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The dynamic mechanism of
north-south tectonic disparities
in the Rakhine Offshore
Basin of Myanmar
Xuefeng Wang, Gui Fang*, Hongping Wang, Guozhang Fan,
Guoping Zuo, Xiaoyong Xu and Zhili Yang

Petrochina Hangzhou Research Institute of Geology, Hangzhou, China
The Rakhine Offshore Basin is located within an accretionary wedge in the trench

setting of an active continental margin, exhibiting complex and dynamic

characteristics. Its structure is notably segmented from north to south and

zoned from east to west. The basin is divided into two segments along the

north-south axis: the northern segment features a compressional fold belt, while

the southern segment is characterized by a strike-slip belt. Along the east-west

axis, the basin is divided into two zones: the eastern zone represents the early-

stage, steeply folded belt, where the shallow part is disrupted by thrust faults,

while the western zone is marked by later, gentle sedimentary structure. Despite

these detailed structural observations, current research on the structural and

evolutionary characteristics of the Rakhine Offshore Basin is still limited, and the

underlying causes of its north-south segmentation and east-west zonation

remain unclear. Using seismic and drilling data, we provide a comprehensive

examination of the structural and evolutionary characteristics of the basin. The

results indicate that the Rakhine Offshore Basin formed at the end of the Upper

Cretaceous, experiencing significant deformation from the end of the Upper

Miocene to the Quaternary. The structural formation progressed from east to

west, occurring earlier and more intensely in the east, and later and more gently

in the west. After Miocene sedimentation, the regional structure underwent

inversion, with the depocenter migrating from east to west. The segmentation

from north to south and zonation from east to west in the Rakhine Offshore Basin

are attributed to the oblique subduction and collision of the Indian Ocean plate

with the Eurasian plate. The subduction angle is gentler in the south and steeper

in the north, reflecting varying stress field mechanisms across these regions.
KEYWORDS

Rakhine Offshore Basin, compressional fold belt, strike-slip fold belt, stress field,
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1 Introduction

The Rakhine Basin is a prominent tectonic unit, characteristic

of an accretionary wedge, situated in the Rakhine sea area of

Myanmar’s western coastline (Figure 1), and the eastern

boundary of the Bay of Bengal. It merges with the eastern

extension of the Bengal Basin and spans an area of about 165,000

square kilometers, with the marine-covered region accounting for

142,000 square kilometers (Aitchison et al., 2019; Curray, 1994).

Situated at the forefront of the subduction and collision zone

between the Indian Ocean and Burmese plates (Figure 1a), the

Rakhine Basin primarily evolves within a convergent plate

boundary, characterized by an accretionary wedge. It has been

continuously affected by northeastward compressive stress,

resulting in a highly intricate geological structure and significant

tectonic activity (Cai et al., 2011).

The Rakhine Basin is classified as an active continental margin

basin. To the west, it borders the subduction system of the Indo-

Myanmar trench, while its eastern edge is linked to the central

forearc basin of Myanmar (Cai et al., 2011; Zhang et al., 2014).

Recent researches on the Rakhine Basin have primarily

concentrated on investigating tectonic zonation and sedimentary

filling sequences, which reveal that the basement of the basin

consists of fragmented, coiled ancient oceanic crust, trench

deposits, and pieces of continental crust (Dasgupta and Nandy,
Frontiers in Marine Science 02
1995; Sikder and Alam, 2003; Steckler et al., 2008). The basin’s

tectonic evolution is primarily affected by the northeastward

subduction of the Indian Ocean plate. The basin has experienced

several phases of tectonic compression and thrusting, leading to the

development of characteristic imbricate thrust tectonic systems.

The basin contains multiple sets of interactive marine and terrestrial

sedimentary systems, spanning from the Eocene to the Quaternary.

Notably, the Miocene deep-water turbidite exhibits considerable

reservoir potential (Cai et al., 2011; Zhang et al., 2014). However,

due to tectonic modifications, the depocenter have undergone

regular migration. It has been observed that numerous tectonic

traps are associated with thrust faults, although the reservoir’s

physical properties have been significantly altered by later

tectonic activities (Khin et al., 2022). A unified understanding of

the Cenozoic tectonic evolution of the Rakhine basin has not yet

been reached, particularly regarding the unverified transformation

mechanism of the tectonic stress field since the Miocene.

Using high-precision three-dimensional seismic data and

drilling data, we systematically reconstruct the Cenozoic tectonic

evolution of the Rakhine basin, focusing on identifying critical

tectonic modification periods and their effects on sedimentary

filling. By quantifying tectonic shortening using the balanced

cross-section technique and combining it with an analysis of the

ancient stress field, the dynamic relationship between the variation

in the subduction angle of the Indian Ocean plate and the evolution
FIGURE 1

Tectonic characteristics of Rakhine Basin, Bay of Bengal, the structural belt boundaries are modified after Li et al., 2018a.
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of the basin’s tectonic style is revealed. The results can offer new

theoretical geological basis for petroleum exploration in foreland

thrust belts.
2 Geologic setting

The active continental margin of Burma is affected by the

northeastward oblique subduction of the Indian Ocean plate

beneath the Burmese plate, along with the Sagaing Fault, an

active strike-slip fault that exhibits a significant strike-slip

displacement of 450km (He et al., 2011; Xie et al., 2010). A vast

trench-arc system has developed, encompassing fore-arc basins,

back-arc basins, and accretionary wedge basins (Bannert and

Helmcke, 1981; Xing and Qiu, 2020). Based on its structural

features, this region can be categorized into five structural units:

the Rakhine fold belt including the northern compressional fold belt

and the southern strike-slip fold belt, the fore-arc basin structural

belt, the volcanic arc structural belt, the back-arc basin structural

belt, and the Chin Hills -Malayan structural belt (Figure 1b and

Figure 2e). To the east of the Rakhine fold belt lies the Arakan

Mountains, while to the west is the Bay of Bengal, which represents

a remnant ocean basin (Alam et al., 2003; Zhang et al., 2011), as well

as a Cenozoic oceanic basin, the Andaman Sea (Kamesh and

Varghese, 2004; Curray, 2005). The Rakhine fold belt spans a

width of up to 230km.

The interaction between the Rakhine Basin, the Bengal Basin,

and the Andaman Sea constitutes a coupled system, affected by the

Indo-Eurasian plate collision. The Rakhine Basin, which acts as a

compressional belt within the Myanmar fore-arc, has developed a

complex thrust and strike-slip structure resulting from the oblique

subduction of the Indian Ocean plate (Khin et al., 2020).

Meanwhile, the Bengal Basin has seen substantial sediment

accumulation due to the foreland deflection. Since the Eocene, the

depocenter of the basin has progressively migrated southward,

driven by the subduction of the 90°E ridge. The Andaman Sea

undergoes back-arc spreading as a result of the subduction retreat,

with mantle upwelling playing a role in regulating the oblique angle

of the subduction (Bertrand and Rangin, 2003).

The Sagaing strike-slip fault plays a crucial role in regulating the

interaction between the Indian and Eurasian plates, forming a

dynamic coupling with the Andaman Sea subduction zone. GPS

data show that the fault exhibits dextral strike-slip movement at a

rate of 18–24 mm/year (Socquet et al., 2006). The strike-slip

component helps absorb the shear stress that parallels the plate

boundary, a result of the oblique subduction of the Indian Ocean

plate. This leads to a rotation of the stress field within the Rakhine

Basin and simultaneously reduces the eastward transmission of

compressive stress along the eastern margin of the Bengal Basin

(Khin et al., 2021). This creates a strain gradient zone between the

Irrawaddy Basin and the Arakan Mountains. Additionally, the

strike-slip activity of the Sagaing fault not only mitigates strain

accumulation at the frontal subduction zone but also facilitates the
Frontiers in Marine Science 03
formation of structural traps in the Rakhine Basin through

compression at the end of the fault.

The evolution of the Rakhine Basin is intricately linked to the

oblique convergence between the Indian Ocean and Burmese plates,

initiating in the Paleocene, and the subsequent westward migration

of the accretionary wedge (He et al., 2011; James, 1990; Ashraf and

Lunberg, 2004; Cai et al., 2011). Over time, this process led to the

formation of the current coastal, continental shelf, slope, and ocean

floor regions of western Myanmar, located on the eastern edge of

the Bay of Bengal. The present basin configuration is thought to

have been established by the middle Pleistocene. Its evolution can

be divided into three stages: the embryonic stage, the collision stage,

and the rapid collision stage (Figure 2).

During the late Cretaceous, as the Indian Ocean plate drifted

northward, the region experienced an open marine environment

(Cai et al., 2011), where it received distal sediments from the Indian

hinterland, and flyschoid sedimentation was dominant. A notable

unconformity, which spans much of the Early Paleocene, is

commonly observed throughout the region. This could mark the

initiating of the active oblique subduction of the Indian Ocean plate

beneath the Burmese plate, followed by the thrusting of sediments

at the plate’s leading edge. By the end of the Early Paleocene, the

thrusting process split the sea into two regions: the Central

Myanmar Tertiary Belt to the east and a foredeep basin system to

the west, both of which progressively younger from north to south

(Khin et al., 2021). From this point onward, the Rakhine Basin

evolved independently from the Central Burma Basin (Figure 2a).

As the accretionary wedge gradually uplifted, the sea shallowed

along the wedge, and the depocenter migrated westward throughout

the Eocene (Khin et al., 2014), where rapid subsidence occurred

(Figure 2b). By the Early Oligocene, the accretionary wedge began

to emerge as the proto-Indo-Myanmar Range, initially at its

northernmost tips and progressively extending southward.

Towards the end of the Oligocene, the region experienced a

marine regression (Khin et al., 2020; Yang et al., 2022), with parts

of the region likely undergoing sub-aerial exposure and erosion

(Figure 2c). This period may have marked the initiation of a high-

tectonic phase, during which a transpressional regime became

active in the basin (Kapp and DeCelles, 2019). With the Early

Miocene transgression, flyschoid sedimentation was gradually

reestablished in the central part of the basin. A significant

structural phase was initiated at the end of the late Miocene,

triggered by the opening of the Andaman Sea to the southeast

and the activation of a major right-lateral transform fault system

across the entire region (Kent and Dasgupta, 2004; Li et al., 2018a).

This led to the emergence of the Arakan-Yoma Range, causing the

depocenter to migrate further westward from the Arakan coastal

area into the Bay of Bengal. In the Early Pliocene, a slope-floor

depositional system was established immediately west of the

accretionary wedge front, migrating progressively westward into

the Bay of Bengal (Figure 2d). By the Early Pleistocene, much of the

Arakan coastal area had emerged, and the present configuration,

where the Rakhine Offshore Basin forms the eastern boundary of
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the Bengal Basin system, was established (Figure 2e) (Li

et al., 2018b).

Wells data and outcrop observations show that the sediment

gradually thins from the northeast to the southwest along the active

continental margin of Burma (Curray, 1994, Curray, 2005). In the

Rakhine Basin, the sediment thickness ranges up to 21km from the

end of the Cretaceous to the Holocene (Figure 1). The sedimentary

sequence, from the Cretaceous base to the present, can be divided

into five formations: Upper Cretaceous-Paleocene, Eocene,

Oligocene, Miocene, and Pliocene formations (Gani and Alam,

2003; Nielsen et al., 2004) (Figure 3). At the end of the Cretaceous,
Frontiers in Marine Science 04
the Rakhine Basin was characterized by an open-ocean depositional

environment, with marine shale being the dominant sediment type,

along with some carbonates and deep-ocean fan sands. From the

Paleocene to middle Miocene, deposition occurred in deep-ocean to

bathyal conditions, where marine shale predominated. However,

slumped deposits are present in the Paleocene formation, and deep-

sea fan deposits, driven by an abundant supply of material, became

common in the Upper Miocene-Pliocene formations. Slumped

shale is also found in the Pliocene, and in the Quaternary, delta-

shallow sea deposits were deposited due to the transition to a

shallower marine environment (Banerjee et al., 2019).
FIGURE 2

Sketch of the cross-section A-A′ through the central and western Myanmar near 20° N (modified after Bannert and Helmcke, 1981).
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3 Data and methods

3.1 Main data sources

The terrain data used in this study are from a marine terrain

database (https://lpdaac.usgs.gov/products/srtmgl3v003/) with a

precision of 1’×1’. The earthquake events are from the
Frontiers in Marine Science 05
International Seismological Centre (http://www.isc.ac.uk/).

The Stratigraphic data and drilling data are from the

Information Handling Services (IHS) database (https://

energyportal.ci.spglobal.com/). The 2D seismic sections A-A′ and
B-B′ presented in this study are sourced from the deepwater

exploration project in Myanmar of Petrochina Hangzhou

Research Institute of Geology, while the section C-C′ is derived
FIGURE 3

Stratigraphic column of Rakhine Basin, data are from the Information Handling Services (IHS) database.
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from Nielsen et al. (2004). The seismic data used is Pre-Stack Depth

Migration (PSDM) data, gathered in 2008, covering depths from 0

to 14km, with exceptional quality observed in deeper layers. These

data were interpreted using the seismic interpretation software

GeoEast. Calibration of the seismic horizons was performed based

on drilling stratigraphy.
3.2 Improved balanced cross-section
method

The fault and fold structures in the Rakhine Basin, affected by

multi-phase extension and strike-slip deformation, present

challenges in restoring the balanced section (Westerweel et al.,

2020). In response to these challenges, an improved method

is utilized for restoring structural deformation in the Rakhine

Basin (He and Li, 2019; Li et al., 2019). The proposed method

takes into account the effects of deformation, erosion, and

compaction on the restoration process, focusing on two

primary aspects.

Stratum Restoration. If the deformation in the shallow

structures has little effect on the deeper layers, the restoration

should be performed layer by layer, maintaining the unchanged

thickness of the strata. In cases where regional tectonic compression

occurs in the later stages, an overall structural inversion and fold

formation will occur within the basin. During the removal of each

shallow stratum, the superimposed effects on the deeper layers

generated during this period will be correspondingly eliminated

(Yan et al., 2003; He and Li, 2019). In such cases, it is essential to

follow the principle of leveling the curved strata.

Fault Restoration. For growth faults, fault restoration is to

eliminate the gravity effect of the overloading. In the case of deep

early growth faults, the shallow strata experience only compaction

without altering their orientation (Ren et al., 2002). The restoration

should follow the principle of treating the deep and shallow parts

separately and independently. The method of restoring the balanced

section is based on the structural positions, active stages, and

genetic relationships between the strata and faults (Li et al., 2019).

It aligns with geological logic and offers a more accurate inversion of

the structural deformation process in the Rakhine Basin.

Decompaction Restoration. The burial history, including the

stratigraphic column with age and depth data, along with

lithological parameters such as sand-to-shale ratios and porosity-

depth relationships, as well as paleo-water depth, were obtained

from wells drilled by Petrochina. The algorithm implementation

(Equation 1) utilizes an exponential porosity-depth function as

follows:

j = j0 · e
−cz (1)

where j is the porosity while j0 is the surface porosity. c is the

compaction coefficient and z is the depth. The procedure for

restoring the balanced section is carried out using Move software.

It aligns with geological logic and offers a more accurate inversion of

the structural deformation process in the Rakhine Basin.
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4 Results

The Rakhine Basin can be classified into two primary sections

based on whether the layers have been deformed: the eastern

Rakhine fold belt and the western deep marine plain (Figure 1).

In the western region, the sediment layers remain undisturbed and

stable. The demarcation between the two units is marked by the

deformation front, as shown by the red solid line in Figure 1 that

distinguishes the deep marine plain from the fold belts (Pivnik

et al., 1998).

The Rakhine fold belt exhibits an arcuate structure, extending

eastward across the plane. Due to the approximately 45° angle at

which the Indian Ocean plate subducts beneath the Eurasian plate

in the horizontal plane, it can be further divided into the northern

compressing fold belt and the southern strike-slip belt (Haproff

et al., 2019). The northern compressing fold belt is characterized by

numerous NNW-trending linear folds, formed by compressional

stress. In contrast, the southern strike-slip belt, with its narrower

NS-trending folds, results from shear stress (Maurin and

Rangin, 2009).
4.1 Northern compressing fold belt of
Rakhine Basin

To illustrate the deformation characteristics and zoning within

the northern compressing fold belt, a regional seismic section (A-

A’) was constructed using high-quality seismic profiles and well

data (Figure 4a). This seismic section, spanning approximately

200km in length, is oriented perpendicular to the regional

tectonic trend and combines two parallel seismic profiles

separated by 60km, with its location indicated in Figure 1. The A-

A’ section reveals that the base and Cretaceous formations are

undeformed, while the upper Cenozoic layers are affected by

deformation in the Rakhine fold belt. This suggests that the

Rakhine fold belt exhibits thick-skinned deformation (Animesh

et al., 2022). Furthermore, the Rakhine fold belt can be divided into

two sub-structural belts based on their characteristics and locations

(Maurin et al., 2010). These belts are characterized by steep, high-

amplitude folds in the east and gentler, low-amplitude folds in the

west, resulting from intense tectonic deformation.

The steep onshore folds, which formed in earlier times, consist

of numerous large-scale anticlines with NNW-trending axes and

significant westward amplitude. Due to intense tectonic

deformation and weathering processes, Neogene formations are

exposed at the cores of these anticlines (Morley, 2012). Large

breakthrough faults, dipping to the east, developed in the western

flanks of the anticlines, while only a few west-dipping thrust faults

were observed, in response to the regional compression direction

from east to west. This suggests the presence of a weak detachment

layer beneath these anticlines (Replumaz, 2003). The offshore

gentle, low-amplitude folds consist of two gentle, low-detachment

folds (Ridd et al., 2019). The anticline in the west has a width of

approximately 15km and exhibits lower amplitude compared to the
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anticline in the east. These folds represent the front of the

deformation (Figure 4a).
4.2 Southern strike slip fold belt of Rakhine
Basin

The tectonic structure of the strike-slip fold zone in the

southern part of Rakhine Basin in Myanmar exhibits notable
Frontiers in Marine Science 07
characteristics of both strike-slip and compressional coupling.

The folding axis aligns closely with the regional principal stress

field, and the overall orientation of the zone matches the dynamic

context of the northeastward subduction of Indian Ocean plate

(Ridd et al., 2019). The seismic profile reveals that the strike-slip

faults in the region typically extend almost vertically, with the

inclination in seismic section generally exceeding 70° (Figure 4c).

Additionally, the cumulative fault amplitude can reach up to several

kilometers. There is a noticeable variation in the thickness of the
FIGURE 4

Seismic profiles across the Rakhine Basin, (a–c) are the Seismic profiles at positions A-A′, B-B′, and C-C′ from north to south.
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strata on either side of the faults. The strata of the hanging wall are

generally thickened by 15%-30%, creating a broad, gentle, and low-

amplitude anticline structure (Maurin and Rangin, 2009). In

contrast, the thickness of the strata of the footwall remains

normal, reflecting a typical differential depositional response

controlled by the strike-slip fault.

The development of folds in the region is controlled by the

compression and twisting effects of the right-lateral strike-slip fault.

As shown in Figure 4b, it can be divided from east to west into a

compressional thrust deformation belt and a gentle sedimentary

belt, with the thrust faults serving as the boundary. Due to the

oblique subduction, which is characterized by compressional and

torsional stresses, the high and steep thrust deformation belt not

only exhibits characteristics of compressional thrust structures but

also displays flower structure features resulting from strike-slip

stresses (Khin et al., 2021; Nielsen et al., 2004). The strike-slip faults

are predominantly right-lateral. These flower-structured faults

converge toward the primary faults and merge downward into the

thrust faults. In the gentle sedimentary belt to the west, the strata are

generally stable, presenting gently anticlines.

Compared to typical strike-slip tectonic belts, the distinct low

amplitude fold-steep fault combination in the southern section of

the Rakhine Basin may be affected by the blocking of the rigid base.

The vertical shortening of the upper cover is restricted by the rigid

base, which causes the strain to be released primarily through the

strike-slip component.
5 Discussion

The primary driving force behind the tectonic zonation and

varying evolution of the Rakhine Basin is the oblique subduction

collision between the Indian Ocean plate and the Eurasian plate

(Jagoutz et al., 2015). This interaction not only affected the

development of the basin’s north-south subdivision and east-west

zonation but also contributed to the early formation of the eastern

fold belt with a steep structure (Haproff et al., 2019). In contrast,

tectonic activity in the western fold belt persisted longer, resulting in

a broader form. The mechanism for this process is intricately linked

to the geometry of the subduction boundary between the plates,

variations in the stress field, and the imbrication of the

accretionary wedge.
5.1 Tectonic evolution of Rakhine Basin

The regional section A-A′ evolution (Figure 5) indicates that

deformation initiated in the late Miocene and intensified from the

late Pliocene to the Quaternary. The structures in the eastern region

are both older and more deformed than those in the western area, as

the regional contraction occurred from east to west, with

deformation propagating in a westward direction (Royden et al.,

2008). Following the deposition of Miocene formations, the center

of deposition migrated from east to west (Figure 5). The sediment

layers spanning from the Paleocene to the middle Miocene
Frontiers in Marine Science 08
(Figure 5a), which show no signs of deformation, suggest that

prior to the end of the middle Miocene (Figures 5b, c), subduction

tectonics were located far to the east and did not affect the Rakhine

Basin (Westerweel et al., 2020).

After the deposition of the late Miocene formations, the eastern

part of the Rakhine Basin experienced slight deformation, with two

east-dipping thrust faults exhibiting minimal displacement.

Additionally, several low-amplitude anticlines were folded in the

eastern region, while the layers to the west remained stable

(Figure 5d). This suggests that the subduction began to affect the

Rakhine Basin (Yao et al., 2017; Zhang et al., 2017a). During the

deposition of the Pliocene formations, tectonic activity significantly

affected the Rakhine Basin. The anticlines in the eastern part

steepened, and new anticlines formed in the central region of the

basin, with Cenozoic strata acting as a detachment layer (Figure 5e).

The Pliocene formation displayed characteristics of growth strata,

with the thickness becoming progressively thinner towards the tops

of the eastern anticlines and anticline B.

Following the deposition of the Pliocene formation, the research

area experienced the most intense compression. The eastern

anticlines became significantly steeper with higher amplitudes,

eventually being exposed above the water and undergoing

weathering (Zhang et al., 2017b). Deformation of the anticlines in

the central part of the Rakhine Basin intensified. For instance, the

amplitude of anticline B increased by as much as 0.7 s, and a new,

gentle, low-amplitude fold developed in the west (Figure 5f).

Additionally, regional tectonic activity from subduction caused

the sediment center to migrate from east to west. During the

Paleocene to Midde Miocene, the sediment center remained in

the eastern part of the Rakhine Basin, as the subduction trench

represented the deepest area, and the regional seafloor sloped

eastward or was bent by the effects of subduction. The thickness

of the Pliocene deposition remained relatively consistent, except in

areas affected by folding. This indicates that the Pliocene

represented a period of stability in the migration of the

depocenter. By the Holocene, the depocenter had fully migrated

to the west (Li et al., 2018b).
5.2 The north-south tectonic segmentation
affected by subduction boundary geometry

A prominent arc-shaped boundary along Myanmar and its

periphery has been developed due to the location of the Rakhine

Basin at the forefront of the oblique subduction zone where the

Indian Ocean plate converges with the Eurasian plate (Li et al.,

2018c). In the southern section of the subduction zone, the

boundary is nearly aligned north-south, with the Indian Ocean

plate converging obliquely towards the Eurasian plate in a NNE

direction. The subduction is almost parallel to the strike of the fault

with an angle of less than 30° (Figure6, C-C’ section). This

geometric configuration results in the formation of significant

deep strike-slip faults along the plate boundaries, affecting by

compressional and torsional stress fields (Rao and Kumar, 1999).

Shear stress causes sediment layers to experience cross slip and
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vertical uplift, creating a wide and gently inclined anticline

structure. The fold axis primarily follows a NW-SE trend, with

the fault system exhibiting both strike-slip and thrust components,

resulting in a representative southern strike-slip fold belt (Zhang

et al., 2017b). Nicholas et al. (2016) indicated that the fold belt in the

southern Arakan Mountains can reach a width of 80–100 km, with
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fold flanks typically having an inclination of less than 30°, reflecting

progressive deformation under the shear stress.

As a result of the northward deviation of the plate boundary in

the northern subduction zone, the angle between the subduction

direction and the trend of the Indian Ocean plate boundary

increases considerably, exceeding 60° (Figure 6, A-A’ section). At
FIGURE 5

Tectonic evolution of cross-section A-A’ in compressive folded belt, Northern Rakhine Basin.
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this stage, the vertical component of plate convergence becomes

more pronounced, and the stress field shifts from a combination of

compression and torsion to a state of pure compression (McCaffrey,

1992). The crustal materials undergo shortening along the direction

of least resistance, resulting in significant NE-SW compressive

deformation of the sedimentary layers, which leads to the

formation of tightly packed thrust faults and a high-angle fold

belt (McClay et al, 2004) ; Bertrand and Rangin (2003)

demonstrated that in the fore-arc basin structural belt (Figure 1),

the fold axis predominantly trends NE, with the dip angle of the

anticlinal flanks reaching 40-50°. Additionally, a locally developed

imbricated thrust structure contributes to the formation of the

northern compressive fold belt. The contrasting tectonic patterns

between the northern and southern regions are primarily affected by

the spatial and temporal variations in the subduction directions and

the subduction boundary angles.
5.3 Variant tectonic evolution of east-west
zonation affected by accretionary wedge

As an accretionary wedge basin in an oceanic-continental

subduction zone, the tectonic evolution of the Rakhine Basin is

marked by a pattern of “earlier in the east and later in the west.” As

an early subduction front, the eastern region has experienced

compression from the Indian Ocean plate since the Miocene. The

fold structures formed in the early stages have been reworked by
Frontiers in Marine Science 10
subsequent superimposed stresses (Nielsen et al., 2004; Sikder and

Alam, 2003). Several tectonic events contributed to the progressive

deformation of the strata. The early NW-SE folding was later

reversed by NE-SW compressive forces, causing the fold axis to

tilt westward. As a result of continuous uplift, the eastern fold flank

developed a steep shape with a high dip angle (Raju et al., 2004).

Seismic profiles reveal the development of a duplex in the deeper

part of the eastern fold belt, while shallow layers are cut by thrust

faults, indicating the cumulative effects of multi-stage extrusion

(Figure 7). The tectonic evolutionary feature is very similar to that

of the nearby Chittagong-Tripura fold belt. Previous studies

(Animesh et al., 2022; Nandy et al., 1983) have shown that the

Chittagong-Tripura fold belt has evolved within a compressive

stress field generated by the eastward drift of the Indian Ocean

plate during late Tertiary. The style of folding and outcrop pattern

in the region, show that there was minor rotation of the stress axes

which in turn corroborates rotation of the Indian Ocean plate

during late Tertiary while it drifted eastward. The deformation of

the sedimentary units was first initiated by tangential E-W

compressive stress resulting in shortening, principally by folding

and strike faulting and adjustment along conjugate shear fractures

with strike slip movements.

The western region lies in the late accretionary stage of the

accretionary wedge, with tectonic activity beginning relatively later

(from the Pliocene to the present). Due to the westward migration

of the subduction zone front, broad and gently sloping anticlines are

primarily developed in this area (Ashraf and Lunberg, 2004). The
FIGURE 6

(a) Distribution of earthquake events (2000.1.1–2025.12.31); The red solid lines in part a are the cross sections of the vertical profiles of epicenters
shown in part b (b) Vertical profiles of epicenters sliced at positions A-A′, B-B′, and C-C′; the green dashed lines are the sketched position of the
subduction zone in the Rakhine Basin.
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dip angle of the fold axis is generally less than 25°, and the

shortening of the strata is approximately 40% lower than that in

the eastern part (Figure 7). Additionally, the broad and gentle

structures in the western region are more favorable for the

preservation of oil and gas traps (James, 1990).
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5.4 Dynamic effect of oblique subduction

The nature of oblique subduction is that the plate convergence

vector is not orthogonal to the trend of the subduction zone, resulting

in the strain field being resolved into a strike-slip component along
FIGURE 7

Schematic profile of east-west structural zonation affected by accretionary wedge (the location is at the at position A-A′).
FIGURE 8

Regional tectonic model of the eastern Bay of Bengal (modified after Pivnik et al., 1998).
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the parallel boundary and a compressional component along the

vertical boundary (Vanek et al., 1990). In the Rakhine Basin, this

decomposition occurs through bookshelf faulting. The Sagaing faults

serve as the primary strike-slip boundary to accommodate lateral

displacement, while secondary thrust faults mediate vertical

shortening (Figure 8). GPS data indicate that the dextral strike-slip

rate along the Sagaing faults is 18–23 mm/yr, while the vertical uplift

rate of the Arakan Mountains is approximately 5 mm/yr, thereby

confirming the spatial distribution of strain components (Socquet

et al., 2006). The numerical simulation results (Vigny et al., 2003;

Zahid and Uddin, 2005) indicate that when the angle between the

convergence direction and the subduction boundary is less than 45°,

the strike-slip component accounts for over 70% (Figure 8), which

closely aligns with the deformation characteristics of the southern

tectonic belt.

The tectonic model plays a crucial role in controlling oil and gas

accumulation. Although the eastern high-steep tectonic belt formed

earlier, its trap integrity is poor due to later intense compression. In

contrast, the western broad-mild anticline is more favorable for the

development of large structural traps due to its weaker deformation

(Rabi et al., 2010). Additionally, the coupling effect of strike-slip and

compression forms a complex fault-fold transport system within the

basin, which governs the vertical migration and lateral distribution

of oil and gas. This understanding provides a crucial geological basis

for petroleum exploration in the Rakhine basin.
6 Conclusions

The Rakhine basin is situated in an accretionary wedge within the

trench setting of an active continental margin. The basin can be

divided into two main regions: the marine plain and the Rakhine fold

belt. The Rakhine fold belt itself consists of the northern compressing

fold belt and the southern strike-slip belt. The northern compressing

fold belt is characterized by numerous NNW-trending linear folds,

which can be further subdivided into steep, high-amplitude folds

resulting from intense tectonic deformation from east to west. The

southern strike-slip belt, on the other hand, features anticlines along

strike-slip faults and distinct flower structures.

The deformation of Rakhine basin initiated in the late Miocene

and intensified from the late Pliocene to the Quaternary. Structures

in the eastern part are older and more intense than those in the

western part, as regional contraction occurred from east to west,

with deformation propagating westward. The depocenter also

migrated from east to west following the deposition of

Miocene formations.

The tectonic characteristics of the Rakhine Basin are marked by

north-south segmentation and east-west zonation, with the warped

plate of the depocenter rotating counterclockwise to the west. This

is primarily caused by the oblique subduction collision between the

Indian Ocean plate and the Eurasian plate, the bends in the

subduction contact zone within the Rakhine Basin, the differing

subduction angles between the north and south, and the contrasting

stress field mechanisms between the two sections.
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