline. (a) The Google Earth Pro panchromatic satellite image showing the
Chittagong—Bandarban Road cut section. Faults are marked with red lines, and the axis is marked with white broken line. The
yellow rectangles represent the locations of figure (b-e). (b) A local angular unconformity (white dotted line) separates
subhorizontal beds (above) from gently tilted (S,, S75°W/12°) strata below, and is interpreted to be a growth strata
unconformity. (c¢) Geometry and kinematics of the west-dipping thrust, which shows a visible displacement (~1.5 m) of the
calcareous sandstone band (CSB) on the opposite side of the fault plane. (d) The well-developed sigmoidal structure clearly
indicates the top to the left (approximately eastward) shear movement just above an east-verging and west-dipping synthetic
thrust. The hammer length in the picture is 0.30 m. (e) Shear bends with minor thrust components developed in the Boka Bil
Formation. More than two shear bends with decimetre to centimetre scale displacement have east-verging (half arrow) and west-
dipping shear plane. Along the shear plane, shale beds are highly compacted and are subjected to brittle-ductile deformation. Red
dotted lines outline the shear planes, whereas white dotted lines outline the bedding planes (Sp). CSB: calcareous sandstone band.
Rectangle marked the position of the latter figure (f). In the picture, the man is 1.64 m long. (f) Zooming of figure (e) demonstrates
the well-developed shear planes (marked with red dotted lines) with two Riedel shear sets. The shear plane kinematics (marked
with half arrows) is clearly marked by the curved, thin shale beds along the shear plane. The Reidel shear (R) and the antithetic
Reidel shear (R') (Swanson 1988) are marked with white and pink dashed lines, respectively. Approximately east—west principal
stress orientation (1) can be inferred based on the orientation of the Reidel shear and the antithetic Reidel shear. The shear
plane kinematics is marked with half arrows. The pencil length in the picture is 0.12 m.
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Figure 6. The stereographic analysis of the bedding orientation. The pole point diagram is superimposed on the pole density
contour diagram. The data were measured from the road cut and river sections on both flanks of the Bandarban Anticline. The
analysis reveals asymmetric, west-verging, north-plunging, and open fold nature.

lenses (Shy), silty shale with fine sand/silt lenses
(S1Shys), and mudstone with fine sand/silt lenses
(Cis) with occasional calcareous sandstone band
(S.) (figures 9a, b).

F A-2: This facies association is found mainly in the
Boka Bil Formation of the Bandarban Anticline. In
this facies association, different lithofacies such as
sandstone (S), sandy shale (SSh), mudstone (C) and
shale (Sh) occur alternatively and show different
types of sedimentary structures of which lenticular-,
wavy- and flaser-beddings are dominant. The FA-2
can be divided into three sub-facies associations:
FA-2a, FA-2b and FA-2c (figure 7b—f).

The detail logs of exposures located at the
Chittagong—Bandarban road cut section
(figure 7b-d) and the Sangu River section
(figures 7e, f) represent FA-2a. This sub-facies
association is characterized by repeated fining-up-
ward successions of flaser-bedded sandstone (Sy),
wavy-bedded sandy shale (SSh,,) and lenticular
bedded shale (Shy,) lithofacies (figures 9c—e) with

occasional bedded mudstone (Cp), massive
mudstone (C,,) and calcareous sandstone band (S.)
lithofacies (figure 9f). On the other hand, the sub-
facies associations FA-2b and FA-2c occur in jux-
taposition with FA-2a (figure 7b, d, e). The FA-2b
comprises trough cross-bedded sandstone (S;),
which contains numerous mud clasts, especially at
the erosion base of the lithofacies (figures 7e, 9g).
Besides, the thick massive sandstone with mud
clasts (Sp.) lithofacies in the Bandarban road cut
section (figures 7b, 9h) is also considered to be a
part of sub-facies association FA-2b as it contains
numerous mud clasts. However, the FA-2c is found
only in the Chittagong—-Bandarban Road cut sec-
tion (figure 7d), which consists of thick, massive
sandstone lithofacies (S,,) (figure 9i).

FA-3: Only five lithofacies are identified in this
facies association for which the facies code of Miall
(1978) is used. These facies are trough cross-bedded
sandstone (S;), planar cross-bedded sandstone (S,,),
ripple cross-laminated sandstone (S, ), alternation of
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Table 2. Summary table of lithofacies identified in the Neogene succession of the Bandarban Anticline, Chittagong-Tripura Fold Belt.

Lithofacies/
Facies thickness Sedimentary
code (cm) structures Description Interpretation
Sandy lithofacies
St Trough Trough cross- Fine to medium-grained, moderate Deposited due to migration of
Cross- bedding to poorly sorted, yellowish-brown  dunes during high energy
bedded colour, some beds are gray condition (lower flow regime),
sandstone coloured such condition occurs mainly in
(~20-100) both channel and bar
Sp Planar cross- Planar cross- Fine to medium-grained sandstone; Deposited due to lateral accretion
bedded bedding yellowish-brown, poorly to of bars within channel
sandstone moderately sorted; unconsolidated
(~10-30)
S Massive Massive Fine-grained massive sandstone; Formed through rapid deposition;
sandstone well sorted; light gray in colour internal structure of the sandstone
(~10-170) beds might be destroyed due to
weathering effect
Sie Massive Massive Fine- to medium-grained, massive  Also formed through rapid
sandstone sandstone; light gray in colour; deposition; presence of mud clasts
with mud moderately sorted; have numerous indicates erosion of previously
clasts mud clasts deposited clay/mud beds due to
(~10-250) high energy current flow which
transported these clasts and then
redeposited when flow velocity
decreased; such condition occurs
mainly in channel
S¢ Flaser- Flaser-bedding Fine to very fine-grained, light gray Formed in lower intertidal to
bedded sandstones; matrix dominating; subtidal zone where current
sandstone muds are deposited on ripple velocity is generally high (lower
(10-25) troughs forming flaser-bedding flow regime condition), that leads
to the migration of sand ripples;
because of periodic breaks in the
current flow, muds were deposited
as streaks within sand ripples
S, Ripple cross- Ripple cross- Fine- to very-grained, moderately =~ Deposited in lower flow regime
laminated lamination sorted, yellowish sandstone; conditions where moderate flow
sandstone asymmetric ripples velocity allowed the migration of
(~20) current ripples
Se Calcareous Mainly Fine- to very fine-grained, light Cross-lamination were formed due
sandstone structureless; gray, calcareous sandstone band; to migration of current ripples;
(~5-10) occasionally very hard and compact but in most cases, sandstone are
low angle cross- highly cemented that destroyed
laminated the depositional structures
Muddy lithofacies
Sh; Shale Lamination Gray colour; fine sand/silt streaks — Intermittent deposition of mud in
(~5-30) are present low energy condition that allow
settling of suspended fine
sediments
Shyg Shale with Lamination; fine Dark grey shale with discontinuous Settling down of suspended loads in
fine sand/ sand/silt lenses  to continuous fine sand/silt thin calm water periods; whereas the
silt lenses lenses, highly bioturbated lenses of fine sand/silt were
(~10-80) formed due to migration of ripples

during intermittent low energy
current flow; suitable condition for
living of burrowing organisms.
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Table 2. (Continued.)
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Lithofacies/
Facies thickness Sedimentary
code (cm) structures Description Interpretation
Shy, Lenticular-bedded Lenticular- Gray to light gray colour shale Formed in tidal environment,
shale bedding with thin, fine sand to silt especially supratidal zone, where
(~10-20) lenticles/lenses. Most lenses are of mud deposited on top of ripples
various dimensions and both during periods of slack water.
isolated and weakly connected in Mud dominating low energy
nature depositional system
SSh,  Wavy-bedded Wavy-bedding Gray colour sandy shale; sand Formed in tidal environment
sandy shale (~5-12) lenses are connected (intertidal zone), where both mud
to each other formed thin cross and sand were available; mud
lamination deposited during slack-water
period, whereas cross-laminated
sand formed due to migration of
ripples during flows of tidal
current
SIShys  Silty shale with fine Lamination, fine Gray colour silty shale with Deposited from mixed-load
sand/silt lenses sand/silt lenses  relatively thick fine sand/silt suspension; intermittent low energy
(~10) lenses, some are continuous condition
Cu Mudstone (~15) Massive Dark gray colour mudstone Continuous deposition of mud
with no internal structure due to suspension settling in low
energy condition
Cy Bedded Bedding Bluish gray, thickly bedded Intermittent deposition of mud
mudstone (~20) mudstone; argilaceous due to suspension settling in low
energy condition
Cq Mudstone Massive Dark gray colour mudstone
with fine sand/silt with discontinuous fine sand/silt
streak (~50-80) streak; bioturbated
Ci Mudstone with fine Thinly bedded Dark gray mudstone; contain fine Suspended loads deposition in
sand/silt lenses fine sand/silt sand/silt lenses which are not calm waters; intermittent flow of
(~20-40) lenses connected to each other; currents caused the migration of
bioturbated ripples forming the isolated fine
sand/silt lenses
" Alternation of Lamination Finely laminated mud with Settling of suspended loads with
laminated mud very fine sand interlaminae; mud intermittent very weak current
and fine sand layers are gray coloured, whereas flow; probably deposited on
(~40) sand layers are yellowish-brown; bar top and subordinately
sand layers are structureless on flood plain; depositional
structure in sand layers
is hard to identify due to
weathering
Fu Massive Massive Dark gray to bluish gray mud, Settling of suspended loads in
mud mostly structureless, prolonged calm water

occasionally shows fine
lamination

condition over
flood plains

laminated mud and fine sand (F)), and massive mud
(F.,) (figure 8). This facies association is found in the
Tipam and the Dupi Tila formations.

Dominant lithofacies in the Tipam Formation
are Sy and S, (figures 10a, b) with minor interca-
lation of F,, facies. These sandstone deposits are
moderately sorted and contain numerous clay galls

(figure 10c), some of which are several centimetres
in diameter (figure 10d). The overall succession
shows several fining upwards sequences in which
erosion surfaces are identified at the bases of facies
Si; relatively fine-grained lithofacies S, are depos-
ited over it and both these facies are sometimes
separated by thin F, facies (figures 8a, b).
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Figure 7. Detailed sedimentological logs of the Bhuban and the Boka Bil formations from the Bandarban Anticline showing
characteristic lithology, texture, sedimentary structures, and lithofacies. The right-marginal column shows the possible genetic
interpretation of facies associations. See table 2 for the explanation of lithofacies. Lithofacies that are difficult to identify are
marked by question marks. CBRCS: Chittagong-Bandarban Road cut section.
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Figure 9. Photographs showing lithofacies of the Bokabil and the upper Bhuban formations of the Bandarban Anticline: (a)
Mudstone (Cy,) facies in the Shaila Propat section. (b) Mudstone with fine sand/silt streak (Cs) facies in the Shaila Propat
section (35 cm long hammer for scale). Both C,, and Cy are highly deformed due to tectonic activity. (c-e) Lenticular-bedded
shale (Shy,) facies, wavy-bedded sandy shale (SSh,,) and flaser-bedded sandstone (S;) facies in the Chittagong-Bandarban Road
cut section (in Meghla Tourist Complex). (f) Flaser-bedded sandstone (S¢) lithofacies in between massive mudstone (C,,) and
bedded mudstone (C},) facies in the Chittagong-Bandarban Road cut section. Coin (2.5 cm diameter) for scale. (g) Tidal channel
with trough cross-bedded sandstone (S;) and overlying tidal flat deposits at the Sangu River section. 15 cm long pen for scale. (h)
Massive sandstone with mud clasts (S,,.) lithofacies which is overlaid by tidal flat deposits at the Chittagong-Bandarban Road
cut section (location of sedimentological log in figure 3). 35 cm long hammer for scale. (i) Sharp contact between massive
sandstone (S,,) lithofacies and tidal flat deposits (location of sedimentological log in figure 3). Hammer (35 cm) for scale.

On the other hand, this facies association in the
Dupi Tila Formation is mud dominant. Detail log
of location-1 at the Chittagong—Bandarban Road
cut section (figure 8¢) shows two prominent erosion
surfaces above which small-scale trough cross-

bedded sandstones (S;) with mud clasts are
deposited (figure 10e). These trough cross-bed sets
are several centimeters thick. Two isolate beds of
facies S, occur within fine-grained facies, i.e., F;
and F,, lithofacies (figure 8c).
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Figure 10. The lithofacies in the Tipam and the Dupi Tila formations at the Bandarban Anticline: (a) Large trough cross-
bedded sandstone (S;) overlaying the planar cross-bedded sandstone (S,,) at the Chittagong-Bandarban Road cut section. 30 cm
ruler scale for image scale. (b) Trough cross-bedded sandstone (S;) and planar cross-bedded sandstone (S,) at the Chit-
tagong-Bandarban Road cut section. Hammer for scale (35 cm long). (¢) Clay galls found in lithofacies S; at the
Chittagong-Bandarban road cut section. Coin for scale (2.5 cm). (d) Large clay gall (~15 cm diameter) in S; lithofacies at
the Chittagong-Bandarban Road cut section. (€) Trough cross-bedded sandstone lithofacies (S;) overlaying by the alternation of
laminated mud and fine sand (F}) at the Chittagong-Bandarban Road cut section. These lithofacies are found in the lower Dupi

Tila Formation.

5. Discussion

5.1 Surface geology and structure

The Bandarban Anticline (figure 1b) is situated
approximately in the middle of the CTFB, which is
an NNW-SSE oriented anticline developed
through buckling and fault propagation folding in
mechanically heterogeneous layered of Neogene
sediments (Das et al. 2022; Hossain et al. 2022).
This younger western IBR, fold-thrust belt formed

as an accretionary wedge linked to the hyper-obli-
que convergence of the Indian and Burmese plates
and has been dated at ~2 Ma and continues to the
present day (Maurin and Rangin 2009; Najman
et al. 2012; Oryan et al. 2023). Hence, the present-
day surface geology and geomorphology of this area
reflect the equilibrium between tectonic uplift,
erosion, and alluvial deposition (Khan et al. 2018).
Anticlinal ridges, linear valleys, and streamlet/
river, particularly the incised Sangu River, are the
significant geomorphic features of the study area.
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Hill slopes of the study area are controlled by tec-
tonics and, in turn, control the stream network.
The area is traversed by a dendritic drainage net-
work of small streams and streamlets/chara.
Stream morphological attributes (i.e., initiation of
new streams, convergent drainage, offset streams
and scarps, and breaks in slope) seem to be formed
either due to the fault or lithological changes
(figure 2). Linear features are drawn on the drai-
nage map based on the stream morphological
attributes and then cross-checked with the surface
geology (lithology as well as structures), as shown
in figure 3. In most cases, the linear features drawn
in figure 2 coincide with the geological boundaries
(either lithological or structural, figure 3). Two
major longitudinal and few transverse faults are
seemed to be thrust and strike-slip faults, respec-
tively, as indicated by surface deformation features
(figures 4 and 5). Additionally, the antecedent
Sangu River (Valdiya 1996; Fryirs and Brierley
2010) is most likely structurally controlled, as
indicated by the field and satellite remote sensed
observations. Observed deformation structures
along the seven sharp bends of the Sangu River in
the eastern flank and northern plunge of the Ban-
darban Anticline suggest that the NNW-SSE and
W-E orientated faults are mainly thrust and
strike-slip faults, respectively. The fault orienta-
tion (figure 3) and their related deformation kine-
matics (figures 4 and 5) are well constrained by the
orientation of the regional maximum compressive
stress (approximately E-W to ENE-WSW direc-
ted compression) of the CTFB (Angelier and Bar-
uah 2009; Betka et al. 2018; Hossain et al. 2022).
The linear valley that has been observed in the
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western flank along the Chittagong-Bandarban
Road cut section, which overlaps with field-in-
dented thrust fault, possibly suggests the presence
of a strike-slip component of this thrust (Replumaz
et al. 2001; Duvall and Tucker 2015; Khan et al
2018). Therefore, it is clearly evident that for
accurate identification of the lithological bound-
aries as well as structural features in the field,
systematic interpretation of the base observed
geomorphic features can be used as an important
guided tool.

The stereographic analysis of the bedding atti-
tude data demonstrates that the orientation of the
axis of the anticline is ~327° with a gentle
plunging (~8.5°) to the north (figure 6). However,
it is worth mentioning here that this dataset is
collected along the two sections (i.e., road cut and
Sangu River), which are approximately from the
northern part of the structure. Hence, it is impos-
sible to comment on whether the structure is
plunging to the south. The analysis also reveals
that the Bandarban Anticline is asymmetrical with
an axial surface orientation (i.e., dip direction and
dip amount) of 239°/81° and an interlimb angle of
126°. The longitudinal thrusts in the western flank
are west-verging and east-dipping, which are the
direct result of Indian and Burmese plate collisions
and are the dominant thrust system of the area.
The thrust in the eastern flank is west-dipping and
east-verging. As the west-dipping thrust has ver-
gence opposite the dominant trend of a thrust
system, this thrust is designated as the back thrust
of the west-verging master thrust. Most of the
compressional stress and associated strain has been
taken up by movement along these thrusts,

West «<— —> East
km km
0.2 hic surface — 0.2
1 DupiTila Topograp™! B
0—— — ~ -0
Tipam // UpperBhuban
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. /'7
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»
o
0 25
km
5.0+ 5.0
X Basal Detachment Y

Figure 11. Schematic 2D structural model along the line XY — the Chittagong-Bandarban Road cut section (position of the line
XY is shown in figure 3). Note: The purple lines are the lithological boundaries, and the solid red lines are the thrust.
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resulting in wedge-shaped upliftment of the central
part, possibly due to cessation of the propagation
along the decollement, but displacement on the
thrust behind the fault tip is continuing. The 2D
structural model/cross-section of the structure
(figure 11) is constructed based on the detailed
geological field observations and measurements
(figures 3-5) along the Chittagong—Bandarban
Road cut section and clearly reflects the nature of
the anticline (i.e., fault propagating fold).
Tectonically, the Bandarban Anticline is located
at the central portion of the folded flank of the
Bengal Basin (i.e., CTFB, figure 1b) (Hossain et al.
2022). The structure is amalgamated with the
Mowdak structure in the southern part and con-
tinues to the Myanmar terrain in the south. As of
the majority of the CTFB anticlines (Sikder and
Alam 2003; Mandal et al. 2004; Maurin and Rangin
2009; Najman et al. 2012; Betka et al. 2018; Khan
et al. 2018; Burgi et al. 2021; Hossain et al. 2022),
both flanks of this structure are faulted, and these
faults mostly accommodated dip-slip thrust com-
ponents and trifling strike-slip components. Kine-
matic analyses of the Bandarban Anticline suggest
that this structure results from east-directed sub-
horizontal shortening, which is orthogonal to the
fold axial plane. Extensive paleostress analysis of
the CTFB structures by Hossain et al. (2022)
revealed no evidence of substantial strike-slip
faulting or transpression. Hence, the measured
approximately E—-W shortening orientation based
on the fault’s kinematics (figures 4 and 5) is con-
sistent with the maximum horizontal stress orien-
tations derived from the absolute plate motion
direction and earthquake focal mechanism solu-
tions by Hossain et al. (2022). Recent geodynamic
observations suggest that subduction in this region
is active (Gahalaut et al. 2013; Heidbach et al.
2016; Steckler et al. 2016; Mallick et al. 2019). A
few moderate and one-large magnitude earth-
quakes have been recorded in the CTFB region
(Hossain et al. 2019). The Bandarban earthquake
in 1997 (M, 6.1) is well-known among these
earthquake events. Surface geomorphology, geo-
dynamic observations, and earthquake occurrence
suggest that the Bandarban Anticline and its sur-
rounding structures are tectonically active.

5.2 2D structural model of the study area

A 2D structural model or the geological cross-sec-
tion has been constructed (figure 11) along the
Chittagong—Bandarban road cut section based on
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the satellite imagery, drainage morphology
(figure 2), surface geology, bedding attitude data,
and fault locations based on the fieldwork
(figure 3), and extracting regional structural style
from the previous investigations (Sikder and Alam
2003; Steckler et al. 2008; Maurin and Rangin 2009;
Hirschmiller et al. 2014; Khan et al. 2018; Burgi
et al. 2021; Hossain et al. 2022). Careful field
investigation suggests that the folds and thrust
faults have been developed concurrently or at later
times, which is similar to the regional structural
styles. Structural styles from 2D seismic sections in
nearby structures also suggest similar results. Both
flanks of the structure are thrusted and dip towards
the core of the structure and are connected to lower
detachment. The location of the thrusts, their dips,
and vergence are determined based on the fault
attitude, kinematic interpretation of the deforma-
tion features, and drainage morphological features.

5.3 Paleoenvironmental reconstruction

The lithofacies characteristics and their corre-
sponding facies associations found in the upper
Bhuban, the Boka Bil, the Tipam Sandstones and
the Dupi Tila formations of the Bandarban Anti-
cline give evidence of deposition of the sedimentary
sequence from shallow marine shelf (FA-1) through
marginal marine tide dominating delta (FA-2) to
continental fluvial (FA-3) depositional settings
(figures 7 and 8), suggest a basinward progradation
of this Neogene succession. Some authors (e.g.,
Haque and Roy 2021; Huq et al. 2000) suggest that
the exposed sedimentary sequences of the Ban-
darban Anticline are turbidite deposits of sub-
marine fans. However, observations of this study
strongly suggest progressive deposition of these
sediments in the continental shelf—tide dominating
delta—fluvial depositional environments. However,
there is a possibility to find the turbidite sequence
in the lower Bhuban Formation, which is not
exposed in the study area, but such type of sub-
marine fan deposits was observed in the equivalent
lower Bhuban Formation of other structures of the
Chittagong—Tripura Fold Belt (Gani and Alam
1999, 2004).

The continental shelf deposits are represented by
the mud dominating facies association FA-1
(figure 7a). Such type of facies association is also
reported by Gani and Alam (1999) in the nearby
Sitapahar Anticline of the CTFB. However, the
lack of cross-bedding and hummocky cross-strati-
fication suggest that this sequence was deposited in
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the mid to deeper part of the shelf below storm
wave-base where muddy sediments were deposited
in low energy conditions due to suspension settling,
but intermittent current flow caused the migration
of ripples, those were preserved as lenses. However,
some of the lithofacies were difficult to identify due
to tectonic deformation, as the Shaila Propat sec-
tion is located at the axial zone of the anticline
(figure 3). On the other hand, the existence of
flaser-bedded sandstone (S¢), wavy-bedded sandy
shale (SSh,,) and lenticular bedded shale (Shy,)
lithofacies in the overlying facies association FA-2
reflects tidal current influence depositional envi-
ronment where repeated, small-scale alternations
in sediment transport conditions prevailed (e.g.,
Alam 1995; Gani and Alam 1999; Boggs 2006).
This facies association consists of different suben-
vironments such as tidal flat (FA-2a), tidal channel

Before 7 Ma

Yarlung
Himalayan wedge,

By ~2.0 Ma

Himalayan wedge
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(FA-2b) and tidal ridge (FA-2c) of a tide-domi-
nating delta (figures 7b—f, 12a) in which these
subenvironments occurred side by side and overlap
each other with local sea level fluctuations.

In tidal flat, the flaser-bedded sandstone (Sy)
units are deposited in lower intertidal to upper
subtidal zones, whereas mud and fine sand-domi-
nated wavy-bedded sandy shales (SShy,) are inter-
preted as intertidal deposit. The mud-dominated
lenticular bedded shale (Shy,) represents the upper
intertidal zone, which was intermittently merged
with the supratidal marsh of the tide-dominated
delta. Such a feature is observed in the Sangu River
section (figure 9g), where predominant shale (Sh)
lithofacies could be deposited in low-energy
supratidal zone. The cyclic occurrences of sub-,
inter-, and supratidal deposits suggest that these
lithofacies were deposited during repeated cycles of

—p Major sediment source
=== Subordinate source

Figure 12. Generalized models for the tectonosedimentary evolution of the Bandarban Anticline and its adjoining areas (marked
by red box in indexed figures which are after Govin et al. 2018): (a) during Mid-late Miocene and (b) during Pliocene-Pleistocene.
Sea-level fluctuations during deposition of these sedimentary sequences were not considered in this model.
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progradation (Boggs 2006). In contrast, the occur-
rences of trough cross-bedded sandstone (S;) in the
Sangu River section (figures 7e, 9g) suggest depo-
sition most likely in tidal channels, which occurred
in juxtaposition with tidal flat deposits. This
lithofacies contains numerous mud clasts, especially
near the erosional surface of the channel. However,
the thick, massive sandstone with mud clasts (S,,.)
lithofacies in the Bandarban road cut section
(figures 7b, 9h) can also be interpreted as channel
deposits. These mud clasts were formed by erosion
of previously deposited mud or clay beds due to
high energy current flow, which also transported
these clasts and then redeposited when flow velocity
decreased. Deposition of lithofacies S; and S, is
followed by the tidal flat deposits (e.g., lithofacies
Shy,, SShy, Sfand C,,), which suggest shifting of the
channel and producing a fining-upward sequence
(figures 7b, e). However, the identification of an
appropriate depositional condition of thick massive
sandstone lithofacies (S,,) in the Boka Bil Forma-
tion (figures 7d, 9i) is difficult due to the lack of
internal structure, but fine-grained and fairly well-
sorted characteristics and co-occurrence with tidal
flat facies association indicate that they are prob-
ably formed in tidal sand ridges/bars of tidal-
dominating delta depositional settings.

With delta progradation, a fluvial depositional
environment was established, which is suggested by
facies association FA-3 (figure 8). In the Tipam
Sandstone, the FA-3 is sand dominant and shows
several fining upwards sequences (figure 8a, b),
which hints at the deposition by multi-channelled
braided river system. The vertical stacking of bar
deposits is the result of multiple episodes of channel
shifting and bar migration in braided rivers (Miall
1996; Boggs 2006). In contrast, mud-dominant FA-
3 in the Dupi Tila Formation (figure 8c) suggests a
meandering river depositional setting. Such types of
deposits are also reported in the Dupi Tila Forma-
tion of the Sylhet Trough, which was deposited by a
meandering river system (Gani and Alam 2004). In
this case, decreasing flow velocity produced the
fining upward cycles, and both channel and bars are
confined within thick flood plain deposits.

6. Tectonostratigraphic evolution

Geomorphology, geological field mapping, struc-
tural observations, fold geometry, and deformation
kinematics suggest that the Bandarban Structure
is an asymmetric, west-verging, high-amplitude
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anticline that is gently plunging to the north
(figure 6). To the east and west, two major N-S
trending high-angle reverse faults have been iden-
tified running almost the entire length of the
structure based on the presence of abrupt change in
bedding dip amount, discontinuity of the bedding,
major drainage offset, linear valleys and ridges, and
fault-related deformation structures (figures 4 and
5). However, previous studies (Haque and Roy
2021 and references therein) did not report these
two major faults of the Bandarban Anticline. The
tectonostratigraphic evolution of the study area
broadly divided into two stages: stage 1 is the
deposition of the sediments in the Bandar-
ban Anticline and its adjacent areas, and stage 2 is
the development of the Bandarban Anticline as a
part of the CTFB during India~Burma collision. A
simplified tectonostratigraphic evolution model of
the Bandarban Anticline proposed in this study is
shown in figure 12.

Stage 1: Sedimentation in the present Bandarban
Anticline and its adjoining areas was the conse-
quence of the gradual filled-up of the Bengal Basin
by the progradation of the delta over shelf deposits
(figure 12a). The thick deltaic sequence of the area
suggests that these were deposited prior to any
tectonic deformation. The principal sediment
source of this deltaic sequence was the rising
Himalaya since the paleo-Brahmaputra flowed
directly south-southwest and transported Hima-
layan sediments to the Bengal Basin (Govin et al.
2018). However, the consequences of delta progra-
dation and the gradual fall of eustatic sea level
during the Pliocene-Pleistocene, a fluvial domi-
nating depositional settings, were established in
the study area where the Tipam Formation began
to be deposited.

Stage 2: Pliocene-Pleistocene-Recent tectonos-
tratigraphic evolution of the Bandarban Anticline
was controlled by the origin and development of
two major reverse faults and the glide along the
major basal decollement (figure 6) and was possibly
directly associated with the westward propagation
of the outer Indo-Burmese wedge due to the sub-
duction of the Indian Plate beneath the Burmese
Plate. The latest episode of structural activation,
which creates the folding in the outer Indo-Burman
wedge (i.e., CTFB), has possibly occurred during
or immediately after the deposition of the Tipam
Formation (i.e., during the Pliocene-Pleistocene).
After the initial development of the fold and its
subaerial exposures, the strata were subjected to
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dominant brittle rock deformation and activated
the in-sequence thrust and back thrust in the
forelimb and backlimb, respectively. These reverse
faults resulted in a rapid uplift of the Bandarban
Anticline, which was subsequently subjected to
erosion due to convergence tectonics from the Late
Pleistocene to Recent. The continued collision-re-
lated tectonic uplift and consequent erosion are
also coeval with the last glaciation maxima-in-
duced eustatic sea level fall during the Late Pleis-
tocene. The Bandarban Anticline, which is situated
in the middle of the CTFB area, is subjected to the
approximately E-W compressional force resulting
from the Indo-Burmese hyper-oblique collision
(Mitchell 1993; Maurin and Rangin 2009; Wester-
weel et al. 2019; Najman et al. 2022). Resultant
rapid westward propagation of the outer IBR and
coeval uplift of the Shillong Plateau as a pop-up
structure closed and shifted the SSW-directed
paleo-Brahmaputra course to its present west-di-
rected course (figure 12). Consequently, the sedi-
ment supply, which was dominantly from the
Himalayan region in the north through paleo-
Brahmaputra is then taken by the rapidly rising
Indo-Burman Ranges to the east (Govin et al. 2018;
Rahman et al. 2020; Yang et al. 2020; Najman et al.
2022). Due to highly oblique Indian-Burmese plate
active convergence, there is substantial strain
partitioning between the number of crustal faults
in the forearc and backarc (e.g., Steckler et al.
2016; Mallick et al. 2019). The strain partitioning
results in purely convergent motion in the Western
Outer IBR Belt (e.g., CCF), while the dextral
strike-slip motion is concentrated in the eastern
IBR and beyond (e.g., the Kaladan, Kabaw,
Sagaing faults) (Maurin and Rangin 2009; Morley
et al. 2020; Hossain et al. 2022). These observations
are consistent with our study as there is scarce
direct field evidence of strike-slip motion observed
during this study in the Bandarban Anticline.

7. Conclusions

The CTFB, which includes the study area of the
Bandarban Anticline, is the outer wedge of the IBR
bounded by the Kaladan Fault and the CCF to the
east and west, respectively. The Bandarban Anti-
cline, as deduced from geomorphological analysis,
geological field mapping, structural observations,
fold geometry, and deformation kinematics, exhi-
bits characteristics of an asymmetric, west-verging
anticline, which is gently plunging to the north.
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Measured fault kinematics suggest approximate
east—west shortening consistent with the previ-
ously published maximum horizontal stress orien-
tations derived from the absolute plate motion
direction and earthquake focal mechanism solu-
tions. A number of lithofacies have been identified
from the exposed rock formations and are grouped
into three major facies associations: shelf/shallow
marine (FA-1; Lower Boka Bil/Upper Bhuban
Formation), tide dominating delta (FA-2; Boka Bil
Formation), and fluvial (FA-3; Tipam and Dupi
Tila formations). The study area, along with the
CTFB as a whole, experienced different deposi-
tional settings temporally and spatially. From the
exposed stratigraphic and structural evidence, it
can be concluded that during the deposition of the
Lower Boka Bil/Upper Bhuban Formation, the
area was under the continental shelf setting. With
the progression of time, the area converted into a
tide-dominated delta setting during the deposition
of the rest of the Boka Bil Formation. Because of
the continued tectonics and/or sea level fall, the
area uplifted significantly, and the Tipam and the
Dupi Tila formations were deposited under fluvial
settings. A tectonostratigraphic evolution model of
the Bandarban Anticline is proposed, indicating
sedimentation initially driven by delta prograda-
tion from the rising Himalaya and later from the
IBR. Therefore, tectonostratigraphic evolution
during the Pliocene-Pleistocene-Recent was con-
trolled by the origin and development of Kaladan
and CCF and the glide along the major basal
decollement and was possibly directly associated
with the westward propagation of the outer IBR.
This late-stage tectonics initially develops fold in
the area and later developed the longitudinal and
transverse faults with the intensified tectonics.
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