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Abstract: The past location of the Burma Terrane during the convergence of the Indian and Asian tectonic
plates is key to unravelling the regional geodynamic, palaeoenvironmental and palaeobiogeographical history
of the eastern edge of the Himalayan orogen. Palaeomagnetic data provide the ability to constrain the location of
the Burma Terrane, but it has been very difficult to find rocks with palaeomagnetic records of primary charac-
teristic remanent magnetizations. We present here new palaeomagnetic results spanning the Paleocene to late
middle Eocene within the Burma Terrane, complementing palaeolatitudes previously established from Late
Cretaceous intrusive rocks and late middle Eocene sedimentary rocks. Our palaeomagnetic data indicate that
the Burma Terrane remained at equatorial latitudes during the Paleocene and early Eocene, at a considerable
distance from the South Asianmargin. In addition, palaeomagnetic results frommid- to late Eocene sedimentary
rocks yield a predominantly north–south orientation of the Burma Terrane over the past 45 Myr, showing that it
was not part of the NW–SE-oriented Sundaland margin before its collision with India. Our results support col-
lision models involving a Trans-Tethyan subduction system during the Late Cretaceous and early Paleocene.
We propose that this system incorporated the Burmese volcanic arc and continental fragments of Argoland
before drifting north with India towards Asia. The new palaeogeographical model considers a reduced amount
of oblique subduction of the Indian plate below Burma during the Cenozoic. A possible source of sediments
filling the thick Myanmar basins from the Gangdese belt during the Eocene supports the hypothesis of an
India–Asia collision around∼50 Ma. The new palaeogeography supporting the formation of the Myanmar Cre-
taceous amber on an isolated Trans-Tethyan Arc is also a key element in discussions of the palaeobiogeograph-
ical evolution of the numerous faunas it contains.

Supplementarymaterial:A detailed description of the palaeomagnetic data (location andmagnetic properties)
and an analysis of the U–Pb age data from detrital zircons are available at https://doi.org/10.6084/m9.figshare.
c.7291282

The India–Asia tectonic convergence is widely
regarded as the quintessential continental collision
example for investigating deep to surface processes,
the formation of an orogen (Fig. 1) of extensive scale
and elevation, the propagation of regional thrust and
strike-slip systems, as well as widespread volcanism
and metamorphism. Despite over a century of
focused geological research, the fundamental ques-
tions of how and when the collision occurred remain
highly debated with ongoing and contentious discus-
sions regarding the palaeogeography, chronology
and significance of the various tectonic elements,
arcs, sutures and exotic terranes during the conver-
gence between the Indian and Asian plates (e.g.
Royden et al. 2008; van Hinsbergen et al. 2011).
Generally, three main classes of India–Asia collision
models have been proposed (Kapp and DeCelles
2019). The first considers a simple collision

involving a very large northward extent of India
(aka ‘Greater India’) coming into contact with
Asia during the Paleocene (e.g. Shen et al. 2001;
Replumaz et al. 2010, 2013; Hu et al. 2015). The sec-
ond involves a double collision: first, India with a
Trans-Tethyan Arc and, second, India and this arc
with the southern Asian margin (e.g. Jagoutz et al.
2015; Kapp and DeCelles 2019; Westerweel et al.
2019). The third invokes the northward drift of a con-
tinental fragment of Greater India involving the
Tethys Himalayas coming into collision with the
southern Asian margin during the Paleocene, before
a final collision of India with Asia at the end of the
Oligocene (van Hinsbergen et al. 2019). In these
models, the Burma Terrane (hereafter BT; also called
the West Burma Block, mainly lying within the bor-
ders of Myanmar today) was originally of minor
importance in the elements used for the discussion,
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although it constitutes the major microplate at the
eastern edge of the Himalayan collision zone (Fig. 1).

Until recent palaeolatitude constraints were
obtained from palaeomagnetic data (Westerweel
et al. 2019, 2020), the BT was usually placed close
to its present-day location (∼20° N) and mostly con-
sidered stable throughout the India–Asia collision
(e.g. Replumaz and Tapponnier 2003; Royden
et al. 2008; Replumaz et al. 2013; van Hinsbergen
et al. 2019), with the notable exception of the recon-
structions of Rangin (2017), who suggested a very
different plate configuration with the BT attached
to India during the Paleogene. Subduction below
the BT throughout the Cenozoic constituted an
essential element to justify these traditional collision
models, mainly because the magmatic Wuntho–
Popa Arc (WPA) of the BT (Fig. 2) was usually
seen as the eastward continuation of the Gangdese
Arc on the Lhasa Terrane (e.g. Mitchell et al.
2012; Lin et al. 2019; Zhang et al. 2019b), while
the Western Belt Ophiolite (WBO) west of the BT
has been correlated with the Yarlung–Tsangpo
Suture Zone (YTSZ; Mitchell 1993; Liu et al.
2016). However, palaeomagnetic data recently

yielded southern hemisphere to near-equatorial lati-
tudes for the BT from the early Late Cretaceous
(∼95 Ma) up until the late Eocene (∼40 Ma) with a
large magnitude rotation of ∼60° clockwise some-
time within this time window (Westerweel et al.
2019). These results showed that the BT was initially
thousands of kilometres away from the Asian mar-
gin, and were interpreted as evidence that the BT
was part of an isolated near-equatorial Trans-
Tethyan subduction system before moving north-
ward as part of the Indian Plate (Westerweel et al.
2019). These constraints are consistent with a two-
stage India–Asia collision, with India first colliding
with this Trans-Tethyan Arc sometime in the early
Paleogene, and then colliding with Asia together,
as previously proposed for the Kohistan Arc as part
of the Trans-Tethyan Arc (Hall 2012; Jagoutz et al.
2015; Zahirovic et al. 2016; Westerweel et al. 2019).

This new palaeogeographic context for the BT on
the Indian Plate during the Cenozoic calls for a fun-
damental revision of many aspects of the evolution
of the BT, the eastern Himalayan collision zone
and SE Asia. The required reappraisal of the correla-
tions of geological belts along the East Asian margin

Fig. 1. Regional topographic map showing the location and tectonic setting of the BT. Palaeomagnetic sampling
localities in the BT are indicated by blue stars while the two main amber localities are shown with green diamonds.
The area where anthropoid primates (Khin Zaw et al. 2014; Jaeger et al. 2019) have been found in the middle Eocene
Pondaung Formation is marked with a pink diamond. A summary of the palaeomagnetic results obtained from
Cretaceous to Paleogene rocks from India and Asia is shown, with the angle of the white arrows relative to the north
indicating tectonic rotations and associated errors at 95% (brown pie), while palaeolatitude anomalies are determined
from the observed palaeomagnetic inclination relative to that expected from the global apparent polar wander curve
(Torsvik et al. 2012). The length of the arrows is arbitrary. Figure created with GMT software (Wessel et al. 2019).
Source: data mainly from the compilation of Cogne et al. (2013) and Tong et al. (2021).
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and their role in the India–Asia collision raises new
questions. The first concerns the timing of the differ-
ent collisions and their palaeogeographical configu-
rations. What were the timing and location of (1)
the collision of India with the Trans-Tethyan Arc,
(2) the incorporation of the BT on to the northward-
moving Indian Plate and (3) the collision of the BT
with Asia? Were there separate collisions or a joint
collision of the BT and (Greater) India with Sibu-
masu on the Asian margin (Licht et al. 2013, 2019;
Zhang et al. 2019a; Cai et al. 2020)? Westerweel
et al. (2019) suggested a collision of the BT with
Sumatra before 40 Ma. A more western position of
the BT closer to India during its northward motion

was later proposed (Westerweel et al. 2020; Morley
et al. 2021) based mainly on geological constraints
because palaeomagnetism does not provide informa-
tion on longitude. More data are needed to test these
models and propose alternatives. Another major
unknown in the tectonic history of the BT is its ori-
gin. Contrasting Gondwanan, Cathaysian (i.e. corre-
lated to Indochina) or intra-oceanic origins have
been postulated (Metcalfe 2013; Sevastjanova et al.
2016; Yao et al. 2017; Licht et al. 2020; Morley
et al. 2020) and several reconstructions have sug-
gested that the BT is a part of Argoland, a collection
Gondwanan crustal ribbon fragments that rifted from
northern Australia in the Late Jurassic (Heine et al.

Fig. 2. Regional geological map centred on Myanmar. Abbreviations: CBB, Central Basins Block; Ch, Chindwin
Basin; HB, Hukawng Basin; JB, Jade Belt Ophiolite; KGR, Katha–Gangaw Range; Mi, Minbu Basin; MMMB,
Mogok–Mandalay–Mergui Belt; NH, Naga Hills; SB, Shwebo Basin; SF, Sagaing Fault; VB, Victoria Block; WBO,
Cretaceous Western Belt Ophiolite; WPA, Wuntho–Popa Arc; YTSZ, Yarlung–Tsangpo Suture Zone. Stars mark the
palaeomagnetic sampling localities of this study and Westerweel et al. (2019). Source: modified after Mitchell et al.
(2012) and Najman et al. (2022).
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2004; Advokaat and Van Hinsbergen 2024). Licht
et al. (2020) have given a detailed overview of
these different origins for the BT and attempted to
reconcile these apparently contrasting origins by
proposing that the BT consists of several rifted
crustal fragments of different origins that were amal-
gamated when the BT was part of the Trans-Tethyan
subducting system. The origin and palaeogeograph-
ical evolution of the BT are also of considerable
interest for understanding Asian palaeobiodiversity,
because it hosts one of the most diverse and largest
known records of Cretaceous fossil biota preserved
in amber, including plants, insects and vertebrates.
These amber biota commonly display a Gondwanan
affinity, providing further evidence that the BT trav-
elled across the Tethys Ocean (Grimaldi et al. 2002;
Poinar 2018; Rasnitsyn and Öhm-Kühnle 2018;
Zheng et al. 2018; Jouault et al. 2021).

To answer these questions, we have obtained new
Campanian–Maastrichtian, latest Paleocene–middle
Eocene, late Eocene, middle Oligocene and middle
Miocene palaeomagnetic data from the BT in addi-
tion to our previously published early Late Creta-
ceous and late Eocene data (Westerweel et al.
2019). This dataset provides new constraints on the
latitudinal motion of the BT, which are then com-
pared to relevant geological data and integrated
into a plate tectonic model of the India–Asia colli-
sion, allowing us to discuss the geodynamic, palae-
oenvironmental and sedimentary provenance data
of the BT and the eastern Himalayan orogen in this
updated context.

The BT

Tectonic regime

The BT is the major microplate at the southeastern
margin of the Himalayan orogen, comprising much
of western and central Myanmar (Figs 1 and 2). Its
present tectonic regime is controlled by hyper-
oblique convergence between India and Indochina,
resulting in a general northward transcurrent motion.
Subduction of the Indian Plate is well illustrated by
the present distribution of seismicity from southern
Myanmar to the Imphal valley in Northeastern
India (Mon et al. 2023).

The BT northward motion has been largely
accommodated by large-scale dextral strike-slip dis-
placements along the Sagaing Fault, which separates
the BT from the Shan Plateau (Sibumasu) to the east
(e.g. Mitchell 1981; Vigny et al. 2003; Tun andWat-
kinson 2017; Panda et al. 2018). In addition to the
dextral displacement along the Sagaing Fault, geo-
detic data demonstrate dextral movement between
India and Sibumasu across the Indo-Burman Ranges
(IBR), mainly via the Churachandpur-Mao and
Kaladan Faults (Panda et al. 2020) and the Kabaw

Fault (Oryan et al. 2023). However, there is no quan-
titative estimate of dextral displacements between
India and the BT across the IBR in the geological
record (Rangin et al. 2013; Rangin 2018). It is
important to note that the Sagaing Fault juxtaposes
two crustal blocks with very different geological his-
tories, and crustal and lithospheric characteristics.
Tibetan crustal flow around the Eastern Himalayan
Syntaxis, well observed in geodetic data, may have
given the convexity to the west of the Sagaing
Fault (Rangin et al. 2013). The entire region in
between the Sagaing Fault (Bertrand et al. 2001),
the Gaoligong–Mogok belt (Zhang et al. 2012) and
the Ailao Shan–Red River shear zone (Leloup
et al. 1995) is also affected by numerous well-dated
shear zones (Wang et al. 2022), demonstrating the
eastward extrusion of the Indochina block. Palaeo-
magnetic studies (Tong et al. 2013; Li et al. 2018)
have shown that the largest clockwise rotations
occurred in the vicinity of the Tengchong and
Baoshan blocks (Fig. 1), with a minor clockwise
rotation of the Indochina block.

Dextral displacement along the Sagaing Fault has
been estimated to be about 400 km since the Neo-
gene from observations of structural geology
(Maung 1987; Socquet et al. 2006; Maurin and Ran-
gin 2009; Rangin et al. 2013; Morley 2017b). Late
Eocene palaeomagnetic constraints from the BT
show that it moved northward from a near-equatorial
position with little rotation, suggesting that the dex-
tral displacement of the BT relative to Indochina may
have exceeded 2000 km (Westerweel et al. 2019).
These late Eocene palaeomagnetic data further sug-
gest that there has been no significant relative latitu-
dinal motion between the BT and India since the
Eocene and within the uncertainties of the palaeo-
magnetic method, suggesting that strike-slip motions
were almost exclusively concentrated on the eastern
margin of the BT (Westerweel et al. 2019), along a
precursor of the Sagaing Fault (Morley and Arboit
2019; Morley et al. 2020).

Geological setting

The BT is a composite terrane with several ophiolite
belts (Searle et al. 2023) and we refer readers toMor-
ley et al. (2021) for a more complete description. The
WBO divides the BT longitudinally along the east-
ern border of the IBR and extends from the Andaman
Sea in the south to the Hukawng Basin in the north
(Fig. 2). The western sub-terrane of the BT is consti-
tuted by the IBR. The eastern sub-terrane, east of the
WBO, consists of an early Late Cretaceous mag-
matic arc (the WPA) with thick, mainly Cenozoic,
sedimentary basins on both sides of the magmatic
belt. To simplify the discussion, we refer to this sub-
terrane as the Central Basins Block (CBB). Previ-
ously published palaeomagnetic results are only

J. Westerweel et al.



from the main CBB units, including theWPA (West-
erweel et al. 2019), and upper Eocene sedimentary
sections from the Chindwin Basin west of the
WPA (Westerweel et al. 2020), described in more
detail below.

The WBO (Fig. 2) includes ophiolites exposed in
the Chin Hills of Myanmar and the Nagaland ophio-
lites of India with late Early Cretaceous zircon ages
(Acharyya 2007, 2015; Liu et al. 2016; Singh et al.
2017; Morley et al. 2020). Liu et al. (2016) deter-
mined a mid-Cretaceous U–Pb zircon age of c.
127 Ma from the Kaleymyo ophiolite. Singh et al.
(2017) reported 206Pb/238U zircon ages of 116.4
+ 2.2 Ma and 118.8 + 1.2 Ma from the Naga-
land–Manipur ophiolite just across the border in
eastern India.

The eastern boundary of the BT with Sibumasu is
mainly defined by the presently active dextral Saga-
ing Fault (Socquet et al. 2006), which cuts and dis-
places the eastern ophiolite belt (Tagaung–
Myitkyina belt) and central ophiolite belt (Jades
belt) (Morishita et al. 2023; Searle et al. 2023).
The western boundary of Sibumasu is characterized
by the Mogok–Mandalay–Mergui Belt (MMMB),
which is predominantly composed of Paleogene
granulite–upper amphibolite facies rocks and Juras-
sic to Cretaceous S-type intrusions with generally
negative zircon εHf values (Lamont et al. 2021).
These rock types contrast sharply with the concur-
rent formation of thick Cenozoic sedimentary basins
within the BT. The MMMB records several major
metamorphic events, beginning with a latest Creta-
ceous to early Paleocene phase of metamorphism
and partial melting. This was followed by a phase
of high-temperature metamorphism during the late
Eocene–Oligocene, interpreted as reflecting the col-
lision of India with the Asian margin (Searle et al.
2007, 2017, 2020; Lamont et al. 2021). This high-
grade metamorphic phase was followed by an Oligo-
cene to early Miocene phase of rapid exhumation
and uplift related to strike-slip deformation and
extrusion of the MMMB (Bertrand et al. 2001; Ber-
trand and Rangin 2003). This exhumation phase is
coeval with the timing of southeastward extrusion
of the MMMB from the Eastern Himalayan Syntaxis
and a significant phase of uplift and exhumation
across the Eastern Himalayan orogen in the early
Miocene (Vannay et al. 2004; Godin et al. 2006;
Kellett et al. 2013; Garzanti 2019; Haproff et al.
2019; Najman et al. 2019).

At the northern edge of the Sagaing Fault, the
Jade Belt is exposed (Fig. 2) and has an unclear
emplacement age (Yui et al. 2013; Searle et al.
2017, 2023). A possible correlation of the Jade
Belt with sporadic dismembered ophiolitic frag-
ments on the trace of the Sagaing Fault has been pro-
posed, together forming the Central Belt Ophiolite
(Htay et al. 2017).

Despite being located to the east of the main seg-
ment of the Sagaing Fault, we consider the Katha–
Gangaw Range and the Tagaung–Myitkina belt
(Mitchell 2018e) as also belonging to the CBB
block and the MMMB to be the main eastern boun-
dary of the BT. TheMyitkina belt has been relatively
displaced relative to the CBB during the late
Neogene.

The Sagaing Fault merges to the south with the
transtensional setting of the Andaman Sea. The
Andaman Sea represents a complex and partitioned
back-arc basin, which developed mostly in the Neo-
gene along the oblique convergent margin of Sibu-
masu and Sundaland (Morley 2017a; Morley et al.
2023).

The western limit of the BT is the present-day
subduction system of the oceanic Indian Plate
north of Sumatra (Andaman trench) merging to the
north with the Indo-Burman fold and thrust belt
(Steckler et al. 2016) related to the underthrusting
of India below the BT. This western boundary of
the BT with the Indian continent (Fig. 2) mainly con-
sists of thick Mesozoic to Cenozoic flysch deposits
and associated ophiolitic material (Maurin and Ran-
gin 2009; Bannert et al. 2012; Rangin et al. 2013;
Rangin 2018; Morley et al. 2020). Transpressional
deformation has affected the IBR since the late Oli-
gocene–early Miocene (Rangin 2018).

Traditionally, the IBR are divided into an Inner
and Outer Wedge (United Nations 1978; Maurin
and Rangin 2009). The Outer Wedge consists of a
fold and thrust belt deforming the Neogene clastic
sediments of the Bengal fan with Himalayan affinity
(Allen et al. 2008; Rangin 2018; Najman et al.
2020). By contrast, the geology of the Inner
Wedge is more complex; it comprises in its Core
the Pane Chaung Formation, Kanpetlet Schists and
theWBO. The first two have potentially separate his-
tories from the CBB as part of the Mount Victoria
Block (Fig. 2). The origin and emplacement direc-
tion of the WBO remain unclear, as well as its role
in the potential suture of the CBB with the Mount
Victoria Block (see reviews in: Searle et al. 2017;
Morley et al. 2020).

The northern boundary of the BT coincides with
the southeastern boundary of the Eastern Himalaya
Syntaxis. The Naga Hills ophiolite belt is usually
represented as the northwestern limit of the BT.
However, a narrow belt of thrust slices in the south-
eastern boundary of the Imphal valley and west of
the Naga Hills, known as the Naga Schuppen Belt,
can be traced to the south with the IBR of central
Myanmar.

BT basement

Many aspects of the complex geological history of
the BT remain controversial (Morley et al. 2021).

Cenozoic northward drift of the Burma Terrane



Because the BT is longitudinally divided by the
WOB, we first describe the basement within the
IBR and then in the CBB.

The IBR are an asymmetric mountain chain with
Triassic turbidites of the Pane Chaung Formation
and the Kanpetlet Schists mainly outcropping on
its eastern side in Myanmar and forming the Core
including the WBO (Brunnschweiler 1966; Morley
et al. 2020). The youngest U–Pb detrital zircon
ages (DZA) of numerous samples (Sevastjanova
et al. 2016; Yao et al. 2017) are consistent with the
Late Triassic fossils (Halobia) found in Pane
Chaung sandstones.

In the Chin Hills, the Kanpetlet Schists within the
IBR Core are often considered to correspond to
metamorphosed Triassic turbidites of the Pane
Chaung Formation (United Nations 1978; Maurin
and Rangin 2009; Bannert et al. 2012; Morley
et al. 2020), as evidenced by similar U–Pb age distri-
butions (Zhang et al. 2017a; Najman et al. 2020).
Metamorphism in the greenschist facies is described
by Socquet et al. (2002) but the age of this metamor-
phism is not well constrained. Recent zircon fission-
track data do not provide a clear constraint on the age
of the metamorphism (Najman et al. 2020, 2022).
The relationship between the Triassic flysch and
the Kanpetlet Schists remains unresolved (Mitchell
2018f) as the metamorphic Kanpetlet Schists are
mainly in fault contact with the Pane Chaung
(Brunnschweiler 1966).

U–Pb age distributions of the Pane Chaung For-
mation were initially correlated with Sibumasu, sug-
gesting that the BT was part of Indochina before the
Mesozoic (Sevastjanova et al. 2016). More detailed
results from recent studies show that the main age
peaks of detrital zircons in the Pane Chaung Forma-
tion more closely resemble the Langjiexue Forma-
tion of the NE Himalayan collision zone,
suggesting that it was deposited adjacent to the
Indian area of northern Gondwana (NW Australia)
during the Triassic (Cai et al. 2016, 2020; Wang
et al. 2016; Yao et al. 2017; Naing et al. 2023).
This correlation suggests that the BT separated
from Gondwana after the Triassic.

Several studies have proposed that the Mount
Victoria Block forms a separate tectonic unit,
which was accreted to the CBB east of the WBO
in the Cretaceous or early Paleogene time (Acharyya
2007; Barber and Crow 2009; Metcalfe 2013; Ran-
gin et al. 2013; Searle et al. 2017; Zhang et al.
2017b). In the northern IBR, the oldest unit is the
Naga metamorphics with Early Ordovician schists
and gneisses (Aitchison et al. 2019). In contrast to
the Kanpetlet Schists and although usually inter-
preted as part of the IBR, the Naga Metamorphics
overthrust the ophiolite belt to the west.

Exposures of the oldest known units within the
CBB are limited and are mainly found in the least-

documented areas of northern Myanmar, in the Jade
Belt (Mitchell 2018b), Kumon Range (Mitchell
2018c) and Katha–Gangaw Range rocks (Mitchell
2018e; Aung et al. 2022). Mitchell (2018d )
describes several lines of evidence suggesting a
crust with a continental component; however, detri-
tal zircons from the internal drainage system of the
WPA lack evidence for an older crustal component
(Licht et al. 2020). East of the WPA, the Minwun
Range rocks crop out along the northern strands
of the Sagaing Fault, consisting of metamorphic
rocks, serpentinites and deformed carbonate rocks
(United Nations 1978; Thein 2015; Mitchell
2018g). Some of these middle Permian carbonate
rocks have been described as having a putative
Cathaysian affinity (i.e. correlated with warm-water
faunas of Indochina and the South China Block; Oo
et al. 2002; Barber and Crow 2009; Ueno et al.
2016), suggesting that at least part of the BT is
Cathaysian in origin (Licht et al. 2020). However,
this affinity is challenged by new descriptions of
middle Permian fusulines from the Thitsipin For-
mation of the Shan State (Zhang et al. 2020). Perm-
ian fusilinids are widely distributed around the
Paleotethys and limited palaeomagnetic data con-
strain the Permian palaeogeography of all the
blocks that are now merged in Asia. Furthermore,
the relationship of these carbonate rocks to the
BT remains ambiguous (Metcalfe 2017), as they
are located in strands of the Sagaing Fault and
thus could represent displaced slices of Sumatra
or Sibumasu.

The WPA

During the early Late Cretaceous, subduction began
along the present-day western margin of the BT, evi-
denced by the timing of ophiolite formation and
emplacement of the WOB dated to ∼125–130 Ma
(Fareeduddin 2015; Liu et al. 2016; Htay et al.
2017; Singh et al. 2017; Zhang et al. 2017a). This
was followed by magmatic activity along the
WPA, and the low latitude determined from palaeo-
magnetic data was interpreted as evidence that the
BT was a segment of a near-equatorial Trans-
Tethyan Arc (Westerweel et al. 2019). The main
phase of magmatic activity in the WPA was dated
to ∼110–90 Ma in the Wuntho Ranges (Licht et al.
2020). On the one hand, dated volcanic rocks sug-
gest sporadic activity in the Late Cretaceous, late
Eocene and Neogene (Crow and Khin Zaw 2017).
On the other hand, U–Pb DZA from the CBB sedi-
mentary basins have been interpreted as evidence
of a more continuous magmatic activity, assuming
that the Paleogene sedimentary rocks were mainly
derived from the WPA (Wang et al. 2014; Licht
et al. 2016).
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Late Cretaceous–Paleogene sedimentary
basins

The thick sedimentary basins within the BT are the
main source of information on the geological evolu-
tion of the BT since the Late Cretaceous. These
basins have been the subject of numerous studies
in recent years, particularly with the contribution of
extensive databases on U–Pb DZA (Allen et al.
2008; Wang et al. 2014; Licht et al. 2016, 2019;
Zhang et al. 2017a, 2019a, 2023; Najman et al.
2020, 2022; Arboit et al. 2021; Naing et al. 2023).
However, observations from sedimentary basins in
the northern IBR (the belt of Schuppen in the Naga-
land region of India) are rarely compared with those
from the BT central basins (Aitchison et al. 2019;
Betka et al. 2021; Ding et al. 2022).

The CBB hosts numerous basins in so-called
forearc and back-arc locations, subdivided by the
WPA (Fig. 2), as the Myanmar margin was tradi-
tionally considered to be the consequence of the
subduction of the Indian oceanic crust resulting in
the formation of an accretionary wedge, a forearc
basin and a volcanic arc (Gardiner et al. 2015).
Although this subdivision between forearc and
back-arc might be outdated, we will retain the
terms in the following for clarity. The Burmese
back-arc basins comprise the northern Shwebo
Basin and the southern Pegu Basin. Throughout
the Neogene, both basins were characterized by
southward-prograding fluvial and tidally influenced
estuarian sequences; the Paleogene and older
deposits of the back-arc basins remain poorly doc-
umented (Bender 1983; Pivnik et al. 1998; Khin
and Myitta 1999; Thein and Maung 2017). In the
Quaternary, the Shwebo and Pegu basins were
unconformably overlain by the fluvial Irrawaddy
Formation (Bender 1983).

The Burmese forearc is usually divided into two
main basins, the southern Minbu (or Salin) Basin
and the northern Chindwin Basin, separated by a
topographic high called the Pondaung Ranges
(Bender 1983; Rangin 2018; Licht et al. 2019; West-
erweel et al. 2020). The sedimentary rocks of the
Burmese forearc were sampled for this study, so
their stratigraphy is described in more detail below.

The oldest sedimentary rocks are the poorly
exposed Paung Chaung limestones unconformably
overlying the BT basement in the CBB and IBR,
which are Aptian–Cenomanian in age based on bio-
stratigraphic constraints from Orbitolina fossils,
planktonic foraminiferas and ammonites (Mitchell
2018g). The Paung Chaung sedimentary rocks
contain clasts of the IBR basement (e.g. Pane
Chaung Formation, Western Belt ophiolite and Kan-
petlet Schists). Mitchell (2018a) infer that these
Orbitolina limestones were widely deposited over
most of the BT.

The Minbu Basin

The Albian–Maastrichtian Kabaw Formation is the
second Cretaceous unit of the Burmese forearc, con-
sisting of marine limestones, mudstones, sandstones
and occasional conglomerates with clasts derived
from the Kanpetlet Schist (Bender 1983; Cai et al.
2020). Detrital zircons from the Kabaw Formation
yielded maximum depositional ages of ∼82–70 Ma
(Cai et al. 2020). Tuffaceous layers (later simply
referred to as ‘tuffs’) overlying amber-bearing sedi-
ments of the Kabaw Formation near the village of
Tilin yielded an age of 72.1+ 0.3 Ma (Zheng
et al. 2018).

The Cretaceous sequence is unconformably over-
lain by a Paleocene to middle Eocene sedimentary
sequence (United Nations 1978; Cai et al. 2020),
which consists of four sedimentary formations.
Unfortunately, these formations have poorly defined
stratigraphic boundaries and only sporadic geochro-
nological constraints. The first formation within this
sequence is the Paunggyi Formation (or Paunggyi
conglomerates), which consists of conglomerates,
tuffs, sandstones, mudstones and limestones (United
Nations 1978; Cai et al. 2020). The Paunggyi Forma-
tion covers most of the Paleocene, based on forami-
nifera (United Nations 1978), ∼65 Ma dated tuffs
and ∼70–62 Ma maximum depositional U–Pb
DZA (Cai et al. 2020). The Paunggyi Formation
grades into the finer-grained Laungshe Formation,
composed of marine mudstones and rarer sandstones
(Cai et al. 2020). This formation is poorly dated;
foraminifera fossils yield a lower to middle Eocene
age at one locality north of the town of Kyauktu,
with occasional Paleocene components identified at
other localities (Bender 1983). The middle Eocene
Tilin Formation sandstones and the fine-grained
marine shales of the Tabyin Formation (Bender
1983) have few geochronological constraints, from
foraminifera (Nagappa 1959) and one sample yield-
ing a maximum depositional age (MDA) of ∼47 Ma
based on U–Pb DZA (Cai et al. 2020); with MDA
determined by calculating the weighted mean of
the youngest normally distributed age population
of three or more grains that overlap within 2σ uncer-
tainty (Dickinson and Gehrels 2009). Due to its prox-
imity to the IBR, this Cretaceous to middle Eocene
sedimentary sequence is relatively more deformed
than younger deposits. Locally, there are complex
folding and numerous faults, although continuous
sequences following the general north–south trend
of the Burmese forearc occur as well (Fig. S1; Pivnik
et al. 1998). The sedimentary provenance of the Cre-
taceous to middle Eocene formations was interpreted
to be derived from both volcanic arc and recycled
uplifted sedimentary sources (Cai et al. 2020), as
indicated by U–Pb age distributions with ∼100–
60 Ma peaks and positive εHf values similar to the
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WPA (Gardiner et al. 2015, 2017; Zhang et al.
2017b; Lin et al. 2019), as well as significant popu-
lations of pre-Cretaceous zircons with age spectra
similar to the BT basement (Allen et al. 2008;
Naing et al. 2014; Najman et al. 2020).

Overlying the Cretaceous to middle Eocene units
is the late middle Eocene Pondaung Formation,
dated at ∼40 Ma (Khin Zaw et al. 2014; Jaeger
et al. 2019). The Pondaung Formation is composed
of westward directed, fluvio-deltaic sediments with
a continental upper member containing carbonate-
bearing palaeosols, stacked channels, fossil verte-
brates and freshwater gastropods. The upper Eocene
Yaw Formation overlies the Pondaung Formation
and consists of shallow-marine, fine-grained sedi-
ments containing nummulites. All subsequent for-
mations, the lower Oligocene Shwezetaw, middle
Oligocene Padaung and upper Oligocene Okhmin-
taung Formations, conformably overlie the Yaw For-
mation (Pivnik et al. 1998; Gough et al. 2020). They
are composed of fluvio-deltaic to increasingly
marine deposits towards the south (Bender 1983;
Gough et al. 2020). These units are followed by
the lower to middle Miocene fluvio-deltaic sedi-
ments of the Pyawbwe, Kyaukkok and Obogon For-
mations. Finally, the middle Miocene–Pliocene
Irrawaddy Formation unconformably covers the
sequence in most of the CBB lowlands.

The Chindwin Basin

The sedimentary sequence of the Chindwin Basin is
similar to the Minbu Basin up until the upper Eocene
Yaw Formation, which is shallow marine in the
Minbu Basin, but is characterized by shallow marine
to estuarian/fluvio-deltaic sediments in the Chin-
dwin Basin (Licht et al. 2019; Gough et al. 2020).

The Yaw Formation is overlain by the exclu-
sively fluvial deposits of the upper Oligocene
Tonhe Formation and lower Miocene Letkat Forma-
tion (Bender 1983; Licht et al. 2019; Westerweel
et al. 2020). In contrast to continuous deposition in
the Minbu Basin, the late Eocene to early Miocene
of the Chindwin Basin is characterized by large dep-
ositional hiatuses, which are contemporaneous with
basin-wide unconformities. These were linked to
major uplift and exhumation phases in the northern-
most BT, which eventually entered the Eastern
Himalayan collision zone during the late Oligo-
cene–early Miocene (Westerweel et al. 2020).

Overlying the Letkat Formation are the thick
Natma and Shwethamin formations, which consist
of non-fossiliferous fluvial sandstones interbedded
with abundant palaeosols (United Nations 1978;
Bender 1983). These formations are middle Miocene
age, younger than the Letkat Formation, which has
yielded ∼19–16 Ma maximum depositional ages
from U–Pb DZA and Apatite Fission Track detrital

ages (Westerweel et al. 2020), and older than the
overlying base of the Irrawaddy Formation (locally
called Mingin Gravels), which has yielded 14–
11 Ma fossiliferous mammals (Tetralophodon cf.
Falconeri, Bunolophodon cf pandionis, Bunolopho-
don angust. palaeoindicus, Listriodon pentapota-
miae) coeval to the Chinji fauna of Pakistan
(Bender 1983). Similar to the Minbu Basin, the Irra-
waddy Formation ends the Chindwin Basin sedi-
mentary sequence; see Jonell et al. (2022) for a
detailed description of the Neogene evolution of
the CBB basins.

Hukawng Basin

The Hukawng Basin, located north of the Chindwin
basin and east of the Naga Hills, is an understudied
region (Mitchell 2018a). The basin is bounded on
the NW by the Naga Metamorphic Complex, on
the north and NE by the Upper Triassic Nyu Hka
Formation and minor ophiolite fragments, and on
the east by metamorphic rocks of the Kumon
Range. To the SW, the Jade Mines Uplift forms the
basin’s southern border (Mitchell 2018a). The
Hukawng Basin is home to the most famous Creta-
ceous Kachin amber mines, whose fossil assem-
blages provide insight into the origin of the BT
(Grimaldi et al. 2002). The sedimentary sequence
that the amber mines excavate consists mainly of
occasionally folded clastic sedimentary rocks, alter-
nated with thin limestone beds, and abundant carbo-
naceous material (Grimaldi et al. 2002; Cruickshank
and Ko 2003). Mitchell (2018a) indicates that the
Cretaceous limestones in the amber mines are also
equivalent to the Albian–Cenomanian Namakauk
Limestone found east of Pinlebu on the western
flank of the WPA, to the Orbitolina Limestone in
the jade mines areas, to the Orbitolina limestone
widespread in the Tagaung–Myitkyina belt and to
the Paung Chaung Limestone in the IBR. It is of sig-
nificant importance to note that an additional signifi-
cant amber site (Khamti amber) is situated to the SW
of the Jade Mines Uplift. The ambers are found in
Orbitolina limestone and interbedded sandstones,
which are slightly older (∼109 Ma; Xing and Qiu
2020) than the Kachin amber site.

Sedimentary deposits of the IBR

Thermochronological data from the central IBR
(Najman et al. 2020, 2022) provide late Oligocene–
early Miocene zircon U–Th/He (ZHe) cooling
ages in late Cretaceous to Eocene sandstones and
late Middle Miocene apatite fission track ages, indi-
cating a major exhumation phase of the mountain
range that began mainly during the latest Oligo-
cene–Miocene, with a possible precursory event in
the late Eocene (Najman et al. 2020). The late
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Cretaceous to Eocene basins have thus been strongly
eroded, especially considering that the resetting of
the ZHe ages of the detrital zircons is due to burial,
suggesting the IBR was covered by a thick late
Cretaceous to Eocene cover. U–Pb DZA in late Cre-
taceous (Falam Fm) to Eocene sandstones (Chun-
sung Fm) from the IBR share a similar distribution
to those of the BT central basins, mainly suggesting
the same source for the sediments (Allen et al. 2008;
Naing et al. 2014, 2023; Najman et al. 2022).

Methods

Palaeomagnetic sampling

Conventional palaeomagnetic core samples were
obtained from several localities with different rock
types in the Burmese forearc in western Myanmar,
in both the Minbu and Chindwin Basins (Fig. 2 and
Fig. S1). In addition, six sites were sampled in Paleo-
gene sediments of the IBR along the road from Kale-
myo to Falam and six sites were drilled in ophiolitic
rocks. The locations of all sites are given in a supple-
mentaryGoogle Earth archive (SupplementaryMate-
rial S1). Sampling and sample orientation were done
using standard palaeomagnetic field equipment and
procedures with both magnetic and sun compasses.
In the field, it is often difficult to identify a specific
formation in the Paleocene–Eocene sections.

Palaeomagnetic sampling in the Minbu Basin

Three sites were located around the Sidotkaya Town-
ship (ST), in the southwestern Minbu Basin in close
proximity to the IBR. Local faulting is present in this
area due to its proximity to the IBR (Fig. S1). Site
ST01 is a ∼65 m thick section of sandstones and
mudstones of the Paleocene to lower Eocene
Laungshe Formation, exposed in a ∼200 m long
roadcut to the SE of Sidoktaya. The sedimentary
bedding is largely continuous, following the general
north–south trend and eastward dip of the basin, and
the section is not overturned based on observations
from cross-bedding orientation. However, small-
scale thrusts are present at the bottom of the section.
Site ST01 corresponds to 44 collected samples in
grey-brown to blue-grey mudstones (Fig. 3a). Eleven
samples were drilled at site ST02 in grey and white
tuffs of the Paunggyi Formation, near the dam
north of Sidoktaya (Fig. 3b). The tuffs at this location
are undoubtedly contemporaneous with those, far-
ther south, recently dated by Cai et al. (2020) and
Gentis et al. (2023) at ∼66–61 Ma. This provides
unquestionable evidence for an early Paleocene age
for the upper part of the Paunggyi Formation. Unlike
ST01, the bedding of this site is not parallel to the
general trend of the basin, and is internally deformed
with local folding and faulting. Nearby site ST02, no

significant results were obtained in the deformed and
weathered siltstones of site ST03.

Eight sites were sampled around the town of Saw
(SW) farther to the north in the Minbu Basin. Similar
to the Sidoktaya sites, local faulting is present here
due to proximity to the IBR (Fig. S1). Sampled
rocks here are grey mudstones and siltstones. Two
of these sites (SW02 and SW04) are from the
Laungshe Formation, similar to site ST01. SW02,
located south of the Laungshe town, is a long contin-
uous type section of the Laungshe Formation, from
which we collected 31 samples (Fig. 3c). It follows
the general ∼north–south trend and eastward dip of
the Minbu Basin, although there are occasional
small-scale faults and slumps that were avoided dur-
ing sampling. SW04 is a smaller site of 10 samples. It
is located along a strike-slip fault (Fig. S1). Silt-
stones of the Laungshe Formation were also sampled
at two nearby sites, SW01 and SW05, which did not
provide palaeomagnetic results. Two other sites near
Saw are from the Tilin Formation (SW03 and
SW07). SW03 is located on the same strike-slip
fault as SW04, and provided eight samples. By con-
trast, site SW07 again follows the general ∼north–
south trend of the basin with a steep eastward dip
and yielded 14 samples. Site SW08, with 16 sam-
ples, was obtained in the younger Tabyin Formation.
It also follows the general ∼north–south trend of the
basin. At site ST04, 13 samples were drilled in ver-
tical beds of the Tabyin Formation near a fault zone.

The 20 samples taken at site SW09were drilled in
mudstones of the Upper Cretaceous Kabaw Forma-
tion that is exposed farther north, near the town of
Tilin, close to the Kabaw fault. Amber mines proxi-
mal to Tilin have yielded geochronological con-
straints from dated tuff layer (72.1 + 0.1 Ma, in
Zheng et al. 2018) that provided Campanian–Maas-
trichtian ages for the Kabaw Formation in this area,
consistent with maximum depositional ages from
Cai et al. (2020). Site SW09 is therefore probably
Campanian–Maastrichtian in age, although it should
be noted that the exact coordinates of these Tilin
amber mines have not been published.

Our samples from the upper middle Eocene Pon-
daung Formation were collected from nine sites
(PD01–PD09) with variable bedding around the
towns of Bahin and Pangan. These are part of the
Pondaung Ranges, an anticlinal topographical high
on the northern edge of the Minbu Basin separating
it from the Chindwin Basin. The 89 samples from
these nine sites consist of fine-grained red to brown
and purple palaeosols (Fig. 3d).

In the∼north–south trending rollover anticline of
the Yenangyat–Chauk Thrust (Pivnik et al. 1998) at
the Tantkyitaung Pagoda, west of Bagan (Supple-
mentary Fig. S1), we sampled three sites (TP) in the
middle Oligocene Padaung Formation, two on the
western limb of the anticline near the fold axis
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(TP01 and TP02) and the third on the eastern limb but
with a brownish colour indicating some weathering
(TP03). The grey to beige fine-grained sandstones and
siltstones of these sites yielded 31 samples (Fig. 3e).

The remaining localities in the Minbu Basin did
not provide reliable results (Supplementary Material
S2). These are two sedimentary sections in the upper
Eocene Yaw (YP) and lower Oligocene Shwezetaw
Formations (SP) near the Shwezetaw Pagoda.
Seven sites were drilled in the Dakton area, espe-
cially near the Dam north of the Ngape town,
where fresh outcrops of tuffs, siltstones and sand-
stones are exposed. Although palaeomagnetic results
from the same location have been reported by Li
et al. (2020), our own study casts doubt on the reli-
ability of these results.

Palaeomagnetic sampling in the Chindwin
Basin

In the Chindwin Basin, we sampled 27 sites in the
middle Miocene Natma Formation (NM), located

in badlands around the road north of the town of
Kalewa to Mawlaik in the western Chindwin
Basin. In this area, the Natma Formation is part of
a large north–south-trending, ∼35° east-dipping,
monoclinal sedimentary section, where 219 samples
were drilled at 27 sites in fine-grained red to brown
and purple palaeosols. The yellow-brown colour of
some samples is interpreted as evidence for recent
incipient weathering (Fig. 3f).

Immediately west of the Chindwin Basin and
WBO, sampling of the Triassic basement rocks and
Paleogene turbiditic sediments within the IBR (PC)
did not provide interpretable results (Supplementary
Material S2).

Palaeomagnetic analysis

The natural remanent magnetizations (NRMs) of the
collected samples were measured on a 2G cryogenic
magnetometer located in a magnetically shielded
room at Geosciences Rennes. Stepwise thermal
demagnetization with increments of 20–50°C up to

Fig. 3. Representative outcrops and lithologies related to this study. The site names, lithologies and localities are
indicated in each photograph.
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680°C, and three-axis alternating field (AF) demag-
netization with increments of 2.5–10 mT up to
120 mT were used to isolate the characteristic rema-
nent magnetization (ChRM) of each sample. Subse-
quently, the ChRM directions of interpretable
samples were obtained using principal component
analysis (Kirschvink 1980) and, in a few cases, a
great-circle approach (McFadden and McElhinny
1988). Great circles are often useful in lightning-
affected volcanic rocks where the great circles are
controlled by the ChRM and secondary magnetiza-
tions due to lightning that should have different
directions between samples drilled several metres
apart. The intersection of the great circles is then
clearly the ChRM for the site. In sediments where
the secondary magnetization is a viscous overprint
in the present-day field, great circles between this
secondary and primary magnetization should all be
parallel at the site level, and it is not possible or tricky
to use great-circle intersection. The determination of
the site-mean direction cannot be done unless there
are already numerous well-defined characteristic
vectors at the site. The other possibility is to have
great circles from different sites with significant var-
iation in bedding direction and great circles from dif-
ferent sites will intersect after tilt correction to
provide the pre-tectonic characteristic direction.
However, this is not often the case, so we have
been very cautious and often discarded such data.
Well-determined ChRM directions from the same
locality and age were grouped, after which mean
directions and corresponding statistical parameters
could be calculated (Fisher 1953; Butler 1992).

To better constrain the origin of magnetization,
we investigated the magnetic properties of our sam-
ples using several methods. Before demagnetization,
the anisotropy of magnetic susceptibility (AMS) of
each sample was measured on a KLY3S AGICO
Kappabridge to determine the magnetic fabric in
every locality. In sediments, the minimum axis is
typically orthogonal to the bedding and the maxi-
mum axis (Kmax) of the AMS ellipsoid will gradually
be aligned with the fold axis in compressive regimes
(Hrouda 1982; Kissel et al. 1986). After each thermal
demagnetization step, the bulk magnetic susceptibil-
ity of each sample was measured to monitor chemi-
cal changes during heating. Furthermore, magnetic
hysteresis loops were obtained for samples from dif-
ferent localities and lithologies. Finally, acquisition
of isothermal remanent magnetization (IRM) was
done up until 2400 mT for selected samples to eval-
uate differences in mineralogy. For several samples,
the acquired IRM was then thermally demagnetized
by increments of 20–50°C up to 680°C to further
characterize the magnetic carriers.

Raw demagnetization data of all samples are
accessible in the MAGIC palaeomagnetic database.
Several sites did not yield reliable palaeomagnetic

results. These sites are not presented as part of our
main palaeomagnetic analysis, but are presented in
Supplementary Material S3. Given the difficulties
in obtaining interpretable data, we feel it is important
to provide this information to guide future sampling
in the region. All sites are used to discuss rock mag-
netic properties, especially the magnetic susceptibil-
ity, observed across the BT.

Results

Rock magnetism

Magnetic susceptibility

Bulk magnetic susceptibility provides first-order
information on the basic magnetic properties of the
sedimentary rocks sampled in this study, especially
when compared with values observed in the igneous
rocks of the Wuntho Ranges (Westerweel et al.
2019) and in the Yaw and Letkat sedimentary
rocks from the Chindwin Basin (Westerweel et al.
2020). On average, the bulk magnetic susceptibility
in the sediments is two orders of magnitude lower
than in the igneous rocks (Fig. 4 and Fig. S2). Hys-
teresis plots indicate a large paramagnetic compo-
nent (.90% of the high field magnetization) in
most sampled rocks, preventing even an accurate
paramagnetic correction (Fig. S3). The large para-
magnetic content further corroborates the low con-
centrations of detrital magnetite in samples with
magnetic susceptibility below ∼4 × 10−4 SI. The
wider scatter in NRM intensity than in magnetic sus-
ceptibility (Fig. S2) reflects a strong control of para-
magnetic minerals on the bulk magnetic
susceptibility as well. The low concentrations of
detrital magnetite could be related to an initial low
magnetite content of the source rocks or intense
chemical weathering of the sedimentary sources,
possibly enhanced by sediment reworking or pro-
longed sediment transport, and diagenesis (Roberts
2015), as indicated by previously reported intense
mineral alteration in these formations (Garzanti
et al. 2016; Jonell et al. 2022). There are a few
exceptions to this general trend. Detrital magnetite
is found in some layers of volcaniclastic sandstones
of the Paunggyi Formation, several red palaeosols
layers from the Pondaung Formation and, notably,
in the sandstones of the Letkat Formation (Wester-
weel et al. 2020).

Magnetic properties of yellowish to red
palaeosols

The IRMs of many samples from palaeosols of the
Pondaung (PD) and Natma (NM) Formations are
not yet fully saturated at 2300 mT, suggesting that
high coercivity phases such as hematite play an
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important role alongside magnetite. This is further
illustrated by the fact that the many samples from
these localities show demagnetization of the IRM
up to 680°C (Fig. 5f). Higher bulk magnetic suscep-
tibilities in some layers of the Pondaung Formation
are due to a higher detrital magnetite content
(Fig. 4). Samples from the Natma Formation have
generally lower bulk magnetic susceptibilities
despite their apparently similar lithology to the Pon-
daung Formation, representing differences in sedi-
mentary provenance. The low magnetite content of
samples from the Natma Formation contrasts espe-
cially with the magnetite-rich underlying sandstones
of the Letkat Formation, and this suggests a differ-
ence in provenance or exhumation rates at the
source location.

Magnetic properties of marine shales and
siltstones

Here we include all sites in Late Cretaceous and
Paleogene formations except the Ponduang Ranges.
IRM acquisition (Fig. 5a) shows that magnetite is
the major remanent magnetic carrier in most marine
shale and siltstone samples. This is further supported
by thermal demagnetizations of IRM up to 580°C
(Fig. 5f). However, laboratory experiments, espe-
cially highfield experiments such as hysteresis cycles
(Fig. S3), IRM (Figs S4 and S5) or ARM acquisition
(Fig. S6) were often not pertinent to distinguish sam-
ples that were either good or poor recorders of well-
defined characteristic magnetizations. At site ST01,
near Sidoktaya, the marine shales also have a high-

coercivity phase, probably hematite, as ∼5–15% of
the IRM is acquired above 250 mT (Figs S4 and
S5) and demagnetized above 580°C. This specific
mineralogy is probably the reason for the excellent
palaeomagnetic demagnetization data from this site,
as the samples with evidence of weathering have
the lowest hematite content.

During thermal demagnetization, the magnetic
susceptibility increases above ∼400°C (Fig. S7),
possibly due to the transformation of pyrite to mag-
netite during heating, which favours the formation of
spurious magnetizations in the laboratory. For this
reason, data from demagnetization steps above
400°C were often not included in the analyses, espe-
cially for samples with relatively low natural rema-
nent magnetizations.

Magnetic viscous overprint and weathering

Samples were stored in the shielded room several
days or weeks before remanent magnetization mea-
surements. This procedure often reduces the impor-
tance of short-term viscous remanent magnetization
(VRM). Yet, persistent magnetic overprints acquired
in situ in the recent past are common in many sam-
ples at different locations, generally in more brown-
ish rocks affected by recent weathering (Fig. S8).

Recent weathering is a major problem in the
palaeomagnetic study of these rocks and it is more
problematic with increasing grain size, especially
in siltstones to sandstones. We carried out a two-
week viscosity test in the laboratory field (Prévot
1981) on seven samples from the marine shales of

Fig. 4. Histograms of volume magnetic susceptibilities (in log-transformed SI units) observed in the various
lithological units of the BT. Locations and raw palaeomagnetic data for all of these sampled units are given in
Supplementary Material S1 and S2. See also Westerweel et al. (2019, 2020).
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the Shwezetaw and Yaw Formations of the Minbu
Basin. The short-term VRM acquired during two
weeks ranged from 30 to 136% of the NRM in
these samples. In samples previously demagnetized

at 150°C, the VRM acquisition is almost twice as
high as in unheated samples (Fig. S9), highlighting
the high capacity to acquire VRM in the low-
temperature range (,200°C). Because of the

(a) (b)

(c) (d)

(e) (f)

Fig. 5. Plots of isothermal remanent magnetization (IRM) acquisition for marine mudstone samples from (a) the Saw
area and (b) the Sidoktaya area and samples from (c) palaeosols of the Pondaung and Natma Formations and (d)
mudstones from the Padaung Formation. (e) Normalized hysteresis loops of representative samples from all localities.
(f ) Thermal demagnetization of IRM up to 680°C. Hematite-bearing samples from the Pondaung (PD) and Natma
(NM) Formations are shown in purple.
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logarithmic variation with time, for a total VRM
acquired during the last normal Brunhes Chron (0.
78 Myr), about one-third of the VRM could be
short term (weeks), about one-third acquired during
the past 400 years and the last third for the rest of
the Brunhes period. However, it is difficult to extrap-
olate with time the short-term VRM acquisition in
the laboratory over time. Although this low-
temperature component is often presented as a vis-
cous magnetization acquired in the present-day
field or in long-term normal field during the last nor-
mal Brunhes Chron, our data fromMyanmar provide
evidence that such an overprint may be acquired over
the last centuries.

In outcrops from recent road cuts, the fresh mud-
stones present a blue-grey colour, and the weathered
material often has grey to brown colours. In some
natural outcrops, such as in small streams with
lower erosion rates, weathering may be more pro-
nounced. For example, several siltstone samples
were drilled from a stream exposure of Oligocene
Shwezataw Formation. A well-defined low unblock-
ing temperature ChRM component is resolved (Fig.
S8) and it has shallower inclinations than expected
by the present-day field or the normal dipole field.
The global secular variation of the Earth’s magnetic
field is well established for the last four centuries
(GUFM model; Jackson et al. 2000). The geomag-
netic inclination over Myanmar has been low over
the last centuries. The low-temperature component
may be the result of VRM acquisition under a weath-
ering process over four to five centuries that likely
stabilized these VRMs. At other sites in the sand-
stones (such as site MY31; Fig. S8) the overprint
has slightly higher unblocking temperatures and a
direction closer to the long-term dipole field. These
samples have no short-term viscous magnetization
and weathering likely hardened a Brunhes VRM as
suggested for a maghemitization process (Jackson
and Worm 2001). These two examples illustrate
the importance of recognizing such secondary mag-
netizations. Strong overprint in the Brunhes normal
field is also observed in red palaeosoils from the Pon-
daung Formation containing detrital magnetite. In
these cases, oxidation of large magnetite grains
may even lead to more resistant magnetic overprints.

In the marine shales, weathering either reduces or
increases NRM intensities and high-field magnetic
properties do not provide relevant information to
classify such samples. For example, sample
20SW0706 has a strong NRM with a single compo-
nent in the present-day field and the AF demagnet-
ization of a 1.0 T IRM indicates a high magnetic
coercivity (see Fig. S5 and the next section for fur-
ther details on the palaeomagnetic analyses). The
resistance of magnetizations during AF demagneti-
zations does not guarantee a primary magnetization.
However, magnetizations with low unblocking

temperatures are always suspected of being a
recent overprint.

Anisotropy of magnetic susceptibility

AMS data show a magnetic fabric related to compac-
tion as the minimum susceptibility is perpendicular
to the bedding (Fig. 6). The magnetic lineation is
best observed in samples from the middle Miocene
Natma Formation in the Chindwin basin. The anisot-
ropy is significant at Sidoktaya, Saw and Tantkyi-
taung Pagoda, and up to 1.2 for site SW08 in the
Tabyin Formation.

Characteristic remanent magnetizations

In general, the magnetic properties of our sampled
rocks in the Burmese forearc appear to be affected
by a degree of alteration that typically increases
with grain size, but most fresh outcrops of fine-
grained rocks retain a primary or early diagenetic
magnetic signal. AF demagnetization was signifi-
cantly less efficient than thermal methods in separat-
ing components of magnetization, particularly in
removing large overprints in the recent field as dis-
cussed above. AF demagnetization was mainly
used to check the magnetic properties or when the
same magnetization component could be unambigu-
ously determined by both methods. During AF
demagnetization, we also often observed gyrorema-
nent magnetizations (GRMs) above 30–40 mT and
these GRMs were cancelled by measuring the rema-
nent magnetization after each axis of AF demagnet-
ization (x, y, z) (Dankers and Zijderveld 1981;
Roperch and Taylor 1986) (examples are shown in
Fig. S10).

Campanian–Maastrichtian (Kabaw Formation
at Saw)

Twenty mudstone samples were drilled from the
Kabaw Formation at site SW09 near Saw. The
NRM intensity is low (2 × 10−4 A m−1) and there
are chemical changes above 400°C. Seventeen sam-
ples yielded apparent ChRMs in the temperature
range 250–430°C with magnetite as the most likely
carrier (Fig. 7e). In geographical coordinates, the
remanent magnetization above 250°C tends to clus-
ter around a south declination and a positive inclina-
tion of about 40°, far from the present-day field (Fig.
S11). The bedding follows the overall north–south
trend of the Minbu Basin with no evidence for over-
turning. After bedding correction, the SW09 mean
direction becomes declination (D) = 149.7°/incli-
nation (I ) = 17.9°, Fisher cone of 95% confidence
(α95) = 8.3° (Fig. 8; Table 1). However, the stability
of the remanent magnetization is low and further
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work would be required to obtain a robust palaeola-
titude for the Kabaw Formation.

Paleocene to early Eocene (Sidoktaya and Saw)

SE of Sidoktaya (ST), we obtained the most stable
ChRMs in 27 blue-grey mudstone samples out of
27 thermally and 17 AF demagnetized samples
along the road cut section of site ST01. The samples
with the well-defined ChRMs have an average NRM
intensity of 10−3 to 2 × 10−3 A m−1 while the
rejected samples show evidence of weathering with
lower intensity of NRM ∼2 × 10−4 A m−1. The
thickness of the section providing useful palaeomag-
netic results is about 50 m.

The remanent magnetization is especially stable
upon AF or thermal demagnetization up to 580°C
(Fig. S12). The ChRMs were anchored to the origin
in the temperature range (220–580°C) (14 samples)
and above 20 mT for AF demagnetization (13 sam-
ples) (Fig. 7a, b), providing a well-grouped mean
direction. The mean direction is D = 253.8°, I =
−22.8°, α95 = 4.1°, k = 46 and D = 253.7°, I =
35.1°, α95 = 4.1°, k = 46 after bedding correction
(Fig. 8; Fig. S4; Table 1). The rejected samples

with less accurate ChRM vectors support the same
result but were not taken into account because the
number of high-quality samples is already suffi-
ciently high. Both the univectorial magnetization
and the presence of magnetite as the main magnetic
carrier support the interpretation of a primarymagne-
tization. In IRM acquisition experiments, there is
evidence for a high coercivity phase above
250 mT. This may be evidence for some oxidation
during early diagenesis that somehow made the rem-
anent magnetization more stable as there is no evi-
dence for a different ChRM carried by hematite.
We have not found evidence supporting a late sec-
ondary magnetization for these rocks and we there-
fore consider that the magnetization was acquired
before tilting of the strata.

The 12 samples from site ST02, from the grey
and white tuffs of the Paunggyi Formation, present
a larger overprint and more site-level scatter than
ST01 (Figs 7a–c & 8). Following the removal of
an overprint in the present-day field, the ChRMs
show well-defined directions with southward decli-
nations at temperatures up to 580°C (Fig. 7c and
Fig. S13). The mean inclination after tilt correction
of ST02 is I = −2.7°/α95 = 11.2°.

(a) (b) (c) (d)

Fig. 6. Equal-area lower-hemisphere plots of the anisotropy of magnetic susceptibility (AMS) of all samples for the
(a) Paleocene−middle Miocene, (b) late middle Miocene, (c) middle Oligocene and (d) Middle Miocene. The top row
shows in situ data and the middle row data after bedding correction. Plots of the shape (T ) of the anisotropy ellipsoid
v. the corrected degree of anisotropy (P′) (Jelinek 1981). Sorted by locality and age are shown in the bottom row.
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The other early Paleogene sites from Saw (SW)
provide stable ChRMs up to 460°C far from the
present-day field direction, although with generally
more scatter compared with site ST01 (Fig. 8; Fig.
S4; Table 1). Site SW02 was sampled along a
∼200 m long continuous section of the Laungshe

Formation with some synsedimentary deformation,
but we did not sample the most deformed sedimen-
tary beds. Deformation is not visible in the AMS
results (Fig. 6). The magnetic fabric is controlled
by compaction. Samples with stable magnetization
from site SW02 are of normal polarity, suggesting

(a) (b) (c)

(d)

(g)

(i)

(k)

(l)

(m)

(h)

(j)

(e) (f)

Fig. 7. Representative orthogonal demagnetization plots in geographical coordinates for samples from the different
localities in this study (a–m). Open green circles (filled red circles) are the vertical (horizontal) component.
Demagnetization steps given on each plot are in °C.
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a latest early Eocene age during an interval when
normal polarity chrons become more common.
Twelve reliable samples with stable demagnetiza-
tions and coherent ChRM directions away from the
present-day field (Fig. 7d; Fig. S14) yield a mean
direction of D = 61.2°, I = 2.2°, α95 = 7.8° after
bedding correction.

Site SW07 in the Tilin Formation gives interpret-
able results from eight samples, providing a mean
direction of D = 25.1°, I = −21.7°, α95 = 7.8°
after tilt correction (Fig. 8, Fig. S15). Sites SW03
(Tilin Formation, seven samples; Fig. S16) and
SW04 (Laungshe Formation, eight samples; Fig. 8
and Fig. S17) exhibit mean directions of D = 179.
7°, I = 18.8°, α95 = 12.1° and D = 3.6°, I = −1.
5°, α95 = 9.7°, respectively.

At site ST04, and in the Tabyin Formation, the
ChRMs shown by in situ coordinates are steep and
different from the present-day field (Fig. 8; Fig.
S18) with a tilt-corrected direction with a south
declination. The geometric mean intensity of the
NRM is greater than 1.0 mAm−1 and only a single
component of magnetization was identified.

Samples from site SW08 in the Tabyin Formation
have a stronger input of magnetite as shown by
higher magnetic susceptibility of 500 × 10−6 SI
and an NRM intensity about 5 × 10−3 Am−1.
There is no secondary overprint in the present-day
field and the 16 samples yielded very well-defined
ChRMs (Fig. 7f; Figs S10 & S19), resulting in a
well-determined mean direction of D = 201.7°, I =
0.7°, α95 = 4.9°.

In summary, sites ST01 and SW08 have very
well-defined ChRMs. The other sites show more
complexity in demagnetization but a reliable
ChRM is always clearly distinguishable from an
overprint of present-day direction.

Late middle Eocene (Pondaung Ranges)

In contrast to the marine mudstones discussed above,
these samples are in yellow to red claystones from
palaeosols of the Pondaung Formation (PD). Sam-
pling was particularly challenging, because it was
usually necessary to remove a 20–50 cm thick
cover of recent soils due to weathering to reach
fresh outcrops. The remanent magnetization is car-
ried by magnetite and hematite. A normal overprint
was not always fully removed in many samples,
either by thermal (Fig. 7j; Fig. S20) or AF demagnet-
ization (Fig. S20). Twenty-eight samples provided
demagnetization paths on great circles showing a
reverse polarity component at high temperatures.
Unfortunately, the intersections of great circles are
mainly constrained by the recent in situ overprint
and the variation in bedding attitude is not large
enough to secure the use of great circles after bed-
ding correction. We observe that the directions in
the high-temperature interval (460–640°C) are dis-
tributed in two opposite clusters and not in the
present-day field (Fig. S21). Taking into account
the scatter and the difficulty to fully remove the over-
print, ChRM vectors were determined from 28 sam-
ples with normal or reverse polarity (Fig. 7g–I; Fig.
S20) and we do not determine a mean direction per
site but for the area. These normal and reversed
polarity magnetizations were identified stratigraphi-
cally at different locations and not in the same
beds. The obtained ChRMs carried by hematite at
high temperatures are interpreted to be acquired dur-
ing sedimentation or early diagenesis in the palaeo-
sols and it is not a late magnetization. Previous
magnetostratigraphic results in the Pondaung For-
mation of only normal polarity (Benammi et al.
2002) are likely the consequence of a poorly

Fig. 8. Equal-area projections of interpretable palaeomagnetic results from this study and Westerweel et al. (2019)
before (in situ) and after tilt correction. The estimated mean direction for each site is shown with a star and the
associated 95% angle of confidence by the coloured outline. Open (filled) symbols are for negative
(positive) inclinations.
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Table 1. Palaeomagnetic mean directions from this study and Westerweel et al. (2019)

Name Locality Formation Lithology Sites N/n/s IS TC

D I α95 k D I α95 k

Late Cretaceous
MY* Wuntho Ranges Wuntho volcanic

complex
intrusives, extrusives,
volcaniclastics, clastics

16 69.2 −9.8 10.1 14.2 – – – –

SW09 Saw Township Kabaw Formation mudstones, siltstones 1 17/20/29 185 40.1 8.3 19.3 149.7 17.9 8.3 19.3

Paleocene–middle Eocene
ST01 Sidoktaya

Township
Laungshe Formation mudstones, siltstones 1 27/43/45 253.7 −23.0 4.3 44.2 253.6 35.0 4.3 44.2

ST02 Sidoktaya
Township

Paunggyi Formation tuffs 1 12/11/15 167.4 −67.9 11.2 15.9 192.0 2.7 11.2 15.9

SW02 Saw Township Laungshe Formation mudstones, siltstones 1 12/31/37 43.6 40.4 7.8 31.6 61.2 2.2 7.8 31.6
SW03 Saw Township Tilin Formation mudstones, sandstones 1 7/8/10 200.1 43.0 12.1 25.9 179.7 18.8 12.1 25.9
SW04 Saw Township Laungshe Formation mudstones 1 8/10/19 6.7 −11.1 8.7 41.9 3.6 −1.5 9.7 33.7
SW07 Saw Township Tilin Formation mudstones, siltstones 1 8/14/17 29.2 15.2 7.8 51.4 25.1 −21.7 7.8 51.4
SW08 Saw Township Tabyin Formation mudstones, siltstones 1 16/16/16 193.8 −23.2 4.9 57.8 201.7 0.7 4.9 57.8
ST04 Saw Township Tabyin Formation mudstones, siltstones 1 14/13/15 282 45 8.1 27.2 211.5 24.3 8.1 27.2

Late middle Eocene
PD Pondaung

Ranges
Pondaung Formation palaeosols 9 25/71 185.0 0.7 5.8 26.2 4.9 8.6 5.6 27.7

MA-MD* Kalewa
Township

Yaw Formation mudstones, siltstones,
sandstones, siderites

6 140/520 12.6 4.2 3.3 13.8 14.6 1.9 3.3 13.9

*Data from Westerweel et al. (2019).
Combinedmean directions are also shown. The results are displayed in both in situ (IS) and tectonic-corrected (TC) coordinates (applied bedding corrections and site coordinates are listed inTable S1).N, number of
studied specimens used formean direction; n, number of studied core samples; s, number of studied specimensD, mean declination; I, mean inclination;α95, Fisher cone of 95%confidence; k, dispersion parameter.
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identified normal overprint with wide unblocking
temperatures. Therefore, the magnetostratigraphic
age and the close to present-day palaeolatitude deter-
mined by Benammi et al. (2002) should
be discarded.

Our new mean direction for the Pondaung For-
mation, calculated from 28 samples, is D = 5.6°,
I = −3.2°, α95 = 6.1°, k = 21.1 in in situ coordi-
nates and D = 5.8°, I = 6.6°, α95 = 5.6°, k = 24.9
after bedding correction.

Middle Oligocene (Tantkyitaung Pagoda)

From the middle Oligocene Padaung Formation
exposed within the large Tantkyitaung Pagoda anti-
cline (TP), 30 fine-grained siltstone samples were
progressively demagnetized thermally or by AF,
providing univectorial demagnetizations (Fig. 7k).
Bulk magnetic susceptibilities of on average
∼0.0006 SI but up to ∼0.002 SI indicate that these
fine-grained mudstones may contain some detrital
magnetite. The NRM is also higher than in the
Eocene sites with a mean value of around
8.0 mA m−1. Median demagnetization temperatures
are in the range ∼200–250°C, but the demagnetiza-
tion plots do not allow a clear separation of two mag-
netic components. The low unblocking temperature
component (130–250°C) is not very different from
the high-temperature ChRMs (250–540°C) deter-
mined with vectors anchored to the origin, except
for a few samples at TP02 showing a ChRM vector
that does not pass through the origin. The mean
directions in in situ coordinates have shallower incli-
nation than the direction expected from the dipole
field or the present-day field. Sites TP01 and TP02,
from the western limb of the anticline near the fold
axis with near subhorizontal bedding, yield a mean
declination of ∼350°, and the declination of the
ChRM at site TP03 on the eastern limb is ∼25°
(Fig. 9). The strike of bedding at site TP03 is nearly
north–south oriented with a similar north–south ori-
ented horizontal ChRM, so the bedding correction
does not provide a robust fold test.

The Tantkyitaung Pagoda anticline is located in
the hanging wall of a large thrust fault (Fig. S1).
The differing declinations could be the result of
local deformation. However, the lack of a positive
fold test and the very small angle difference between
the low-temperature and high-temperature compo-
nents cast some doubt on this result and we will
not use it for plate reconstruction purposes.

Middle Miocene (Kalewa)

All samples in the Natma Formation (NM) are from
red to orange mudstones layers interbedded with
coarse sandstones, similar to the Pondaung Forma-
tion. Samples are usually distributed over thick

mudstones beds or several beds at each site. A few
tens of centimetres of weathered surface muds
needed to be removed to obtain samples in appar-
ently less altered mudstones. From the 27 sites of
the middle Miocene Natma Formation, 190 samples
were thermally demagnetized and nine samples were
AF demagnetized. Magnetic susceptibility is low
and homogeneous in the Natma Formation with a
geometric mean of 1.7 10−4 SI. There is no evidence
for sedimentary beds with significant detrital magne-
tite as observed in the Pondaung Formation and the
same pervasive high-temperature overprint recorded
by detrital magnetite is not observed in the
Natma samples.

A total of 83 samples provided ChRMs above
∼200°C of both normal and reverse polarity
(Fig. 9) carried by both magnetite and hematite in
some samples (Fig. 7l, m). Normal and reverse polar-
ity samples from different sites have similar mag-
netic properties, supporting a likely primary detrital
or early diagenetic remanent magnetization during
palaeosol formation. Normal and reverse polarity
mean directions are nearly antiparallel with an angu-
lar difference of 6.4° compatible with a residual
recent field overprint. This is likely to be partially
cancelled in the mean combining the normal and
reverse polarities yielding D = 11.5°, I = 29.5°,
α95 = 4.0°.

Interpretations of the palaeomagnetic
results

Considerations on potential biases on the
reliability of palaeomagnetic results

The AMS data are typical of a sedimentary fabric in
all localities of this study (Fig. 6). They show oblate
magnetic fabrics with the minimum axis Kmin ori-
ented normal to bedding despite the degree of anisot-
ropy being generally low, especially in localities PD
and NM, which are mainly fine-grained palaeosols
(Fig. 6b, d). The highest anisotropy values are
found in site SW08 from the Tabyin Formation
(Fig. 6a) and the three sites in the Padaung Formation
(Fig. 6c). The typically sedimentary magnetic fabrics
suggest that all AMS tensors are likely controlled by
sedimentary processes and compaction. Notably, the
maximum axis Kmax is parallel to the main trend of
the fold axis within the sampling region, in agree-
ment with a slight tectonic imprint typical for tilted
sedimentary sequences in orogenic belts (Borradaile
and Henry 1997).

For sites with a well-defined remanent magneti-
zation, GRMs are observed following static AF
demagnetization. GRMbehaviour is often systemati-
cally attributed to greigite (Snowball 1997) but the
development of GRMs during static AF can be
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recorded by uniaxial SD grains of magnetite provid-
ing a magnetic fabric to constrain the development of
the GRM vectors is present (Roperch and Taylor
1986). The observation of GRMs in static AF
demagnetization is thus also evidence for an anisot-
ropy in the orientation of the remanent magnetic car-
riers. We can discard the presence of greigite in our
samples because the GRMs in samples previously
thermally demagnetized are much stronger than in
non-heated samples. There is also a lack of evidence
for greigite in the thermal demagnetization of IRM
and greigite is unlikely to survive at depths greater
than 2 km (Aubourg et al. 2012).

Despite the important thickness of the sedimen-
tary sequence, there is no observed evidence for
the resetting of apatite fission track ages in the late

Eocene Yaw Formation of the Chindwin Basin
(Westerweel et al. 2020) and only partial resetting
is observed in AFT data from older units of the Chin-
dwin Basin (Zhang et al. 2023). This is consistent
with the low-temperature gradient measured in bore-
holes from oil companies (Racey 2018) and sedi-
ments in the oil window, rather than in the gas
window (Ridd and Racey 2015). Preserved amber
has also been found in upper Cretaceous sedimentary
rocks near Tilin (Zheng et al. 2018). Univectorial
ChRMs at some sites such as ST01 and SW08
(Fig. 7) permit us to discard the hypothesis of severe
alteration of the magnetic properties due to deep bur-
ial for the deepest strata of the basins. By contrast,
low-temperature metamorphism affected the Paleo-
gene IBR rocks as shown by the resetting of the

Fig. 9. Equal-area projections of characteristic directions for the Padaung, Pondaung and Natma formations before
(in situ) and after tilt correction. Legend as in Figure 8.

J. Westerweel et al.



detrital zircon ZHe ages in the same IBR section
(Najman et al. 2022). This low-temperature meta-
morphism explains the complex secondary magnetic
overprint in these IBR rocks (Supplementary Mate-
rial 2).

In the Minbu Basin, single well-defined ChRMs
are observed at several sites (ST01 and SW08 for
sites with the highest stable ChRMs). As discussed
previously, we have carefully evaluated and rejected
data that are likely to be associated with a recent
overprint acquired during the Brunhes normal mag-
netic polarity chron. The low scatter at the site
level supports an acquisition during early diagenesis
and compaction, rather than an early acquired detrital
remanent magnetization recording palaeosecular
variation.

Characteristic remanent magnetization
directions

Site-mean palaeomagnetic results with declinations
to the north or to the south are unambiguously attrib-
uted to, respectively, normal and reverse polarity,
because an unlikely near ∼180° tectonic rotation
would otherwise be necessary. Site ST01, one of
the sites with the most well-defined ChRM vectors,
has a mean direction with a SW declination both in
in situ coordinates and after tilt correction, and the
inclination after tilt correction provides the southern-
most palaeolatitude for this study. The data from this
site are essential and require special discussion. We
reject the hypothesis that the magnetization is a sec-
ondary magnetization acquired after folding because
this would imply a large clockwise rotation since the
late Miocene; moreover, we found no evidence for a
secondary magnetization in this site. A magnetiza-
tion acquired after folding would also require rota-
tion of the fold axis, which seems unlikely as the
strike of bedding is in agreement with the general
trends of folds in the region. Site ST01 is assigned
to the Laungshe Formation of Paleocene to early
Eocene age based on previous work (Bender
1983), but a more precise age estimate is lacking.
As the Earth’s magnetic field was almost exclusively
of reverse polarity during this time period, the ST01
mean direction is likely of reverse polarity as well
and the positive inclination after tilt correction at
site ST01 indicates deposition south of the equator.
A reverse polarity for this site also yields a clockwise
rotation compatible with the palaeomagnetic data
from the WPA (Westerweel et al. 2019), whereas a
normal polarity magnetization would imply a coun-
terclockwise rotation greater than 100°.

The difference between the mean directions at
site ST02 and site ST01 suggests that there is a com-
ponent of local rotation. Site ST02 is located within a
more folded area and the overall bedding strike is

rotated ∼45° counterclockwise with respect to the
general north–south trend of the Minbu Basin, in
contrast to the ST01 section that is parallel to
this trend.

In summary, we consider that sites ST01, ST02,
ST04, SW08 and SW09 have a reverse-polarity
early acquired remanence whereas sites SW02,
SW07 and SW04 record a normal-polarity ChRM.
The reverse-polarity directions are inverted to nor-
mal polarity for clarity (Fig. 10c). Site SW09 is
from the Kabaw Formation and is the only site that
yields a slight counterclockwise rotation.

Palaeolatitudes

The new palaeomagnetic data from this study show
some scatter (Figs 8 and 10), which requires further
discussion. The latest Paleocene to middle Eocene
sites show scatter in declination due to tectonic rota-
tions, which complicates a classic fold test. How-
ever, the scatter in inclination is significantly
reduced after tilt correction (Fig. 10), supporting
the interpretation that magnetizations were acquired
prior to folding. The large scatter in inclination of
nearly 40° amounts to about 20° when converting
these inclinations to palaeolatitudes (Fig. 10d).
Thus, such a large variation in inclination is best
interpreted as related to northward motion given
that the palaeomagnetic sampling covers a .20 Ma
time interval (the U–Pb dating of tuffs within the
Paunggyi Formation demonstrate volcanic activity
at ∼65 Ma; see the ‘Late Cretaceous–Paleogene
sedimentary basins’ subsection). In the time range
of ∼65–40 Ma, southern palaeolatitudes and a latitu-
dinal motion of nearly 30° are expected if the BTwas
fixed with respect to India (Fig. 9a) (see discussion
below for the palaeolatitudes of India during the
Cenozoic). By contrast, palaeolatitudes higher than
20° N with little latitudinal variation are expected
if the BT was fixed with respect to Sibumasu. This
interpretation encourages further work on a more
comprehensive age control for the Paleocene/
Eocene sequence and especially the Laungshe For-
mation, because the southern palaeolatitude deter-
mined at site ST01 from this formation supports an
early Paleocene age, rather than a mid-Eocene age,
assuming the BT was moving north with India.

Our results are seemingly contradicted by a
recent palaeomagnetic study providing a close to
present-day palaeolatitude for the BT from the
Paleocene Paunggyi Formation in the southern
Minbu Basin near Datkon (Li et al. 2020). Notably,
we sampled the same sites during this study (DK;
Supplementary Material S2) and we found that it
was impossible to determine stable ChRM results
in these rocks. Furthermore, bedding was considered
as overturned by Li et al. (2020), contrary to our own
observations and contrary to the younging direction
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provided by numerical age data from the same loca-
tion (Cai et al. 2020). Based on these arguments, we
reject these data and associated conclusions in Li
et al. (2020).

As we discussed earlier, anisotropy in magnetic
susceptibility or remanent magnetization is compat-
ible with compaction, which can generate inclination
shallowing adversely affecting palaeolatitude deter-
mination. Inclination shallowing of remanent mag-
netization often occurs in detrital sedimentary
rocks and follows a function:

tan (Iobs) = f tan (I),

where Iobs is the observed inclination, I is the inclina-
tion after shallowing correction and f is the flattening
factor, often ranging from 1.0 (no correction) to 0.6
as for much sedimentary data used in Apparent
Polar Wander Path (APWP) compilations (Torsvik
et al. 2012). At low palaeolatitudes, where the incli-
nation is close to zero, this correction is not impor-
tant. A flattening correction value of 0.6,
commonly used with palaeomagnetism in red beds,
will just correct an observed inclination of 5° to

about 8.3° and the palaeolatitude will only change
from 2.5° to 4.2°. Moreover, this inclination shal-
lowing is typically observed in red beds with hema-
tite as a detrital remanent magnetic carrier (Tauxe
and Kent 1984). As discussed above, magnetite of
early diagenetic origin may not record the flattening
associated with detrital magnetization. However,
compaction during the thickening of the basin
is likely.

We made some measurements of anisotropy of
ARM (two samples from site ST01) and IRM (one
sample from site ST01 and two samples from site
SW08). Magnetic foliation degree in anisotropy of
remanent magnetization ranges from 1.2 to 1.46
and is larger than for AMS data. Despite site
SW08 having the largest AMS foliation, its near-
zero inclination in stratigraphic coordinates will not
be changed by shallowing correction. Moreover,
several sites have ChRM acquired in the southern
hemisphere, and inclination shallowing correction
would result in a steeper inclination and more south-
wardly palaeolatitude. We acknowledge an uncer-
tainty due to inclination shallowing, but that will
not change significantly the general outcome of
this study. Considering the rapid northward motion

(c)

(a) (b)

(d)

Fig. 10. Equal area plots of estimated site-mean directions (a) before and (b) after tilt correction. (c) Sites with
reverse polarity are inverted to normal polarity. (d) Scatter in the inclination of Paleocene to Eocene results before
and after tilt correction and palaeolatitude calculated from the tilt-corrected mean direction. The error bars in (d) are
derived from the site-mean inclination error at 95%. The grey and blue boxes are the expected palaeolatitudes for a
site located at 21°N, 94°E for the global apparent polar wander path of India and Eurasia, respectively, at 60–40 Ma
based on global APWP from Torsvik et al. (2012).
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of India during the Paleocene–Eocene, the uncer-
tainty in the age of the rocks investigated is a greater
issue for the tectonic reconstruction and palaeogeog-
raphy of the region (see discussion below). The res-
olution of the result in middle Miocene sedimentary
rocks of the Natma Formation is not sufficient to
quantify the motion of the BT along the Sagaing
Fault, but its main value shows the large difference
with the palaeomagnetic results in Paleocene and
Eocene sedimentary rocks and the significant north-
ward translation of the BT between the Eocene and
the Miocene without significant rotation during
that time.

Palaeomagnetic constraints on the Late
Cretaceous–Paleogene BT palaeogeography

The palaeomagnetic data from this study indicate an
equatorial to slightly southern hemispheric position
of the BT during the Eocene (∼5° N–20° S), but
there is significant dispersion in the data (15°–20°
in latitude) (Fig. 11), which could be due to age
uncertainties. At several sites, the characteristic
direction is determined from a selected number of
samples, and individual site data are unlikely to pro-
vide a robust palaeolatitude determination (Rowley
2019). Palaeomagnetic data that can be considered
to correspond to a geomagnetic axial dipole field
are usually interpreted following a comparison
with the expected data for the major tectonic plates.
This is done by compiling reliable palaeomagnetic
data for all geologically stable blocks in these plates,
from which a global APWP is reconstructed by clos-
ing oceans along marine magnetic anomalies in a

so-called plate circuit. This global APWP can then
be rotated to each continent.We use here as a starting
point the commonly used APWP compiled by Tors-
vik et al. (2012), rotated to India and Asia.

The inclinations and associated palaeolatitudes
obtained for the BT are compared with those
expected from a location at 21° N, 94° E that corre-
sponds to Asia or India (Fig. 11). Although the
observed data are closer to those expected for India
than for Asia, the palaeolatitudes at several sites
are more southerly than expected for India from
the APWP from Torsvik et al. (2012). However,
the APWP for India during the Paleogene is not con-
strained by data from India (Torsvik et al. 2012).
There is an excellent and robust reference palaeo-
magnetic pole from the Deccan Traps volcanism at
the K–T boundary but almost no other palaeomag-
netic data to define the motion of India during the
Cenozoic. An APWP for India can only be obtained
from the global palaeomagnetic APWP and plate cir-
cuit reconstructions (Besse and Courtillot 1988;
Torsvik et al. 2012; Vaes et al. 2023). Anomalously
low palaeolatitudes were observed in Tibet com-
pared to the expected palaeolatitude for Eurasia
(Cogne et al. 2013). More recent global APWPs
(Merdith et al. 2021; Vaes et al. 2023) provide a gen-
erally similar Eocene APWPwith only slightly lower
palaeolatitudes than the APWP from Torsvik et al.
(2012) (Fig. S23).

To circumvent this potential problem, we use the
new APWP for Australia based on palaeomagnetic
results from Cenozoic volcanic rocks in the tectoni-
cally stable eastern Australian continent (Hansma
and Tohver 2019) and derived from a Bayesian
palaeomagnetic Euler pole inversion (Rose et al.

(a) (b)

Fig. 11. Plots of (a) the observed palaeomagnetic inclinations and (b) the corresponding palaeolatitudes v. time
compared with the expected inclination and palaeolatitude for a site located at 20°N, 90°E from different models
during the Late Cretaceous and Cenozoic either for India or Asia. The grey curves correspond to the expected
inclination and palaeolatitude from the APWP (Torsvik et al. 2012) for India or Asia. The green curves correspond to
the expected inclination and palaeolatitude from the APWP from Australia (Rose et al. 2022) rotated and used as the
master curve in GPlates. The red curve corresponds to the APWP for the BT proposed in the reconstructions (this
study, Fig. 14). Error bars are derived from the site-mean inclination error at 95%.
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2022). Using GPlates and the Global Plate Circuit,
this APWP was transferred to Africa and used as
the master APWP curve for the Cenozoic. This
yields more southerly positions of India and Asia
outside the uncertainty range of the palaeomagnetic
reference frame from Torsvik et al. (2012)
(Fig. 11). This global curve appears to partially
solve the long-standing low inclination controversy
over Tibet in addition to inclination shallowing in
red beds (Fig. 11). As the Asian margin is also dis-
placed southward with this Australian APWP, it
does not have an impact on the distance between
India and Asia.

Based on the available data from early Late Cre-
taceous rocks in the Wuntho Ranges and late Eocene
rocks in the Chindwin Basin, a large ∼60° clockwise
rotation of the whole BT was initially postulated
(Westerweel et al. 2019). The general trend in the
palaeomagnetic declinations recorded by the latest
Paleocene to middle Eocene results from the
Laungshe and Tilin Formations is also eastward
directed (sites ST01, SW02 and SW07), indicating
rotations of intermediate to similar magnitude as
the early Late Cretaceous mean direction reported
by Westerweel et al. (2019). The largest value at
site ST01 (Minbu Basin) is coherent with the clock-
wise rotation found in the Wuntho Ranges and we
use these data to construct the tectonic model. How-
ever, we acknowledge that the scatter in declination
from the other sites also suggests local block rota-
tions (Fig. 8; Fig. S4). The hypothesis of a wholesale
clockwise rotation of the BT occurring during the lat-
est Cretaceous to Paleocene time period, as it started
to move northward with India, is not fully supported
by the results from sites ST02, SW03, SW04 and
SW09. Significant deformation is observed in the
sampling areas of sites ST02, SW03 and SW04,
and their scatter in declinations may be explained
by local block rotations. In general, it seems difficult
to evaluate the rotation history through time prior to
the middle Eocene with the available palaeomag-
netic results and age uncertainties. However, from
the late Eocene to present, palaeomagnetic data
from the late Eocene Chindwin Basin (Westerweel
et al. 2020), together with data from the Pondaung
Ranges and Miocene Natma Formation (this study)
clearly indicate that the BT experienced ∼2000 km
northward motion without any significant tectonic
rotation since the late Eocene. The resolution of the
Miocene palaeomagnetic results in particular are
not sufficient to better constrain the motion of the
BT along the Sagaing Fault compared with con-
straints from structural geology, but its main value
is accentuating the large difference with the palaeo-
magnetic palaeolatitudes from Paleocene and
Eocene sedimentary rocks, showing the significant
northward translation of the BT between the Eocene
and the Miocene without significant rotation.

In summary, the main implications from this
palaeomagnetic study are the initial early Late Creta-
ceous shallow latitude southern hemisphere position
of the BT distant from southern Asia, followed by a
potential uniform clockwise rotation of the entire BT
in the middle Eocene and the onset of a major
∼2000 km northward strike-slip translation coeval
with India during the late Eocene to the present
day. In the following sections, we place these results
into a plate reconstruction framework and consider
available relevant geological data to propose a tec-
tonic reconstruction model of the BT from its separa-
tion from Argoland in the Jurassic to its collision
with India and then Asia in the Eocene.

Tectonic reconstructions

Choice of reference frame

There are two types of absolute reference frames in
plate tectonic reconstructions: one is the mantle ref-
erence frame (Müller et al. 2019), usually used in
most studies from the EarthByte group developing
applications under GPlates, and the other is the
palaeomagnetic reference frame. There are several
reference frame models available with significant
differences between them even for the Cenozoic, as
shown in Figure S23. Palaeomagnetic reference
frames are likely to better represent the past rotation
of the Earth but do not provide constraints on longi-
tude. As the main aim of our study is to discuss
palaeomagnetically determined palaeolatitudes, as
discussed above, we will use the global curve calcu-
lated from the APWP for Australia (Rose et al. 2022)
in our reconstructions performed with GPlates.

For the BT, we made a composite palaeolatitude
model, attempting to fit the overall palaeolatitudinal
trend derived from the palaeomagnetic data but not
the mean direction of each individual site (Fig. 11).

Reconstruction of South Asian margin

For the reconstructions, we used the global plate
block model and relative plate motions proposed as
a base with the GPlates software (Müller et al.
2018) instead of the global model proposed by Sco-
tese and Wright (2018). We chose a low-latitude
position (15–20° N) with a slight counterclockwise
rotation for the south Lhasa margin before the
India–Asia collision as supported by recent palaeo-
magnetic data (Bian et al. 2022; Ma et al. 2022b).
The choice of the reference frame discussed above
results in a lower palaeolatitude for Asia during the
Eocene, but this is also the case for India. This has
no impact on the distance between the two conti-
nents. The South Asian margin prior to the India–
Asia collision is slightly curved in our model and
not nearly linear as in other reconstructions (Scotese
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and Wright 2018) or highly curved as in models
where Sumatra does not rotate with the main Indo-
china Block (Advokaat et al. 2018). In terms of lat-
eral extrusion out of the collision zone, our plate
model reconstruction for Asia is a conservative
model and not too different fromGPlates based mod-
els (Zahirovic et al. 2014; Gibbons et al. 2015),
allowing for some extrusion and a clockwise rotation
of the Khorat Plateau. The displacement along the
Red River Fault in the GPlates global model
(∼340 km) is slightly higher than the ∼250 km pro-
posed by Li et al. (2017) for the Pacific side of the
fault. Large clockwise rotations south of the Ailao–
Red River fault in the NW Shan–Thai block (Tong
et al. 2015, 2021; Li et al. 2017; Yan et al. 2017)
may support the largest estimate (.700 km) from
structural geology (Leloup et al. 1995) for the west-
ern part of the fault. The extrusion of the Indochina
block is also consistent with the similar palaeolati-
tudes for the Lhasa block and the Khorat Plateau
prior to the collision in agreement with early tectonic
models (Tapponnier et al. 1982; Leloup et al. 1995).
With the exception of the Khorat Plateau, deforma-
tion is pervasive and well documented with several
large shear zones highlighted on modern topo-
graphic maps (Fig. 1) precluding simple reconstruc-
tion using rigid blocks (Morley and Wang 2023).
The high-grade metamorphism in the Mogok belt
of northwestern Sibumasu (Lamont et al. 2021)
and in the Tengchong block is likely to be the signa-
ture of intense Cenozoic deformation and tectonic
extrusion (Eroğlu et al. 2013).

Choice of the extent of Greater India

The northern extension of Greater India has been the
subject of numerous articles, and this scientific ques-
tion is probably the greatest uncertainty in our under-
standing of the tectonic reconstructions of the India–
Asia collision. Palaeomagnetism applied to frag-
ments of the Greater Indian margin sediments
(Tethyan Himalaya) preserved in the collision zone
is an ideal method to estimate the size of Greater
India (Patzelt et al. 1996). Unfortunately, severe
deformation of the Tethyan Himalayan sequences
and widespread gneiss dome emplacement during
the late Oligocene–early Miocene induced magneti-
zation overprints that have not always been properly
recognized (Huang et al. 2017). Evidence of pyrrho-
tite as a magnetic carrier clearly allows the detection
of such remagnetization (Crouzet et al. 2007; Appel
et al. 2012). However, remagnetization carried by
magnetite is often more difficult to characterize
(Huang et al. 2017; Yi et al. 2017). Palaeomagnetic
results obtained from Upper Cretaceous and lower
Paleogene sedimentary rocks from the Tethyan
Himalaya have recently provided very controversial
and contradictory configurations of Greater India

(Yang et al. 2019; Meng et al. 2020; Yuan et al.
2020).

Primary characteristic magnetizations are likely
preserved in Early Cretaceous igneous rocks from
the Tethyan Himalaya (Yang et al. 2015), but the
large rotation of India at that time is such that
palaeomagnetic data are not really useful for estimat-
ing the size of Greater India. Given the ∼60° rotation
of India in the Early Cretaceous, determining the
size of Greater India is a problem of longitude,
rather than latitude, that cannot be constrained via
palaeomagnetism.

Another approach therefore is to look at the fit
of (Greater) India with Antarctica and Australia as
part of Gondwana before rifting apart. Rifting
between India and Antarctica and Australia began
130 Myr ago (Heine et al. 2004). However, the ini-
tial fit between these Gondwana blocks is the sub-
ject of much debate and modelling (Gibbons et al.
2015; Thompson et al. 2019). Recent studies show-
ing a tight fit between India and Antarctica have
strong implications for the eastern size of Greater
India (Talwani et al. 2016; Thompson et al.
2019). Geophysical data suggest that the crust in
the Bengal region is thin, either an oceanic crust
(Talwani et al. 2016, 2017) or a very extended con-
tinental crust (Sibuet et al. 2016; Rangin and Sibuet
2017). Many reconstructions include a continental
margin of India that is currently subducted beneath
the IBR (Gibbons et al. 2015). A tight initial fit
between India and Antarctica, as shown in Fig-
ure 12, rules out the possibility that the IBR were
attached to India prior to rifting (Rangin 2017;
Aitchison et al. 2019).

Many studies (Gibbons et al. 2013, 2015; Zahir-
ovic et al. 2014; van Hinsbergen et al. 2019; Advo-
kaat and van Hinsbergen 2024) use the Wallaby–
Zenith fracture zone as the northern boundary of
Greater India (Fig. 12). However, the correlation
of Triassic sedimentary rocks of the Langjiexue
Group in the northeastern Tethyan Himalaya with
Triassic sedimentary rocks of the North Carnarvon
Basin suggests that the northern boundary of
Greater India could be instead close to the Exmouth
Plateau, where a .5 km thick Triassic sedimentary
sequence is found (Morón et al. 2019). A complex
two-phase opening with oceanic crust at ∼135 Ma
occurred in the Cuvier basin (Reeve et al. 2021,
2022) contemporaneous to the rifting between
India and Australia. Recent geological studies in
the Carnarvon Basin (Bilal and McClay 2022)
also consider that break-up between Greater India
and NW Australia occurred in the Cuvier Basin
and even the Gascoyne Bay. Hence, we thus
assume a Greater India that includes the conjugate
continental block before the opening of the Cuvier
Basin as is the case in other global plate reconstruc-
tions (Scotese and Wright 2018).
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An Argoland origin for the BT during the
Jurassic–Early Cretaceous

The correlation of the Pane Chaung Formation of the
Mount Victoria Block with the Langjiexue Forma-
tion of the NE Tethyan Himalayas now provides
clear evidence for crustal fragments of Gondwanan
origin within the BT (Yao et al. 2017; Naing et al.
2023).

These Gondwanan crustal ribbon fragments have
specifically been referred to as the ‘Greater Argo-
land’ archipelago, which would have rifted at
∼155 Ma from NW Australia (Hall 2012; Seton
et al. 2012; I’Anson et al. 2019; Morley et al.

2020; Advokaat and van Hinsbergen 2024). Despite
recent attempts to better define Argoland (Advokaat
and van Hinsbergen 2024), it is important to point
out that its palaeogeographical evolution during the
Mesozoic remains puzzling, and the Argoland
blocks that rifted from NWAustralia often disappear
in several reconstructions for the Cretaceous (for
example, see fig. 2 of Delclòs et al. 2023). Our recon-
structions, alongside results from sedimentology and
geochronology, also postulate the existence of a
Greater BT in the image of Greater India, which
was subducted beneath Asia during the India–Asia
collision (Westerweel et al. 2020).

A Trans-Tethyan subduction system in the
mid-Cretaceous

The correlations of the WPA magmatic arc with the
Gangdese Arc and the WBO with the Yarlung–
Tsangpo ophiolite belts provide the strongest argu-
ments in favour of the BT as part of the Asian mar-
gin. However, although the time concordance is
striking, the coincidence of magmatic activity and
ophiolite formation along the BT and Lhasa margins
does not necessarily prove that the BT was on the
same subduction zone as Lhasa. The equatorial
palaeolatitude of the WPA in the early Late Creta-
ceous (Westerweel et al. 2019) supports the hypoth-
esis of two distinct magmatic arcs.

An important subduction phase along the BT
starting in the mid-Cretaceous is necessary to explain
the peak in WPA magmatism (Mitchell et al. 2012;
Zhang et al. 2017b; Lin et al. 2019; Westerweel
et al. 2019; Licht et al. 2020). This is corroborated
by similar trends in mid-Cretaceous magmatic activ-
ity and ophiolite emplacement along other proposed
intra-oceanic arc segments of this Trans-Tethyan
subduction system, such as the Kohistan Arc and
the Spontang Ophiolite in the Western Himalayas
(Buckman et al. 2018; Jagoutz et al. 2019). Further-
more, palaeomagnetic data (Zaman and Torii 1999;
Martin et al. 2020) also indicate that the Kohistan
Arc formed at near-equatorial latitudes similar to
the WPA. We thus consider that a Trans-Tethyan
subduction system is necessary to explain the near-
equatorial position of the BT in the mid-Cretaceous
(Westerweel et al. 2019).

Geological evidence for an early Cenozoic
BT–India connection

The near-equatorial to low southern hemisphere
palaeolatitude of the BT in the Paleocene–Eocene
has strong implications for our interpretation of the
geological record. It is thus necessary to consider
whether available regional geological information
supports the palaeomagnetic data and how it

(a)

(b)

(c)

Fig. 12. Late Jurassic plate reconstructions showing the
inferred position of the BT with its two stages of rifting
from Gondwana. In this tight fit of Gondwana, a small
and a large Greater India are shown with different green
colours. The CBB block rifted first from the IBR at
∼160 Ma. Remains of the inferred Late Jurassic basin
between the CBB and IBR are found in the West Belt
Ophiolite. The IBR rifted at ∼150 Ma. ExP: Exmouth
Plateau. The brown hexagon corresponds to the location
of Mount Victoria.
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constrains the position of the blocks in the palaeo-
geographical reconstructions, in particular its longi-
tude, which is not constrained by palaeomagnetism.
Westerweel et al. (2019) proposed an easterly posi-
tion of the BT coming into collision with Sumatra
before 40 Ma. By contrast, a more westerly position
of the BT closer to India during its northward motion
was also proposed by Westerweel et al. (2020),
because newly acquired palaeomagnetic data indi-
cated an even more southern position of the BT in
the Paleocene–middle Eocene than in the late
Eocene, which is only compatible with the BT on
the Indian Plate. A BT as a forearc sliver of the Sun-
daland margin, as initially proposed by Westerweel
et al. (2019), would imply an impossible complete
partition of the oblique convergence between the
Indian Plate and Sundaland. Furthermore, a BT as
a forearc sliver of Sundaland is in conflict with the
tectonic history of the Andaman Sea (Morley et al.
2020). We also discard the complex tectonic recon-
structions putting the BT initially on the Australian
Plate (Advokaat and van Hinsbergen 2024) because
this reconstruction is based on questionable
palaeomagnetic data.

Sedimentary provenance within the BT

The more westerly position of the BT also fits better
with the recent evaluation of the potential sources of
sediments that filled the thick Paleogene BT basins
(Naing et al. 2023). These sedimentary archives
can provide significant constraints on palaeogeo-
graphical models. In recent years, many studies of
the BT sedimentary basins have focused on the U–
Pb age distribution of detrital zircons (Allen et al.
2008; Wang et al. 2014; Licht et al. 2016, 2019;
Zhang et al. 2017b, 2019a, 2023; Aitchison et al.
2019; Najman et al. 2020, 2022; Arboit et al.
2021; Betka et al. 2021; Ding et al. 2022; Naing
et al. 2023). We have compiled the published U–
Pb DZA dataset using the best ages filtered for dis-
cordance as provided in each study. We have not
reprocessed the data as was done more recently in
Jonell et al. (2022), even if the choice of filter can
influence the age distribution (Vermeesch 2021).
The stratigraphic age of each sample was estimated
by considering the published maximum depositional
age, the location of the samples within the strati-
graphic sections and geological maps.

The erosion of an active magmatic arc should
produce sediments that are rich in recent volcanic
material. Although not all volcanic arcs produce
abundant zircons, and zircon ages may not always
accurately reflect the full temporal evolution of a
magmatic system, we estimate the percentage of zir-
cons that are younger than the expected stratigraphic
age plus 10 Myr as a proxy for nearby arc magma-
tism within the WPA (Fig. 13a, b). We also use a

different approach to the traditional histograms and
Kernel density estimates to test the hypothesis of
the erosion of the proximal WPA as the main sedi-
mentary source for the BT central basins. Due to
the large number of samples (276) and the impossi-
bility of visualizing each of them using pie charts,
the relevant information for each sample has been
divided into three groups (Fig. 13). Knowing that
the presence of zircons with Cretaceous to Cenozoic
ages in the sediments is the main argument for attrib-
uting the source of the sediments to the WPA mag-
matic arc, we calculated for each sample the
proportion of zircon ages younger than 80 Ma
(Fig. 13c, d) and the proportion of zircon ages
between 143 and 80 Ma corresponding to the main
mid-Cretaceous magmatic activity (Fig. 13e, f).
The third group gives the proportion of zircons
with pre-Cretaceous ages to check the contribution
and nature of the basement source often neglected
in previous studies (Fig. 13g, h). For ease of discus-
sion, the data are presented by sampling region, such
as the Chindwin Basin, the Minbu Basin, samples
close to the magmatic arc, particularly those from
boreholes (Zhang et al. 2019a), and recent sediments
from the Irrawaddy. The same approach is taken for
the central IBR and Naga region, with a comparison
with results from the Bengal Basin and the Andaman
Islands. This presentation of U–Pb DZA data also
highlights the great variability between samples
(Fig. 13), particularly for samples with a low number
of zircons, whereas composite samples seems to
show little variation on a regional scale (Figs S24
and S25; Naing et al. 2023). We thus acknowledge
that a limited number of zircons per sample
(∼,100) introduces some statistical bias at the sam-
ple level but it does not alter the main observations.

Limited Cenozoic magmatic activity within the
BT

Tuffs in the Paunggyi formation do confirm volca-
nism at the Cretaceous–Paleocene boundary (Cai
et al. 2020). However, during the Eocene, with the
exception of a few tuffs, which testify for sporadic
magmatic activity concomitant with sedimentation
in the basins, most samples contain zircons derived
from the erosion of much older rocks, mainly from
a mid-Cretaceous magmatic arc and basement
rocks. The DZA distributions suggest a source
from the Pane Chaung or Lanjiexue Triassic sedi-
ments for the pre-Cretaceous zircons (Figs 13 and
S25). Furthermore, erosion of an active volcanic
arc should produce magnetite-rich sediments
(Roperch et al. 1994), which is not supported by
the magnetic properties of the sediments sampled
in this study (Fig. 4). The low magnetite content
and magnetic susceptibility dominated by paramag-
netic phases in the rocks sampled (Figs 4 and 5)
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Fig. 13. Plots of the percentage of zircon ages within an age window v. the estimated stratigraphic age of the sample.
The sizes of the symbols are proportional to the total number of zircon ages in the sample studied (from less than
∼100 up to ∼300). Plots in the left column (a, c, e, g) are for samples from the CBB block while those in the right
column (b, d, f, h) are for samples from the central IBR/Naga Hills/Andaman Islands and compared with data from
Miocene samples from the Bengal Fan (IODP cores). Source: compilation of numerous previously published DZA
studies (Allen et al. 2008; Naing et al. 2014, 2023; Robinson et al. 2014; Wang et al. 2014; Garzanti et al. 2016;
Limonta et al. 2017; Blum et al. 2018; Cai et al. 2020; Licht et al. 2019; Morley and Arboit 2019; Zhang et al.
2019a; Najman et al. 2020, 2022; Westerweel et al. 2020; Arboit et al. 2021; Betka et al. 2021; Zhang et al. 2021;
Bandopadhyay et al. 2022; Ding et al. 2022; Jonell et al. 2022; Najman et al. 2022; Zhang et al. 2023). Data and
location are given in the Supplementary Material.
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are more consistent with the exhumation and pro-
longed transport of sediments from eroded magmatic
rocks, basement rocks and reworked sediments from
tectonically active zones. The main reliefs of the
WPA arc are currently observed in theWuntho–Ban-
mauk region, with mainly the ∼100 Ma WPA bath-
olith with no evidence for a source in basement
rocks in sediments from rivers draining the Wuntho
Ranges (Licht et al. 2020). There are also some iso-
lated volcanoes, such as the Popa volcano, which has
an estimated magmatic production of no more than
30 cubic kilometres per Myr (Belousov et al.
2018). There is no solid evidence for a major contri-
bution of active volcanism in theWPA recorded dur-
ing sedimentation (Fig. 13). Low volcanic activity
along main topographically high regions of the
WPA thus indicates that subduction underneath the
Burmese margin was possibly nearly shut down dur-
ing most of the Paleogene (Fig. 14). Indeed only
∼110–90 Ma and sporadic ∼42–36 Ma U–Pb zircon
ages are present in the Wuntho Ranges volcanic
complex (Lin et al. 2019; Licht et al. 2020). This
sporadic igneous activity contradicts tectonic recon-
structions where the BT is placed on the margin of
Sibumasu or Sumatra in the Cenozoic (e.g. Hall
2012; Zhang et al. 2019b; Advokaat and van Hins-
bergen 2024), as active subduction and volcanism
would then be expected along the WPA due to the
rapid convergence of India.

An Eocene proto-Bengal basin

The BT closer to India or close to the Sundalandmar-
gin during the Eocene has strong implications for the
width of the Bengal Basin. In the very wide basin
hypothesis, significant differences in sediment
sources should be observed on either side of the
basin. It is therefore important to assess the type of
sediment deposited on each side of the basin to esti-
mate the width of the basin. The Kabaw Formation
within the BT central basins, the Falam Formation
in the central IBR, the Disang Formation in the
Naga Hills all mainly comprise sequences of alter-
nating marine shales and sandstones. It has been dif-
ficult to assess an age for these rocks, especially for
the central IBR because of an important reworking of
Cretaceous fossils (Naing et al. 2023). Indeed, Ceno-
zoic zircons have been found in rocks at some sites
previously mapped as Cretaceous. U–Pb DZA data
are thus the main means to date these sediments. In
the Naga Hills region, U–PbDZA have been recently
reported for the late Cretaceous–Eocene Disang Fm,
usually interpreted as deposited on the distal Indian
continental shelf (Ding et al. 2022). The Lower Dis-
ang sediments deposited in an open marine environ-
ment have only pre-Cretaceous DZA, suggesting a
source in the Tethys Himalaya (Ding et al. 2022)
but also the Triassic Pane Chaung Formation from

the IBR. U–Pb DZA data from the Eocene Phokphur
Formation in the Naga Hills also indicate a source
from either the IBR basement or the Langjiexue For-
mation (Aitchison et al. 2019). Naing et al. (2023)
consider that the sediments filling the BT central
basins and the IBR have two distinct sources, the
IBR basement and the WPA, respectively (see fig.
17 from Naing et al. (2023); Figs S25, S26 and S27).

In the Upper Disang sediments of the Naga Hills
region, likely of late Eocene age from foraminifer
evidence (Lokho et al. 2020), the distribution of Cre-
taceous and Cenozoic zircons ages is similar to the
one found in equivalent age sediments from the cen-
tral IBR in Myanmar (Naing et al. 2023). Erosion of
the WPA is still advocated for a source of sediments
in the remote Disang basin from the Naga region
(Ding et al. 2022). In addition to the similarities in
sediment sources from DZA data, large olistoliths
of pelagic limestone blocks are present both in the
Falam/Chunsung of the central IBR and in Disang
sediments deposited within a basin on the eastern
margin of India (Sengupta et al. 1989; Morley
et al. 2020). The obvious correlations between the
sediments of the Disang Formation, deposited in a
basin on the Indian margin, and those found farther
south in the central IBR indicate the existence of a
basin filled by sediments with similar sources,
which constitutes undoubtedly the best geological
argument in favour of a close correlation of the BT
to India, rather than Sumatra or Indochina. The
wide basin from the Indian margin where the Disang
sediments were deposited to the central IBR may
characterize a wide proto-Bengal basin in the Eocene
(Rangin and Sibuet 2017).

The width of the basin during the Eocene was
obviously much greater than it is today, but the
amount of subduction and shortening below and
across the IBR is difficult to estimate. Thermochro-
nological data in Eocene sediments indicate early
Miocene zircon (U–Th)/He ages (Najman et al.
2020, 2022). Such a reset may be due to burial by
a thick upper Eocene–Oligocene sequence or tec-
tonic stacking in the late Oligocene. Since the late
Oligocene– early Miocene, the core of the IBR has
been uplifted with significant exhumation. There
are no good estimates of shortening across the
IBR, but the deep earthquakes imaging the sub-
ducted crust below the BT (Mon et al. 2020) as
well as the present-day east–west convergence at a
rate of 15–20 mm a−1 from GPS data (Lindsey
et al. 2023) suggest more than 300 km of shortening,
mostly during the Neogene.

Tectonic evidence

This positioning of the BT near India is further sup-
ported by tectonic evidence east of the BT. First of
all, there is a lack of evidence for a suture between
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(a) (b)

(c)

(e)

(d)

(f)
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Fig. 14. Plate reconstructions of the BT through time: (a)–(h) 95, 70, 55, 50, 45, 40, 30 and 20 Ma. The collision of
India with Asia is inferred to have occurred at ∼50 Ma. At 40 Ma, the deformation front is located within Greater
India with subduction of India below this frontal thrust. Major expected sediment depocentres are shown.
Reconstructions done according to the reference frame based on data from Australia (see Fig. 11). Red dots are the
locations of active magmatism in a +2.5 Myr window from the database of Chapman and Kapp (2017).
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the BT and Sibumasu, in the form of an ophiolite belt
or an accretionary prism (Morley et al. 2020),
although it is possible that later strike-slip deforma-
tion along the Sagaing Fault has obscured this suture.
It should be noted that dismembered ophiolite frag-
ments of the Jade Belt and Central Ophiolite Belt
lie along the trace of the Sagaing Fault (Htay et al.
2017). A second issue concerns geological observa-
tions indicating that the Eastern Andaman basins
along the margin of Sibumasu experienced east–
west extension instead of shortening during the late
Eocene–Oligocene (Morley and Alvey 2015;Morley
2017a). This precludes the possibility of a major col-
lision and underthrusting event occurring in this
region. Finally, significant deformation and uplift
within the BT is only observed in the late Oligo-
cene–early Miocene on seismic lines and exhuma-
tion ages, with only incipient or no uplift before
the late Eocene (Zhang et al. 2017b, 2019a; Licht
et al. 2019, 2020; Gough et al. 2020; Najman et al.
2020; Westerweel et al. 2020).

Based on the evidence summarized above from
both the BT sedimentary basins, WPA volcanic
activity, IBR sedimentary provenance and tectonic
constraints from Eastern Andaman, we consider a
tectonic model with only a reduced amount of sub-
duction of oceanic crust below the BT that supports
the BT being close to India instead of a more isolated
and eastern position as part of the Australian Plate
(Advokaat and van Hinsbergen 2024). In our recon-
structions, we also consider the Western Andaman
Arc to be part of the BT as the sediments share sev-
eral sources with those of the CBB and IBR (Naing
et al. 2023). Thick Paleocene volcanic tuffs are also
found in contemporaneous sedimentary sequences in
Myanmar and in the Andaman islands, further sug-
gesting nearby volcanic activity at that time from a
similar source, in contrast to the complex palaeogeo-
graphical setting proposed by Bandopadhyay et al.
(2022) where these two features are separated.

Plate reconstructions and
palaeogeography

In the plate tectonic framework presented above, we
propose a series of plate reconstructions according to
the palaeolatitudes provided by the BT palaeomag-
netic data and the geological constraints, in particular
the information from the thick sedimentary archives
of the BT.

170–100 Ma

In our reconstructions (Fig. 12) we consider that rift-
ing between the BT and Gondwana occurred in two
stages. The first involves the rifting of the CBB with
the formation of an ocean basin of Late Jurassic age.

Jurassic cherts deposited in this basin are found
within the WBO and Nagaland ophiolite belt (Aitch-
ison et al. 2019; Naing et al. 2023). The IBR ribbon
with Mount Victoria Block as the largest element
could have rifted from the Australian margin several
million years later. Another possibility is that the
IBR block may be a thin discontinuous extended
crustal ribbon formed during the break-up and only
slightly separated from the CBB. In Late Barre-
mian–Early Aptian (∼125–120 Ma), we postulate
the BT as one element of the Trans-Tethyan subduc-
tion system. The CBB may have collided with an
existing Trans-Tethyan subduction zone, causing
subduction to jump to the south with the formation
of a supra subduction zone at ∼120 Ma in the Juras-
sic ocean basin in between the CBB and Mount Vic-
toria block just started the subduction below the
CBB. The closure of the postulated ocean basin
between the CBB and Mount Victoria block is
needed to account for the abundant occurrence of
Upper Jurassic radiolarians from deep-marine cherts
in the Kalemyo ophiolite (Naing et al. 2023) and in
the Naga Hills (Aitchison et al. 2019) leading to
the formation of the WBO and likely followed by a
second shift of the subduction zone to the other
side of the IBR. The Aptian–Cenomanian Paung
Chaung limestones of the BT contain clasts of the
Kanpetlet Schists and Pane Chaung Triassic sedi-
ments, and unconformably overlie these Triassic
units. The Paung Chaung limestones are thus depos-
ited on what becomes a single terrane by the mid-
Cretaceous, consisting of the Mount Victoria Block
and the CBB and now part of the Trans-Tethyan
Arc (Mitchell 2018g; Morley et al. 2020). In the
reconstructions, the IBR and CBB blocks are slightly
separated, only to account for the expected shorten-
ing occurring mainly during the Neogene. We rule
out the possibility that the CBBwas on an alternative
Trans-Tethyan Arc that rifted from the Lhasa margin
instead of Gondwana as part of an extended Xigaze
group (Gibbons et al. 2015) and that it later collided
with the IBR block. This scenario implies subduction
of oceanic crust during the Early Cretaceous below
the CBB but there is no evidence of Early Cretaceous
magmatism in the BT.

95–70 Ma

FollowingWesterweel et al. (2019), the BT is part of
the Trans-Tethyan Arc during this time period. At
70 Ma, we speculate that the BT was still on the
Trans Tethyan Arc but at a slightly more southern
position between 10° and 20° S than at 95 Ma.

∼65–50 Ma

The Late Cretaceous–middle Eocene appears to be a
key time period for the BT, as our palaeomagnetic
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results indicate that the coeval northward motion
with India began at this time (Fig. 14), potentially
accompanied by a degree of clockwise rotation if
we accept that the result at site ST01 is representative
of the whole CBB, in agreement with previous data
from theWPA (Westerweel et al. 2019). We propose
that the collision of Greater India with the northern
extension of the BT (Greater BT) occurred in the
Late Cretaceous–early Paleocene and this collision
initiated the final clockwise rotation of the BT.
This collision should have been coeval with the
thrusting of the WBO on to the Indian passive mar-
gin in the northern IBR (Naga Hills). This deforma-
tion event in the northern IBR is virtually
undocumented along the central and southern IBR,
which was shielded from major deformation before
the Oligocene. After the collision of Greater India
with the northern BT, the BT rotated clockwise, pos-
sibly by trench roll back. We speculate that sedimen-
tation initiated in a wide basin extending from the
Indian margin to the BT with sources related to the
collision of the Greater BT with Greater India. The
collision of India with Asia occurred at ∼50 Ma,
according to our choice of palaeogeography.

45–40 Ma

In this time frame, the entire BT is interpreted to be
mainly dragged northward with India based on their
similar cumulative northward motion. Except for the
northern extension of the BT, most of the BT is still
far from the main collision zones and shielded from
tectonic deformation, allowing marine sedimenta-
tion to occur in most of the area. Sediments from
the IBR and the CBB have roughly the same DZA
signatures, suggesting the same source (Fig. S25).
We speculate the same source of sediments for the
thick Eocene sequence in the northern Bay of Bengal
as evidenced by multi-channel seismic data (Rangin
and Sibuet 2017). In the reconstructions, ∼1 cm a−1

of dextral convergence is still accepted within the
IBR, likely by oblique subduction of the oceanic
crust below the BT but at an insufficient rate for
active magmatism on the BT. We theorize oblique
subduction below Sundaland as the BT is moving
north with India, but little information exists for
the geological evolution of the area left in between
the BT and Sundaland during the Eocene.

30–20 Ma

In the Oligocene–early Miocene, sedimentation
begins to showmore significant differences on either
side of the uplifting IBR chain. To the west, sedi-
ments from the Himalayas become important; with
pre-Cretaceous zircons that no longer have the Trias-
sic signature of the IBR chain (Betka et al. 2021). In
the BT central basins, however, the source of

Cenozoic sediments corresponds to zircons whose
Hf signature becomes negative and is often consid-
ered to originate from Sibumasu (Najman et al.
2022). Thermochronological data from the early
Miocene Letkat sedimentary rocks clearly indicate
a sediment source from an area in the Eastern Hima-
layan Syntaxis of very rapid exhumation (Wester-
weel et al. 2020). The closure of the ocean basin
east of the BT led to the formation of the proto-
Sagaing Fault and initiation of the opening within
the Andaman basin, leading to the set-up of the
present-day tectonic regime of Myanmar.

Tectonic implications for India–Asia
collision models

Collision of Greater India with the northern
Burma terrane

A scenario of an early collision (∼60 Ma) of India
with the Asian margin is mainly advanced to explain
apparent provenance from Asia to India recorded in
Paleocene sandstones deposited on the Indian pas-
sive margin (An et al. 2021). This provides a funda-
mental clue to constrain the timing of the initial
collision (Najman et al. 2010, 2017; Hu et al.
2016; An et al. 2021). With the scenario of a first col-
lision of the BT with India (Fig. 14), and as the BT is
likely themain element of the Trans-Tethyan system,
the earliest sediments deposited on the Tethyan mar-
gin with Late Cretaceous–Paleocene zircon ages
may have originated from the BT arc (Trans-Tethyan
Arc), rather than the Gangdese and Lhasa margin.
This option of a source in the BT, rather than from
Lhasa, has never been considered. A source in the
Kohistan Arc is also not considered, as it is often pro-
posed that the Kohistan collision occurred first with
Asia and then with India, despite palaeomagnetic
data suggesting the opposite sequence (Martin
et al. 2020). We therefore consider that a collision
of India with the Trans-Tethyan Arc, composed of
the BT and Kohistan, might explain the early arrival
of sediments with zircons of Late Cretaceous to
Paleocene ages on to the Tethyan margin of India.

Collision of India/BT with Asia

Identifying the origin of the sediments that fill the
extensive Eocene sedimentary basins could aid in
determining the timing and models of the collision
between India and Asia. A contribution from the
Gangdese magmatic belt as a source of sediments
for the BT central basins was first considered in
early studies (Robinson et al. 2014). However, in
most following studies, except Arboit et al. (2021),
the filling of the BT central basins has been inter-
preted as having occurred within an Andean-type
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continental margin, with the WPA being an active
arc above the continuous subduction of Indian oce-
anic crust beneath Sundaland (Licht et al. 2013,
2019; Wang et al. 2014; Zhang et al. 2019a; Najman
et al. 2022). The positive εHf values found in Meso-
zoic zircons were then used to reject a source in Sibu-
masu, leaving the WPA as the sole source of
these zircons.

We, however, consider that the WPA, as
observed in Myanmar, is unlikely to be a significant
source. Sediments should come from areas with
active tectonics inducing erosion of an ancient arc
and basement rocks, rather than from a subsiding
magmatic arc. Indeed, seismic lines and drill cores
along the WPA (Zhang et al. 2017b) indicate that
the WPA batholiths are largely covered by Paleo-
gene to Neogene mostly marine sediments of the
BT central basins. In our reconstructions (Fig. 14),
subduction below the BT is also limited and impeded
by the rapid northward motion and the volcanic arc
was likely dead during the Eocene. This indicates
that the WPA was probably not a major source of
sediments for the adjacent major basins. DZA data
from Eocene sediments from the central IBR are
also quite similar to those of the CBB block (Fig.
S25) suggesting that the central IBR was not of sig-
nificant relief and thus a source of sediments during
the Eocene.

For the Oligocene and Miocene, there is already
evidence that sediments come from the India–Asia
collision zone because the sediments from the Barail
Formation in the IBR, the Padaung Formation and
the Letkat Formation from the BT central basins
have detrital zircons with young ZFT ages (Zhang
et al. 2019a; Betka et al. 2021) or apatite with U–
Pb ages indicating already very fast exhumation
(Westerweel et al. 2020) within a region of active
tectonics. During the Eocene, erosion of the Gangd-
ese Arc and the domains involved in the collision are
likely to have been a major source of sediments that
were deposited in a wide proto-Bengal basin from
the BT to the Indian margin. From the U–Pb DZA
dataset (Figs S24, S25 and S26), it seems difficult
to reject that hypothesis. The generally positive εHf
values from Cretaceous to Eocene zircons found in
Eocene BT sediments is not a good argument to
assert a WPA origin as zircons from the Gangdese
arc also have positive εHf values (see Najman et al.
2022 for a recent review). The distributions of zircon
ages in Eocene sedimentary rocks from the BT are
also closely comparable to those found in Eocene
sedimentary rocks of the Lhasa margin (Xigaze
basin) and Tethyan Himalayas (Ma et al. 2022a,
2023; Fig. S24). The main difference is a wider
peak in mid-Cretaceous ages in the BT (Fig. S24),
while the zircon distribution of mid-Cretaceous
ages for the Eocene sediments of the Asia margin
is better centred on a slightly younger age

(∼90 Ma), as already shown in Kapp and DeCelles
(2019). Cretaceous U–Pb DZA of the BT sediments
suggest a contribution of both the WPA and Gangd-
ese arc especially during the Eocene (Fig. S27). Oth-
erwise, the pre-Cretaceous U–Pb DZA distributions
in Late Cretaceous to Eocene samples for the CBB,
central IBR and Naga Hills regions suggest a sedi-
ment source likely from the Triassic Pane Chaung
or Langjiexue Formations (Fig. S28; see also
Naing et al. 2023). However, we should consider
that most of the basement rocks from the region
share similar Cambrian and Precambrian DZA char-
acteristics – Naga Metamorphic rocks (Aitchison
et al. 2019), Langjiexue Formation, Pane Chaung
Formation (Naing et al. 2023), Katha–Gangaw
Range (Aung et al. 2022) – as most of the terranes
(Lhasa, Argoland, Greater India) were probably
nearby before their break-up from the northern
Gondwananmargin. Future sedimentological studies
will need to focus provenance budgets on multi-
proxy geochronological data (Bracciali 2019; Arboit
et al. 2021) but also on integrated petrographic,
heavy-mineral and geochemical datasets (Liang
et al. 2022). At this stage, the arguments against
the hypothesis that the Eocene sediments of the BT
central basins and the IBR cover are partly derived
from the India–Asia collision need to be re-evaluated
(Arboit et al. 2021).

After ∼50 Ma, a source of sediments filling the
BT central basins and IBR from the erosion of the
deforming parts of the northeastern part of Greater
India and Greater Burma but also from the Gangdese
belt would lend support to a collision of India with
Asia at ∼50 Ma.

To explain the early collision of India with Asia,
van Hinsbergen et al. (2012) proposed the existence
of a Greater India Basin (GIB). According to their
hypothesis, the Tethyan Himalaya block collided
with Lhasa at ∼60 Ma. The collision between India
and Asia was finalized during the Oligocene period.
Our interpretation of the source of Eocene sediments
filling the BT and Bengal basin is therefore incom-
patible with the GIB model (Van Hinsbergen et al.
2012), as the GIB tectonic setting with a deep-water
ocean between India and Asia would prevent sedi-
ments from the Gangdese reaching the BT.

BT–Sibumasu collision

In our newmodel, the main northern Sibumasu block
is within the collision zone and extruded with Indo-
china during the Eocene–Oligocene after the colli-
sion of Greater India/Greater Burma with Asia
(Fig. 14; Lamont et al. 2021).

From the late Oligocene onwards, the displace-
ment of the BT relative to Sundaland is mainly dex-
tral along a proto-Sagaing Fault inducing the
opening of the Andaman Sea. The major Miocene
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dextral displacement along the Sagaing Fault, which
juxtaposes the weakly deformed BTwith the uplifted
and strongly exhumed Sibumasu margin (Bertrand
et al. 2001) obscures the earlier tectonic setting.
The trace of a past suture between the BT and Sibu-
masu, in the form of an ophiolite belt or an accretion-
ary prism (Morley et al. 2020), remains to be
clearly drawn.

Deformation and uplift within the BT is only
observed in the late Oligocene – early Miocene
based on seismic lines and exhumation ages, with
only incipient and limited uplift in the late Eocene
(Zhang et al. 2017b; Najman et al. 2020;Westerweel
et al. 2020). The main uplift phase in the core of the
IBR (Najman et al. 2020, 2022) occurred during the
Miocene.

Thus, geological evidence supports a reconstruc-
tion model where the central and southern parts of
BT were still separated from Sibumasu until the
early Oligocene, resulting in a later final accretion
of the central and southern parts of BT with Sibu-
masu in the late Oligocene–early Miocene, similar
to the model of Morley et al. (2020). This interpreta-
tion is consistent with an earlier collision between
Asia and the speculated now underthrusted Greater
Burma region, while there is no strong deformation
recording a collision within the BT itself.

With this late Oligocene–early Miocene collision
event on the eastern side of the BT, the hyper-oblique
displacement of India relative to Sibumasu is mainly
partitioned by north–south dextral motion along the
Sagaing Fault and east–west shortening across the
IBR. The exact nature of the plate margin east of
the BT during the Eocene remains a major uncer-
tainty in our model, but the western boundary of
Sibumasu during the Cenozoic was not a classic
Andean-type margin as in most previous models
(e.g. Sevastjanova et al. 2016; Searle et al. 2017;
Zhang et al. 2019b; Li et al. 2020).

Palaeobiogeographical importance of the
BT on a Trans-Tethyan Arc

The BT contains one of the most prolific sites for
Cretaceous fossils preserved in amber anywhere in
the world. Therefore, deducing the origin of all
these species is important for understanding Asian
biodiversity. Palaeolatitude data from the WPA dur-
ing the Cretaceous (Westerweel et al. 2019) pro-
vided a geodynamic framework for interpreting the
very rich palaeobiodiversity preserved in Myanmar
ambers. The rich Burmese record of Cretaceous fos-
sil amber biota contains indications for both Gond-
wanan and endemic traits within the wide range of
species available (e.g. Grimaldi et al. 2002; Poinar
2018; Rasnitsyn and Öhm-Kühnle 2018; Liu et al.
2020). For these reasons, an isolated ribbon block

origin for the BT as part of a Trans-Tethyan subduc-
tion system, which incorporated crustal fragments
from Gondwana, seems the best way to reconcile
the available palaeomagnetic, geological and palae-
ontological information from the BT.

Huang et al. (2021) propose that the BT with its
high floristic diversity was a crossroads for India–
Asia plant dispersals and that a Trans-Tethyan Arc
may also have been an important bridge for impor-
tant species such as the Dipterocarps to be dispersed
from one continent to another (Bansal et al. 2022).
However, the first middle Paleocene fossil wood
specimens from Myanmar also provide evidence
for the early presence of multiple taxa of Laurasian
affinity in Myanmar (Gentis et al. 2023).

The late middle Eocene Pondaung Formation in
Central Myanmar contains sites rich in fossils mam-
mals, especially anthropoids primates, older than
any known African anthropoid site (Jaeger et al.
2019). By examining evidence from anthropoids
and other mammalian groups, Chaimanee et al.
(2024) demonstrate that several dispersal events
occurred between South Asia and Afro-Arabia dur-
ing the middle Eocene to the early Oligocene. The
BT may have been a key bridge in the Neotethys
Ocean to significantly reduce the distance of
overseas dispersal.

Conclusions

This study integrates additional palaeomagnetic
datasets for the Paleocene/Eocene of the BT of
Myanmar to constrain its palaeolatitudinal motion
with previously published results from the early
Late Cretaceous and late Eocene (Westerweel et al.
2019, 2020).

Despite a scatter in palaeolatitude possibly related
to uncertainties in age assignments and the low reli-
ability of some data with a reduced number of sam-
ples, these results reveal a systematic trend towards
an equatorial to slightly southern hemisphere position
of the BT during the Late Cretaceous to Eocene.

Uncertainties remain. Data from the BT are in
better agreement with the APWP for India calculated
from the Australian APWP than with the APWP
global model from Torsvik et al. (2012). This obser-
vation highlights the need to further study the reli-
ability of current APWPs during the Paleogene.

From the available data, we construct a palaeo-
geography with the following key features: (1) the
BT remained in a southern hemisphere position dis-
tant from the southern Asian margin throughout the
Late Cretaceous and early Paleogene; (2) the BT
was incorporated in the Indian Plate in the latest
Paleocene; and (3) it subsequently moved north-
wards with only minor east–west convergence rela-
tive to India along a dextral strike-slip system to its
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east, until (4) a late Oligocene–early Miocene obli-
que collision with the Sundaland margin. These con-
straints on the tectonic history of the BT and eastern
Himalayan orogen provide important new perspec-
tives on the India–Asia collision puzzle, supporting
collision models involving the northward-moving
Indian continent colliding first with a Trans-Tethyan
subduction. Our study suggests that the BT is an
essential component of the Trans-Tethyan Arc and
that the collision of Greater India with this terrane
could explain a very early arrival of sediments with
a signature different from that of the Indian margin
during the Paleocene, not from the Lhasa margin,
but from the northern BT. The collision of Greater
India with the Lhasa margin around 50 Ma becomes
a region of active tectonics, and sediments produced
by the erosion of the uplifting collision zone, poten-
tially including the Gangdese Arc, could be an addi-
tional source of sediments filling the basins of the BT
from the middle Eocene onwards, even being the
early stages of a proto-Bengal basin. This updated
palaeogeography model of the India–Asia collision
has important implications for understanding the
interplay between Asian tectonics and climate, as
well as the origin and dispersion of the prolific Bur-
mese pollen and (amber) fossil record. However,
despite our collision model being supported by the
available geological data, it is also clear that it con-
tains important uncertainties, in particular the postu-
lated disappearance of a Greater Burma block,
mainly due to the lack of tectonic constraints from
the extremely deformed eastern end of the Himala-
yan collision zone. Therefore, the collision model
and the key role of the BT therein presented here
opens up new frontiers for further research across
the Himalayan orogen to resolve these uncertainties.
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