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ABSTRACT
The geological history of the Burmese
subduction margin, where India obliquely
subducts below Indochina, remains poorly
documented although it is key to deciphering
geodynamic models for the evolution of the
broader Tibetan-Himalayan orogen. Various
scenarios for the evolution of the orogen have
been proposed, including a collision of India
with Myanmar in the Paleogene, a significant
extrusion of Myanmar and Indochina from
the India-Asia collision zone, or very little
change in paleogeography and subduction
regime since the India-Asia collision. This
article examines the history of the Burmese
forearc basin, with a particular focus on
Eocene–Oligocene times to reconstruct the
evolution of the Burmese margin during the
early stages of the India-Asia collision. We
report on sedimentological, geochemical,
petrographical, and geochronological data
from the Chindwin Basin—the northern part
of the Burmese forearc—and integrate these
results with previous data from other basins
in central Myanmar.
Our results show that the Burmese margin
acted as a regular Andean-type subduction
margin until the late middle Eocene, with a
forearc basin that was open to the trench and
fed by the denudation of the Andean volcanic
arc to the east. We show that the modern
tectonic configuration of central Myanmar
formed 39–37 million years ago, when the
licht@uw.edu
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Burmese margin shifted from an Andeantype margin to a hyper-oblique margin.
The forearc basin was quickly partitioned
into individual pull-apart basins, bounded
to the west by a quickly emerged accretionary prism, and to the east by synchronously
exhumed basement rocks, including coeval
high-grade metamorphics. We interpret this
shift as resulting from the onset of strike-slip
deformation on the subduction margin leading to the formation of a paleo-sliver plate,
with a paleo fault system in the accretionary
prism, pull-apart basins in the forearc, and
another paleo fault system in the backarc.
This evolution implies that hyper-oblique
convergence below the Burmese margin is
at least twice older than previously thought.
Our results reject any India-Asia convergence scenario involving an early Paleogene
collision of India with Myanmar. In contrast,
our results validate conservative geodynamic
models arguing for a close-to-modern precollisional paleogeometry for the Indochina
Peninsula, and indicate that any post-collisional rotation of Indochina, if it occurred
at all, must have been achieved by the late
middle Eocene.
1. INTRODUCTION
The Himalayan-Tibetan orogen, a result of
the India-Asia collision, is commonly considered as the type orogen for continent-continent
collisional systems and a natural laboratory to
study the dynamics of continental convergence
(Yin and Harrison, 2000). Our seemingly vast

knowledge of the Himalayan-Tibetan system
comes from decades of work along ~2600 km
of the approximately west-east–trending arcuate strike of the orogen in NW India, Nepal,
Bhutan, and Tibet (e.g., Allègre et al., 1984;
Chen et al., 1993; Yin et al., 1994; Searle et al.,
1997; Harrison et al., 1998; DeCelles et al.,
2002, 2014; Najman et al., 2010, 2017; McQuarrie et al., 2014; Ma et al., 2016). Yet, the
pre-collisional paleogeography of the Asian active margin, the chronology of the collision, and
the deformation mechanisms accommodating
the post-collisional convergence remain debated
(e.g., Shen et al., 2001; Royden et al., 2008; van
Hinsbergen et al., 2011a; Replumaz et al., 2010,
2013). Noticeably, an enormous spatial gap is
left in our understanding of the convergence.
With some notable exceptions (Pivnik et al.,
1998; Socquet et al., 2002; Rangin et al., 2013),
~1500 km of the orogen trending north-south in
Myanmar is underrepresented in our efforts to
understand this complex system. The histories
of the Burma Terrane, a small individual continental block located at the edge of the eastern
Himalayan syntaxis, and of the active margin
on the Burma Terrane, where the Indian plate
subducts below the western edge of peninsular
Indochina (Fig. 1A), remain virtually undocumented and are the focus of intense speculation. Reconstructing the history of the Burmese
margin is, however, a prerequisite for any paleotectonic and geodynamic understanding of the
broader Tibetan-Himalayan orogen.
Two end-member geodynamic models are proposed to explain how Asian lithospheric defor
mation has accommodated the convergence of
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Figure 1. Structural map of South Asia today (A) and hypothetical maps 60 million years ago following deformation models
dominated by extrusion (B) or shortening processes (C). Modified after Replumaz and Tapponnier, (2003), Pubellier (2008),
van Hinsbergen et al. (2011a), Hall (2012), and Royden et al. (2008). KA—Kohistan Arc; LT—Lhasa Terrane; QT—Qiangtang Terrane; SG—Songpan Ganzi complex; SC—South China Craton; BT—Burma terrane; ST—Sibumasu Terrane;
IB—Indochina Terrane; MMB—Mogok Metamorphic Belt; ASRR—Ailao Shan–Red River shear zone. The red arrows
indicate the direction of convergence (after Lee and Lawver, 1995; van Hinsbergen et al., 2011b). Note that before the IndiaAsia collision, extrusion models propose that the Burma Terrane was located either along the collision front (e.g., Replumaz
and Tapponnier, 2003) or farther east, away from the collision zone (e.g., Royden et al., 2008).
India and Asia since the collision began: (1) lateral extrusion of Asian lithospheric blocks away
from the collision zone with partial underthrusting of Asian blocks along strike-slip faults (e.g.,
Tapponnier et al., 1982; Replumaz and Tapponnier, 2003; Royden et al., 2008; Replumaz et al.,
2010, 2013; Cogné et al., 2013), and (2) homogeneous thickening and continuous deformation
of weaker Asian lithosphere (e.g., England and
Houseman; 1986, Molnar et al., 1993; Hallet
and Molnar, 2001; Shen et al., 2001; van Hinsbergen et al., 2011a). In most plate kinematic
models dominated by extrusion, India collides
with the Burmese subduction margin in the early
time of the collision ca. 55 Ma (Fig. 1B; Tapponnier et al., 1982; Replumaz and Tapponnier,
2003; Replumaz et al., 2010; Cogné et al., 2013;
Gibbons et al., 2015). The Burma Terrane and
Indochina are later extruded from the collision
zone to end up in their modern position, south of
the Eastern Himalayan syntaxis. In other kine
matic models dominated by extrusion, India
does not collide with the Burma Terrane but with
the Lhasa Terrane in Tibet (Fig. 1B); the Burma
Terrane is located to the southeast of the Lhasa
Terrane and is dragged northward by the Indian
Plate while Indochina is extruded eastward
(Royden et al., 2008). By contrast, models dominated by homogeneous thickening and continuous deformation of Asian lithosphere propose a
more conservative paleogeography for the Burmese margin (Fig. 1C): pre-collisional Myanmar
and peninsular Indochina already form a narrow
peninsula at the southeastward extremity of East
Asia very close to their modern position (Molnar
et al., 1993; Hallet and Molnar, 2001; Shen et al.,
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2001; van Hinsbergen et al., 2011a). Most of the
continuous deformation models suggest that
the Burmese subduction margin lies to the east
of the collision zone and is thus not particularly
impacted by post-collisional deformation (van
Hinsbergen et al., 2011a, 2012; Hall, 2012), but
others propose that India collided first with the
Burmese margin before continuing northward
to its modern position (Aitchison et al., 2007;
Vérard et al., 2017).
The sedimentary deposits of the forearc basin
of central Myanmar provide a unique opportunity
to document the paleogeography and deformation history of the Burmese subduction margin
and decipher these different models. This article
examines the history of the Burmese forearc basin, with a particular focus on Eocene–Oligocene
times to reconstruct the evolution of the Burmese
margin during the early stages of the India-Asia
collision. Here, we report on sedimentological,
geochemical, modal petrographical, and U-Pb
detrital zircon geochronological data from the
Chindwin Basin (northern part of the Burmese
forearc basin), and integrate these results with
previous data from other basins of central Myanmar to reconstruct the evolution of the Burmese
margin through the Paleogene.
2. GEOLOGICAL CONTEXT
2.1. The Burma Terrane and the Burmese
Subduction Margin
Myanmar can be divided into two roughly
north-south–trending belts that lie on two basement blocks: central Myanmar on the Burma

Terrane, and the Shan Plateau on the Sibumasu
Terrane (Fig. 2). At the transition between both
terranes, the deep basement of the Burma Terrane, consisting of Middle Jurassic ophiolites of
the Burma-Sibumasu suture and metamorphics
from the basement of the Sibumasu Terrane,
is partially exposed and forms a succession of
metamorphic belts (Jade Mine Belt, Slate Belt,
Mogok Metamorphic Belt; Bertrand and Rangin
2003; Mitchell et al. 2007, 2012; Searle et al.,
2012, 2017; Liu et al., 2016). It is not clear when
the Burma Terrane collided with the Sibumasu
Terrane; various unconstrained age estimates
are proposed ranging from the Middle Jurassic
to the latest Cretaceous, and the existence of a
suture between both terranes is even challenged
(Mitchell, 1993; Metcalfe, 2013; Sevastjanova
et al., 2016; Liu et al., 2016; Searle et al., 2017);
U-Pb zircon ages from intrusions and gneisses
in the Mogok Metamorphic belt suggest a latest
Jurassic–early Cretaceous age for the collision
event (Mitchell et al., 2012).
The mid Cretaceous–early Paleogene tectonic evolution of Myanmar is marked by the
subduction of the Neotethyan Ocean below
western Myanmar along the Arakan Trench
(Bender, 1983). The modern Burmese subduction margin formed as an Andean-type
accretionary setting after rapid, forearc suprasubduction ophiolite spreading at ca. 125 Ma
and the set-up of the Central Myanmar Basins
developed in a forearc/backarc setting on the
Burma Terrane (Bender, 1983; Pivnik et al.,
1998; Liu et al., 2016; Zhang et al., 2017a).
The timing of this onset mirrors the evolution
of the Xigaze forearc Basin in Tibet (Maffione

Geological Society of America Bulletin, v. 1XX, no. XX/XX

licht-B35002.1  1st pages / 3 of 19
Paleogene evolution of the Burmese forearc basin
80°

100°

92°

30°

96°

Tibet

ITSZ

10°

Section on Fig. 3
Myanmar borders
Convergence zone
Main Fault
Area of study

sin

24°

Cb

Tibetan-Himalayan domain:
Assam and Indian
Foreland Basins
Cretaceous-Paleogene
Asian Volcanic Arc
Himalayan Ranges

WPA

3

Shan
Sb
Fig. 1 Plateau
3
1

Mb

Lhasa Terrane rocks
Songpan Ganze &
Yangtze complexes
Myanmar domain:

Yunnan

m Ba

Assa

Bengal
Bay

20°

2

KF

#

28°

Himalayas

1000 km

Pb

Central Myanmar Basins

Ptb

Indo-Burman Ranges
Cretaceous-Paleogene
Asian Volcanic Arc
Burma Terrane rocks: Triassic 200 km
metamorphics and Cretaceous
ophiolites
Burma Terrane rocks: Metamorphics,
Paleozoic-Jurassic Granitoids, Jurassic Ophiolites

16°
SF

Sub-Basin

Andaman
Sea
Sibumasu Terrane rocks

Figure 2. Schematic map of the eastern Himalayan syntaxis and
central Myanmar, with the main geological units, after Licht et al.
(2013); boundaries between Tibetan and SE Asian terranes are not
precisely drawn because they are poorly known. The approximate
axis of the Wuntho-Popa Andean arc (WPA) is shown by a thick,
dashed black line. The sub-basins of central Myanmar are indicated
with thin, dashed black lines: the Chindwin, Minbu, and Pathein
Basins (Cb, Mb, and Ptb) in the forearc, the Shwebo and Pegu
Basins (Sb and Pb) in the backarc. ITSZ—Indus-Tsangpo Suture
Zone; SF—Sagaing Fault; KF—Kabaw Fault. Numbers in circles
indicate the location of the synthetic logs in Figure 3, and the red
line indicates the location of the cross section in Figure 13. Area of
study in shown by a red circle. Symbol (3) sits at the location of our
composite section.

et al., 2015; Liu et al., 2016; Wang et al., 2017).
This period is marked by intense magmatic
activity in the Andean-type Wuntho Popa Arc,
today represented by several large batholiths
and related volcanic rocks that straddle the
middle of the Central Myanmar Basins (Fig. 2;
Zaw, 1990; Maury et al., 2004; Gardiner et al.,
2015, 2017; Lee et al., 2016). The WunthoPopa Arc is commonly considered the eastern
continuation of the Gangdese Arc of Tibet (Ma
et al., 2013; Wang et al., 2014) and consists of
widespread I-type batholiths and andesitic bodies punctuated with isolated S-type intrusions
(Zhang et al., 2017b). Recently published U-Pb

ages suggest a period of activity spanning from
110 to 30 Ma (Mitchell et al. 2012; Wang et al.,
2014; Gardiner et al., 2015, 2017; Zhang et al.,
2017b), with a main magmatic stage between
110 and 80 Ma and a subordinate magmatic
stage at ca. 70–40 Ma. Cretaceous-Paleogene
plutons are also present farther east along the
Shan Scarp (Granitic Tin Belt of Gardiner
et al., 2017) and may reflect temporary periods
of eastward migration of the Andean-type arc
(Gardiner et al., 2015), but their chronology
and relationship with the Wuntho-Popa Arc remain poorly understood. The Burmese margin
was then deformed by dextral strike-slip shear

and other faulting, resulting in partitioning by
pull-apart subsidence of the Central Myanmar
Basins (Pivnik et al., 1998; Rangin et al., 1999)
and in high-grade metamorphism in the Mogok
Metamorphic Belt (Bertrand et al., 2001; Bertrand and Rangin, 2003; Barley et al., 2003;
Searle et al., 2007). This strike-slip deformation regime is commonly explained as resulting from the hyper-oblique convergence of the
Indian plate below the Burmese margin. As a
result of this oblique convergence and subsequent deformation, central and western Myanmar were dragged northward (Socquet et al.,
2006; Morley, 2009). The timing for the onset
of strike-slip deformation and hyper-oblique regime is not clear, but oldest U-Pb zircon ages
and 40K-40Ar cooling ages of gneisses in the
Mogok Metamorphic Belt indicate that highgrade metamorphism had started by the late
Eocene (ca. 37–36 Ma) along a paleo “Shan
Scarp Fault” following the eastern margin of
the Burma Terrane (Bertrand et al., 2001; Searle
et al., 2007; Morley, 2009; 2017). Two U-Pb
ages in metamorphic overgrowths of zircons
suggest that it might have started even earlier,
by the middle Eocene (47 and 43 Ma; Barley
et al., 2003). Since the middle Miocene, following the opening of the Andaman Sea between
Myanmar and Sumatra, the strike-slip motion
has been partitioned and accommodated by
the Sagaing Fault along the Mogok Metamorphic Belt, the Kabaw Fault in the Indo-Burman
Ranges, and the Arakan Trench (Khan and
Chakraborty 2005; Socquet et al., 2006). Since
then, central Myanmar has formed an individual and complex sliver plate between these two
faults, the total dextral displacement of which
is variously estimated at 400–500 km to more
than 1000 km (Maung 1987; Mitchell, 1993;
Socquet et al., 2006; Morley, 2009, 2017).
2.2. The Indo-Burman Ranges
On its western margin, the Burma Terrane is
separated from the Indian Foreland Basin and
the Bengal Bay by the Indo-Burman Ranges,
which constitute the accretionary complex
produced by the Indian subduction under the
Burmese active margin (Brunnschweiler, 1966;
Maurin and Rangin, 2009; Bannert et al., 2011;
Zhang et al., 2017a). The Indo-Burman Ranges
are divided into an outer wedge made of Neogene Himalayan-sourced clastic sequences affected by folds and thrusts, and an inner wedge
mainly constituted of early Cretaceous ophio
lites and Triassic schists covered by Upper
Cretaceous–Eocene marine turbidites (see also
Figure 13C; Maurin and Rangin, 2009; Bannert
et al., 2011). The origin of the Triassic schists
is still unclear, but they may belong to a micro-
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continent accreted and thrusted on the Burmese
margin between 125 and 110 Ma (Morley,
2012), or be part of the pre-Jurassic Burma Terrane basement that was dismantled after suprasubduction spreading of the forearc (Sevastja
nova et al., 2016). The oldest Cretaceous marine
turbidites overlying the Triassic schists in the
Indo-Burman Ranges are dated to the Campanian, but some deposits contain allochthonous
blocks of Albian limestones (Bender, 1983).
The outer wedge experienced uplift starting
in the late Miocene as a consequence of either
increased and potentially faster subduction
of sediment from the Bengal Basin and Syllet
Trough on the Indian Plate (Maurin and Rangin,
2009) or westward crustal flow from southeastern Tibet resulting in E-W shortening on the
Burma Terrane (Rangin et al., 2013). The structure, timing of uplift and emergence of the inner
wedge remain poorly understood.
The most common view is that the inner
wedge was exhumed during an early episode
of accretionary building along the Burmese active margin, either during the early Cretaceous
(Liu et al., 2016; Zhang et al., 2017a) or Late
Cretaceous–Paleogene (Bender, 1983; Socquet
et al., 2002). Acharyya (2007, 2015). Metcalfe
(2013) proposed that the early uplift of the inner wedge was caused by the accretion of individual island arc fragments that accreted along
the Burmese margin during the Paleogene, but
evidence for these island arc fragments in the
inner wedge is lacking. Nielsen et al. (2004) and
Maurin and Rangin (2009) argue that the inner
wedge is more complex than a simple accretionary wedge; the core of the inner wedge follows a
N-S strike-slip fault system and displays a positive flower structure, similar to retro-wedges
formed along hyper-oblique convergence zones
(Burbidge and Braun, 1998; McClay et al.,
2004; Leever et al., 2011). Today, the inner
wedge fault system is traversed by the Kabaw
strike-slip fault system and accommodates a significant component (1/4–1/3) of the N-S strike
slip deformation of the Burma Terrane (Nielsen
et al., 2004; Socquet et al., 2006).
A combined petrographic and isotopic study
of Paleogene marine turbidites from the inner
wedge of the Arakan Yoma (southern edge of
the Indo-Burman Ranges) identified a persistent youngest zircon-fission track population
of 37 Ma in the sandstones (Allen et al. 2008).
It is not clear if this fission-track age reflects a
volcanic age—thus giving a maximum age for
the deposition of the last flysch in the accretionary prism, suggesting that the inner wedge was
emerged quickly thereafter—or if this age has
been reset and reflects an episode of exhumation, indicating that the inner wedge was getting uplifted at that time. Both interpretations
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suggest a first, late Eocene uplift for the IndoBurman Ranges. In addition, sedimentary provenance databased on Nd and Sr isotopes of late
Paleogene units in the Central Myanmar Basin
suggests that the Indo-Burman Ranges emerged
in the early Oligocene (Licht et al., 2013, 2016).
However, the precise timing of uplift and its
mechanisms remain unknown.
2.3. The Burmese Forearc
and Backarc Basins
The Central Myanmar Basins comprise two
N-S–trending lateral troughs of Late Cretaceous–Cenozoic sub-basins, located both east
(in a backarc position) and west (in a forearc
position) of the Wuntho-Popa Arc.
The backarc basin of central Myanmar itself
comprises two sub-basins, the Shwebo Basin
to the north and the Pegu Basin to the south
(Bender, 1983). Deposits overlie basement
rocks constituted of Mesozoic marine turbidites and metamorphics and Middle Jurassic
ophiolitic material (Morley, 2017; Searle et al.,
2017). The sedimentary sequence starts with
Upper Cretaceous–middle Eocene conglomerates, volcaniclastics, and sandstones of the
Tonkyauk Chaung and Male Formations, followed by the upper Eocene–lowermost Oligocene Pondaung Formation (Fig. 3A; Thein and
Maung, 2017; Zhang et al., 2017b). The Paleogene deposits of the Shwebo Basin are exclusively continental (Thein and Maung, 2017); it
is not known whether the deposits in the Pegu
Basin are marine or freshwater. The Paleogene sequence ends with a major Oligocene
(?) unconformity observable in seismic lines
(Zhang et al., 2017b). Neogene deposits consist of southward prograding tidal-influenced
estuarine sequences: the Sadwingyi and Pinde
taung Formations in the Shwebo Basin, and
the Taungtalon, Moza, and Khabo Formations
in the Pegu Basin (Khin and Myitta, 1999).
These formations are unconformably overlain
by the late middle Miocene–Quaternary fluviatile Irrawaddy Formation (Pivnik et al., 1998;
Chavasseau et al., 2006). The Pegu Basin has
been inverted and uplifted since the late Miocene and constitutes a local (and recent) topographic high (Bender, 1983).
The forearc basin of central Myanmar comprises two major sub-basins, the Chindwin
Basin to the north and the Minbu (also called
Salin) Basin to the south. These basins are
separated today by the Pondaung Ranges, a
small topographic high at ~22°N latitude where
Paleogene units crop out (Bender, 1983; Pivnik
et al., 1998; MGS, 2014). These two sub-basins
have also been subdivided into smaller basins
by previous authors (including the Pathein Sub-

basin to the south; e.g., Bender, 1983) but we
will keep things simple and refer only to the
two main basins. On the western margin of
both basins, supra-subduction ophiolites of the
forearc basement crop out along a narrow window stretching along the east side of the IndoBurman Ranges, and are presumably directly
overlain by sedimentary deposits (Liu et al.,
2016). On the basins’ eastern edges, sediments
onlap granitic rocks of the Wuntho-Popa Arc
(Zhang et al., 2017b). The Cretaceous–early
Cenozoic depositional history is largely similar
in both sub-basins. The sequence starts with the
poorly exposed Kabaw Formation, constituted
of marine limestones and mudstones spanning
from the Albian to the Maastrichtian (Figs. 3B
and 3C; Bender, 1983). The early Cenozoic
sequence includes the Paunggyi, Laungshe,
Tilin, and Tabyin Formations spanning from
the latest Maastrichtian (?) to the middle
Eocene (Nagappa, 1959), all of which consist
of shallow-marine siliciclastics with rare continental episodes (Bender, 1983). These units
are only differentiated by their dominant grainsize (sandstone or mudstone); their lithostratigraphic boundaries remain vague. The late
middle Eocene Pondaung Formation, present in
both basins (and here older than in the backarc basin), is the only unit that has received
considerable attention, because of its prolific
mammalian faunal and paleobotanical remains
(e.g., Jaeger et al., 1999; 
Chaimanee et al.,
2012; Licht et al., 2014a, 2015). The Pondaung
Formation reflects westward directed fluviodeltaic systems, the upper member of which is
continental with carbonate-bearing paleosols,
stacked channels, fossil vertebrates, and freshwater gastropods (Licht et al., 2013, 2014b,
2014c). In the Minbu Basin, the fossiliferous
upper member is precisely dated at ca. 40–
39 Ma via a combination of magnetostratigraphy, biostratigraphy, and geochronology (see
review of dating results in Licht et al., 2015).
The late middle Eocene–upper Eocene Yaw
Formation of central Myanmar represents a
period of significant changes in Burmese stratigraphy, with the first pieces of evidence for differentiation between the Minbu and Chindwin
Basins. In the Minbu Basin, the Yaw Formation
only comprises shallow-marine, fine-grained
nummulite-bearing deposits (Nagappa, 1959;
Adnet et al., 2008); in the Chindwin Basin, the
lithofacies of the Yaw Formation are more varied, with evidence for marine intervals, fresh
water gastropods, and lignites yielding continental vertebrates (Licht et al., 2013, 2014c).
Subsequent younger geological units are
significantly different in both basins (Figs. 3B
and 3C). In the Minbu Basin, the Yaw Formation is followed by the Shwezetaw, Padaung,
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Location of the three logs is shown on Figure 2. vfs—very fine sand; fs—fine sand; ms—medium sand; cs—coarse sand.

and Okhmintaung Formations, which all
yield shallow-marine Oligocene gastropods,
bivalves, and foraminifera (Bender, 1983).
Gough and Hall (2017) recently interpreted
these units as representing southwards-trending deltaic systems; once again, the boundaries
of these units are lithologically based and often
vague. They are followed by the lower to middle Miocene fluvio-deltaic Pyawbwe, Kyaukkok, and Obogon Formations (Bender, 1983)
that are overlain by the fluviatile late middle
Miocene–Pliocene Irrawaddy Formation
(Bender, 1983; Chavasseau et al., 2006, 2010).
In the Chindwin Basin, the Yaw Formation is

overlain by the Letkat Formation, an ~1.5-kmthick sequence of afossiliferous fluviatile sandstones (United Nations, 1978). Some authors
have proposed that the contact between the
Letkat and the Yaw Formation is unconformable and that the Oligocene is missing in the
Chindwin Basin (United Nations, 1978; Wang
et al., 2014), whereas Bender (1983) proposes
a conformable contact and indicates the presence of undescribed Oligocene sporomorphs in
the Letkat Formation. The Letkat Formation is
overlain by the afossiliferous fluviatile Natma
and Shwetamin Formations of hypothetical
Miocene age (United Nations, 1978; Bender,

1983) that are eventually unconformably overlain by the same fluviatile Irrawaddy Formation found in the Minbu Basin.
3. METHODS
3.1. Sedimentology and Stratigraphy
To determine the Paleogene evolution of the
Burmese forearc basin, we explored and described deposits along a ~100 km north-south–
trending portion of the Chindwin Basin in the
rainshadow of the Indo-Burman Ranges. We
started south of the city of Kalewa and contin-
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Figure 4. Composite log of the upper part of the Yaw Formation and lower part of the Letkat Formation, Chindwin Basin,
with their facies associations (description in Table 1). Maximum depositional ages for our sandstone samples and age of the
Tuff layer dated in this study are also shown. In the Paleosol column, black lines indicate histosols whereas red lines indicate
ultisols. vfs—very fine sand; fs—fine sand; ms—medium sand; cs—coarse sand; B—Boulder.
ued up to the north of the city of Mawlaik, with
a particular focus on the middle Eocene–Oligo
cene Pondaung, Yaw, and Letkat Formations
(Fig. 2). Additionally, we measured a composite
section spanning the Yaw and Letkat Formations, composed of five stratigraphic sections
correlated in the field (distance between sections
is ~200–2000 m). The location of the composite

section is indicated on Figure 2. Detailed logs
are available in Figure DR11, and are combined
into a composite log in Figure 4. We described
the sedimentary facies of these two formations,
classified them into ten lithofacies adapted from
the classification of Miall (2013), and grouped
them into four facies associations (Table 1).
Finally, we measured paleoflow directions on

1
GSA Data Repository item 2018336, including supplementary figures, geochronological data, sulfur isotope and grain counting results, is available at http://www.geosociety.org/datarepository/2018 or by request
to editing@geosociety.org.
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3-D outcrops of sandstone trough cross-bedding
(facies “St” of Table 1) according to standard
field methods (Collinson et al., 2006); results
are displayed on Figure 5.
3.2. Sulfur Isotope Analysis
Employing a common way to distinguish
brackish from freshwater swamp deposits (Casagrande, 1987), lignite samples from the Yaw
Formation were crushed and weighted for sulfur
content and isotopic composition (measured as
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TABLE 1. LITHOFACIES AND FACIES ASSOCIATIONS IDENTIFIED IN
THE YAW AND LETKAT FORMATIONS, CHINDWIN BASIN
Facies Description
Facies association FA1
Fm
Massive black mudstones; sets of 10 cm to 2 m; rare preserved
planar laminations with millimeter spacing.
Fs/Fm Grey siltstones, either showing planar laminations or small planar
cross-lamination (<1 cm); occurring in small sets (<5 cm);
interfingered with thicker sets of massive black mudstones.
Ls/Fm Siderite beds; nodular or continuous; 5–20 cm thick. Always
interfingered with thicker sets of black mudstones, creating
apparent cycling mudstone/siderite alternations.
Facies association FA2
Sw
Heterolithic facies dominantly made of siltstones to very fine
sandstones forming either climbing ripple cross-laminations,
symmetrical cross-laminations with bundled and chevron
upbuilding, or wavy laminations. Set thickness varies from 5 to
40 cm, with undulating bounding surfaces, and interfingered with
grey mudstone beds forming flaser, lenticular, or wavy beddings.
In rare places, display trace fossils Thalassinoides and Skolithos.
Ssm Dark-grey siltstones to very fine sandstones, occurring in sets of
20 cm to 4 m. commonly structureless and mixed with mud, but
can sometime show either planar lanimations, small (<3 cm) trough
cross-laminations, symmetrical cross-laminations with bundled and
chevron upbuilding. Yield amber; fish bones; freshwater gastropods
and bivalves; rich in plant debris. Show sometimes rootlets.
Cs
Sapropelic lignite, 5–50 cm thick, made of thinly laminated organic
debris, interfingered with millimeter-thick layers of silt to very
fine sand.
Sp
Very fine to fine sandstones occurring in 20 cm to 4 m thick beds
of small (3-15 cm) sets made of horizontal laminations, planar
or trough cross-laminations. Rich in plant debris; can be rich
in gastropods.
Facies association FA3
St
Fine to gravelly sandstones in 50 cm to 2 m sets of trough crosslaminations. Occurs in cosets of 2 to 5 sets, arranged in wingshaped bodies that can be 10 to 100s of meters wide. Erosive
lower bounding surface, sometimes accompanied with a 5–30 cm
lag of mud clast breccias, conglomerates, rounded fossil bones,
and fossil wood. Commonly rich in plant debris. Uppermost sets
commonly show evidence of pedogenic development.
Sm
Very fine to coarse structureless, massive sandstones, in 50 cm
to 4 m thick beds commonly overlying cosets of facies St. Mud
matrix, dominantly red to brown, with green to blue mottles and rare
pedogenic nodules.
Facies association FA4
Cv
Massive lignite, laterally extensive, 20 cm to 2 m, commonly capping
cosets of facies Sw, Ssm, or St. In some locations yields lignified
fossil trunks, turtle plates, and continental vertebrates.

δ34S in ‰ relative to the VCDT [Vienna Canyon
Diablo Troilite] standard). Weighted samples
were flash combusted at 1000 °C with excess
oxygen in a Eurovector Elemental Analyzer
(EA) equipped with a Costech zero-blank auto
sampler, and connected to a ThermoFinnigan
MAT253 isotope ratio mass spectrometer for
measurement of δ34S. Internal laboratory reference materials were interspersed with samples
for a two-point calibration, allowing for conversion to the δ34S VCDT scale and estimations of
total sulfur content (see also Fry et al., 2002).
3.3. Sandstone Petrography
and U-Pb Dating
Medium-grained sandstone samples were
collected along our composite section for petro
logical and geochronological analyses. Thin
sections of 13 sandstone samples were prepared

Interpretation
Settling in subaqueous anoxing
conditions, below depth of
wave action
Settling in subaqueous anoxing
conditions, close to the depth
of wave action
Post-depositional mineralization
in subaqueous anoxic
conditions
Tidal flats

Coastal marsh

Delta front deposits of a bayhead delta
Distributary mouth, bay-head
delta

River channel

U-Pb ages were generated using laser-ablation–
inductively coupled plasma–mass spectrometry
(LA-ICP-MS), using an iCAP RQ Quadrupole
ICP-MS coupled to an Analyte G2 excimer laser
at the University of Washington, using a spot
diameter of 25 microns. Data reduction was conducted with Iolite, using their Geochron Data
Reduction Scheme to calculate U-Pb ages uncorrected for common lead (Paton et al., 2010),
and with the Andersen Routine of the Vizualage
Data Reduction Scheme (Chew et al., 2014) for
U-Pb ages corrected for common lead. Both approaches yielded quasi-identical zircon ages in
our data set, and ages used in this manuscript are
uncorrected for common lead. Detailed location,
stratigraphic level, and U-Pb data are available
in Table DR3 (see footnote 1). Stratigraphic locations for the Yaw and Letkat Formation samples are also indicated on Figure 4. Maximum
depositional age for detrital samples and crystallization age for volcanic samples with multiple
zircon ages were calculated using Tuffzirc (Ludwig, 2003) and are also displayed on Figure 4.
The final age error calculated for each sample is
the quadratic sum of the uncertainty of Tuffzirc
age calculation and of the systematic uncertainty
during each session (~1.3%).
4. RESULTS

Pedogenised overbank

Swamp

and counted according to the Gazzi-Dickinson
method to determine their quartz, feldspar and
lithic grains content (Dickinson, 1985); 300–
350 grains were counted per section. Detailed
results and stratigraphic location of the samples
are available in Table DR2 (see footnote 1).
Paleogene sedimentary rocks below and along
our composite section were sampled for U-Pb
dating of zircons, including one sample from
the Paleocene Paunggyi Formation, two sandstones and one tuff from the Yaw Formation and
four sandstones from the Letkat Formation. Detailed analytical protocols and information about
the data reduction schemes are provided in the
supplementary methods. Briefly, zircon crystals
were extracted by traditional methods of heavy
mineral separation, including concentration with
a Holman-Wilfley gravity shaking table, density
separation with methylene iodide and magnetic
separation with a Frantz Magnetic separator.

4.1. Sedimentology of the Eocene and
Oligocene Deposits in the Chindwin Basin
Deposits and associated lithofacies of the
Pondaung Formation are identical to those
in the Minbu Basin farther south and have already been extensively described in Licht et al.
(2014b); in the southernmost part of the Chindwin Basin, they have also been described by Oo
et al. (2015). Briefly, the formation mainly consists of large, coarse-grained, sandstone bodies,
2–18 m thick, >100 m wide and are dominated
by large sets (up to 1 m thick) of trough crossbedding. The sandstone bodies are interfingered
with fine-grained sequences, with pedogenised
heterolithic deposits and extensive paleosolbearing mudstone successions. Paleosols display vertic features and pedogenic nodules, as
well as different stages of hydromorphic development, and were identified as hydromorphic
vertisols. In the Minbu Basin, these deposits
have yielded a mix of freshwater riparian and
brackish water mangrove trees (Licht et al.,
2014a, 2015), continental vertebrates (Jaeger
et a., 1999; Chaimanee et al., 2012), freshwater
gastropods (Licht et al., 2014c), and occasional
seawater fishes (Adnet et al., 2008). Paleocurrent measurements indicate an unequivocal
westward flow (Fig. 5).
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Figure 5. Paleocurrents for the Pondaung Formation in the Minbu
Basin (after Licht et al., 2013), the Yaw Formation in the Chindwin Basin (including new measurements and data from Licht et al.,
2013), and the Letkat Formation in the Chindwin Basin (this study).
Paleocurrent directions were measured on 3-D exposures of trough
cross-beddings (facies St, Table 1).
Our 1450 m composite sedimentary log of the
Yaw and Letkat Formations is displayed in Figure 4. The sedimentary log starts ~500 m above
the transition from the Pondaung Formation to
the Yaw Formation, which is marked by the first
occurrence of lignites and black mudstones.
The log ends ~700 m below the transition from
the Letkat to the Natma Formation, which is
marked by a significant increase in fine-grained
deposits (United Nations, 1978). In total, the
thickness of the Yaw Formation is estimated to
be around ~1000 m, and the Letkat Formation
to be around ~1500 m.
Deposits of the Yaw Formation display ten
lithofacies that can be divided into four facies
associations (Table 1). Facies association FA1 is
mainly made of massive black mudstones (Fm)
interfingered either with siderite beds (Ls/Fm;
Figs. 6A and 6B) or thinly planar laminated
siltstones (Fs/Fm). Facies association FA2 is
more diverse and is mainly composed of beds of
siltstone to very fine sandstone showing planar
laminations, small planar cross-laminations, and
symmetrical cross-laminations with bundled
and chevron upbuilding typical of wave-formed
cross-laminations (Nichols, 2009). These finegrained beds are sometimes interfingered with
gray mudstones, forming flaser, lenticular, and
wavy beddings (facies Sw); these interfingered
beddings can contain trace fossils of Thalassinoides and Skolithos (Figs. 6C to 6H). More
commonly, these beds show evidence for partial mixing and rootlets, and yield amber, fish
bones, freshwater gastropods (thiarids; Licht
et al., 2013) and unionid bivalves (facies Ssm;
Fig. 6G). Sapropelic lignites rich in plant debris
(facies Cs) also occur in sequences of facies Sw
and Ssm, together with sequences of coarser,
cross-laminated sandstones that are also rich in
plant debris and occur in thick (commonly >1m)
tabular sets (facies Sp).
Facies association FA3 is dominated by facies
St, which consists of fine to coarse sandstones

8

organized in meter-thick sets of trough crossstratifications. These sets commonly occur in
cosets of 3–5 sets, have an erosional base and
occasionally have a basal lag full of mud-clast
breccias and plant debris. These cosets occur
in wide (sometimes >200 m) bodies that decrease in grain-size near their wings. In the area
of Mawlaik, ~100 km north of Kalewa, sandstones are occasionally capped by structureless,
pedogenised sandy beds mixed with a mudstone
matrix, displaying a dominant brownish color,
green mottles, sparse slickensides, and pedogenic nodules (facies Sm). This facies has, as of
yet, only been observed in the uppermost layers
of the Yaw Formation preceding the transition to
the Letkat Formation. Finally, facies association
FA4 is made of a single facies Cv, constituted
of thick (up to 2 m), massive lignites that yield
lignified fossil trunks and occasional vertebrate
remains (Fig. 6I).
The four facies associations alternate following regular coarsening-upward cyclothems
(FA1 to FA3) capped by lignites (FA4). FA3
is relatively rare and FA4 lignites can cap a
smaller, FA1-FA2 sequence. The last 100 m of
the Yaw Formation follows an overall coarsening upward sequence and FA3 sandstones become more common. The same facies associations can be found over the 100 km N-S area we
investigated; lignite beds can be tracked over
distances greater than 10 km and are currently
mined for coal production. Paleocurrents measured in FA3 trough crossbeds (facies St) cover
a broad range of directions from S to WNW,
with an average direction toward the southwest
(Fig. 5).
There is no obvious angular unconformity at
the contact between the Yaw Formation and Letkat Formation, but this contact is sharp, marked
by the occurrence of several sandstones bodies
with thick (>2 m) basal lags made of blocks of
reworked sediment, altered siderite, and lignified
fossil trunks (Fig. 6J). The Letkat Formation is

only constituted of FA3. Facies St is commonly
coarser than the sandstone beds observed in the
Yaw Formation, and can be associated with gravels, silicified fossil trunks, and rounded verte
brate bones. We did not observe any inclined
heterolithic stratification in the sandstone bodies; cosets of facies St are commonly occurring
in wide (tens of meters) tabular or wing-shaped
bodies. Facies Sm is also more present, usually
capping 10–15 m cosets of facies St. Pedogenic
features are different from what is found in the
Pondaung and Yaw Formations; pedogenic nodules are rare, mottles are dominantly reddish or
yellow, sometime root-shaped, and form well
developed, 1–3-m-thick paleosol profiles, with
increasing mottling and mixing upward resembling modern Ultisols (Fig. 6K). The first
200 m of the Formation are particularly coarse,
with gravel beds made of rounded quartz being
common. Gravels disappear after ~250 m, and
most of the remaining deposit is made of coarse
St sandstones with occasional pedogenised Sm
beds. Paleocurrents measured in FA3 trough
crossbeds (facies St) cover a broad range of directions from W to E, with an average direction
toward the south-southwest.
4.2. Sulfur Content and
Isotopic Composition
Lignites sampled for sulfur analysis can be
grouped into two families (Fig. 7). A first family, with low amount of sulfur (~<0.8%) and a
narrow range of δ34S values, between –2 and
+12‰ VCDT, corresponds to the values found
in modern freshwater peats, where sulfur is particularly limited and mostly comes from plant
sulfates (Casagrande, 1987). The second family
display a much broader range of sulfur amount
(up to 5%) and varying sulfur isotopic composition, from –10 to +20‰ VCDT, similar to
those of peats formed under brackish water influence where regular inputs of seawater sulfate
increases the availability of sulfur for bacterial
reduction (Casagrande, 1987).
4.3. Sedimentary Provenance
of the Paleogene Units
Sandstone grain-counting results are plotted on Q-F-L and Lm-Lv-Ls diagrams (Fig. 8)
and compiled with previous data from Paleocene to middle Eocene units in the same section
(Paunggyi, Tilin, and Pondaung Formations;
Wang et al., 2014). Paleocene to middle Eocene
sandstones are volcanic-rich, litharenitic and
display similar grain-counting results to those
of the Paleogene turbidite sample from the
Indo-Burman Ranges of Allen et al. (2008). By
contrast, the Letkat Formation is dominated by
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Figure 6. (A) and (B): black mudstones with cm thick siderite beds, shown by white arrows (facies Ls/Fm). (C) Trace fossil Thalassinoides
in siltstone beds (facies Sw). (D) Wavy bedding with symmetrical cross-laminations (facies Sw). (E) Bed of symmetrical ripples in facies Sw
(typical of wave-formed ripples) viewed from above. (F) Thick accumulation of wavy and flaser bedding (facies Sw). (G) Unionid fossils in
massive very fine sandstone (facies Ssm). (H) Wavy and flaser bedding with planar laminations and asymmetrical cross-laminations (facies
Sw). (I) Meter-thick lignite (facies Cv) overlain by a sandstone body of facies St. (J) Trough cross-bedding (facies St) rich in reworked, oxidized sedimentary clasts in the Letkat Formation. (K) Pedogenised sandstones and mudstones (facies Sm) in the Letkat Formation. When
the scale is not displayed, rock hammers, pencils, and humans can be used for scale.
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F

volcanic-depleted quartzarenites. Sandstones
from the Yaw Formation display intermediate features between both end-members. This
evolution follows the same long-term pattern
as sandstones in the nearby Minbu Basin (Licht
et al., 2016). Eocene sandstones in the Minbu
Basin are much poorer in volcanic lithics compared to the Chindwin Basin; only Miocene
sandstones are purely quartzarenitic, plotting in
the same area as Letkat sandstones on the QFL
ternary diagram (Fig. 8). Carbonate lithic fragments were detected in insignificant proportions
in all samples, as is also observed in the Minbu
Basin (<1%).
Kernel density estimates (KDE) and age
histograms of U-Pb age distributions of individual samples are shown in Figure DR2 (see
footnote 1); individual samples are also compared with other samples from the forearc and
backarc basin of central Myanmar on a multi
dimensional scaling map (MDS; Fig. 9). An
MDS is a visual way to assess the misfit between age distributions using the KolmogorovSmirnov (KS) statistic as the dissimilarity measure (Vermeesch, 2013). Ages from individual
samples are grouped with previous samples of
the Chindwin Basin from Wang et al. (2014)
into three groups on Figure 10: Paleocene to
middle Eocene units (n = 601 from six samples,
including five samples from the Paunggyi,
Tilin, and Pondaung Formations by Wang et al.,
2014), the Yaw Formation (n = 202, from two
samples), and the Letkat Formation (n = 470
from five samples, including one sample from
Wang et al., 2014).

Paleocene to middle Eocene sandstones from
the Chindwin Basin are dominated by Late
Cretaceous (ca. 90–120 Ma) zircons, with a
secondary population of Paleogene (40–60 Ma)
zircons. Except for a single sample (sandstone
from the Tilin Formation; Wang et al., 2014),
Paleocene to middle Eocene sandstones lack
grains older than Late Cretaceous and are statistically distinct from younger sandstones on
the MDS plot (Fig. 9). U-Pb zircon ages from
a sandstone of the Pondaung Formation at the
southernmost edge of the Chindwin Basin (Oo
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Figure 8. QFL and LvLsLm plots of the Letkat Formation, Yaw Formation, and Paleocenemiddle Eocene units from the Chindwin Basin (data from Wang et al., 2014, and this study),
compared with Eocene to Miocene sandstones from the Minbu Basin (Licht et al., 2016) and
a Paleogene turbidite from the Indo-Burman Ranges (Allen et al.; 2008). Main provenance
provinces following Dickinson (1985). Q—quartz; F—feldspar; L—lithic fragments (Lm—
metamorphic; Ls—sedimentary; Lv—volcanic).

et al., 2015) corroborate the lack of older zircons
in Paleocene-middle Eocene sandstones but
should be interpreted with caution because of
the low amount of zircon ages (n = 54). Upper
Eocene to lower Oligocene sandstones from the
backarc basin (Robinson et al., 2014) are similarly exempt of older zircons, but are dominated
by Paleogene grains.
Samples from the Yaw Formation yield a significant proportion of older zircons, with two
notable peaks at 500 and 1200 Ma, as well as
a prominent population of Paleogene zircons.
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Figure 9. Multidimensional scaling map showing the dissimilarities between individual samples
of this study and previously
published samples (Wang et al.,
2014; Robinson et al., 2014).
Axes are in dimensionless “KeS
units” (–1 < KS < 1) of dissimilarity between samples. Final
“stress” value is 0.06, indicating
a fit between “good” and “fair”
(Vermeesch, 2013). Ranges of
variation for individual samples
of Paleocene–middle Eocene
and younger deposits from the
forearc basin are highlighted by
dashed lines.
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Figure 10. Kernel density estiMinbu Basin, Padaung Formation, n=176
mators (KDE) and histograms
(Lower Oligocene, Robinson et al., 2014)
(20 m.y. bins) for Paleocene to
middle Eocene sandstones from
the Chindwin Basin (n = 601,
combining two samples from
Shwebo Basin, Pondaung Formation, n=109
the Paunggyi Formation, one
(Upper Eocene, Robinson et al., 2014)
sample from the Tilin Formation, and two samples from the
Pondaung Formation, all from
Wang et al. (2014), and one
Letkat Formation, n=529
sample from the Paunggyi Formation from this study), from
the Yaw Formation (n = 202,
two samples from this study),
Yaw Formation, n=223
and from the Letkat Formation (n = 470, combining four
samples from this study and
one from Wang et al., 2014),
compared to upper Eocene
Paleocene to Middle Eocene sandstones, n=630
sandstones from the Shwebo
(backarc) Basin (n = 109, two
samples from Robinson et al.,
0
500
1000
1500
2014) and lower Oligocene
Detrital zircon age (Ma)
sandstones from the Minbu Basin (n = 176, three samples from Robinson et al., 2014). The kernel density bandwidth of
each plot was determined with the plug-in bandwidth selection method of Botev et al. (2010).

This trend continues in the sandstones of the
Letkat Formation, which display a dominant
Paleogene peak and numerous Proterozoic zircons. Yaw and Letkat samples occupy the same
space on the MDS plot. Samples from the lower
Oligocene Padaung Formation (Robinson et al.,
2014) in the nearby Minbu Basin display the
same features. These features are also shared by
Neogene samples from central Myanmar (Wang
et al., 2014), as well as in most modern river
samples draining the central Myanmar Basins
(Garzanti et al., 2016).
4.4. Age Model for the Yaw
and Letkat Formations
Youngest U-Pb ages of detrital zircons from
three samples and U-Pb ages of a sampled
tuff are displayed on Figure 4. The maximum
age of the Yaw Formation is constrained by a
maximum depositional age of 39.0 ± 0.8 Ma
(2σ; n = 1 zircon) at the very most base of the
formation ~500 m below the composite log. Although ages based on a single zircon must be interpreted with caution, this age is in agreement
with the age estimate for the unit just below,
the Pondaung Formation, the upper member of
which is dated at 40–39 Ma in the Minbu Basin
via a combination of biostratigraphy, geochronology, and magnetostratigraphy (see review in
Licht et al., 2015). The tuff is located at level

~1000 m in the formation, ~180 m below the
transition to the Letkat Formation, and yields a
38.3 +0.7/–0.9 Ma (2σ; n = 13 zircons) volcanic
age. This indicates an upper Bartonian age for
the Yaw Formation and extremely fast sedimentation rates (>1 m/k.y.). Assuming a similar accumulation rate, the last beds of the Yaw Formation occurred close to the Bartonian–Priabonian
Boundary at 37.8 Ma (Gradstein et al., 2012).
Sandstones from the base of the Letkat Formation did not yield younger zircons, but a
sample ~350 m above the base of the formation
yielded a maximum depositional age of 26.9
+0.4/–0.9 Ma (2σ; n = 4 zircons). A second
sample at the top of our section, ~780 m below the top of the Letkat Formation yielded a
single zircon at 20.2 ± 0.5 Ma (2σ); however, a
more robust maximum depositional age of 23.5
+0.3/–0.4 Ma (2σ; n = 3 zircons) was calculated
using more zircons. This suggests that the upper
part of the Letkat Formation is upper Oligocene
or possibly lower Miocene in age. Assuming
that these maximum depositional ages are close
to actual depositional ages due to the proximity
of an active volcanic arc, the sedimentation rate
of the Letkat Formation was much lower than
for the Yaw Formation (~15 cm/k.y.). This slow
accumulation rate suggests that the base of the
Letkat Formation would start, or be younger
than, ca. 29 Ma and that most of the lower
Oligocene is missing in our section.

5. DISCUSSION
5.1. Depositional Environments
of the Paleogene Forearc
The depositional environments of the Pon
daung Formation in the Minbu Basin have previously been interpreted as reflecting a deltaic
floodplain environment created by westwardprograding fluvial systems, where avulsive
channels, crevasse belts with heterolithic deposits, and pedogenic floodplain fines laterally
grade into each other (Licht et al., 2014b). Our
observations in the Chindwin Basin are in line
with this interpretation.
The combination and alternation of facies
association FA1 to FA4 in the Yaw Formation is
in many ways diagnostic of barrier-bound estuaries (Dalrymple et al., 1992). FA4 and FA3 are
attributed to coastal swamps (paleo-histosols)
and bayhead deltaic river distributaries, respectively. Sulfur content and isotopic composition
indicate that whereas some of the swamps developed in a brackish setting, most were freshwater
(Casagrande, 1987). FA2 reflects near-shore
environments with several variations. Facies Sp
and Cs can be interpreted as representing deltaic lobes and the delta front of bayhead deltas
in the estuary bay (Anthony et al., 2002; Leeder,
2009). Facies Sw, with its evidence for wave-
action, heterolithic stratifications with flaser,
lenticular, and wavy bedding, indicates a tidal
flat environment, which are commonly found
along the shores of estuaries (Tessier et al.,
1995). This interpretation is corroborated by
the presence of trace fossils Thalassinoides and
Skolithos commonly found on firmgrounds of
tidal flats (Gingras et al., 2001). The prominent
facies of this facies association, Ssm, contains
evidence of wave-action and pedogenesis, but
lacks well-marked tidal influence, and is interpreted here as reflecting either an intertidal
marsh or a more vegetated shoreline (Allen,
2000). Finally, facies association FA1 reflects
the sub-tidal central basin depositional environment of a barrier-bound estuary, where massive
organic-rich mud is prominent (Anthony et al.,
1996). The presence of marked anoxic conditions in the central basin, shown by the common occurrence of siderite beds (Mozley and
Wersin, 1992), suggests poor mixing of deep
water and a quasi-closed character for the estuary. Taken together, these facies associations
closely resemble those of the tropical estuary of
the Ouémé River in Benin, which is bounded by
a large sand barrier created by longshore drift
(Anthony et al., 2002). Interestingly, the relative
rarity of facies Sw, the notable absence of any
marine fossils, the relative abundance of freshwater gastropods and unionids, and the overall
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low sulfur content in most of the coal suggests
periods of intermittent estuary closure and shift
to lacustrine setting, as is sometimes observed in
barrier-bound estuaries (Roy et al., 1994).
Thick, wide bodies made of cosets of facies
St that lack any clear inclined heterolithic stratification and are capped by pedogenised, finer
grained sets of facies Sm suggest fluvial channel
bodies typical of braided river systems and asso
ciated overbank deposits (Leeder, 2009). The
shift to pure fluviatile deposition and the presence of a depositional hiatus at the contact between the Yaw and Letkat Formations indicate
that by the end of the Yaw Formation and for
most of the Oligocene, the Chindwin Basin was
overfilled. Moreover, paleocurrent flow measurements from the Letkat Formation indicate a
shift in drainage orientation from westward-oriented in the Eocene to southwestward-oriented
in the Oligocene.
5.2. Tectonic Implications for the Evolution
of the Accretionary Prism
Extremely high accumulation rates (>1 km/
m.y.) imply similar rates of basin subsidence to
keep the bathymetry close to the tidal/shallow
lacustrine domain, and indicate an active tectonic regime during the deposition of the Yaw
Formation. To maintain the quasi-closed estuarine conditions over hundreds of meters of section, a permanent barrier is needed offshore to
the west of our site in the area that is today occupied by the Indo-Burman Ranges. Wave-formed
sandspits could have partly acted as a barrier,
but the scale of the estuary (>100 km wide
along the Burmese coast) is 5–10 times larger
than modern wave-formed estuaries (Dalrymple
et al., 1992).
Southward-directed flow measurements in
the Letkat Formation indicate that by the late
Oligocene, the Indo-Burman Ranges must have
emerged on the western side of the Chindwin
Basin in order to stop the westward progradation of fluvio-deltaic systems and instead drain
fluvial systems southward. This corroborates
preliminary work in the Minbu Basin farther
south, where southward-prograding deltaic
systems are observed starting in the early
Oligocene (Gough and Hall, 2017). Incipient
uplift of the accretionary prism must thus have
started during or before the Oligocene. We
propose that the quasi-closed estuarine conditions of the Yaw Formation in the Chindwin
Basin reflect the initial emergence of the IndoBurman Ranges offshore, which provided the
necessary near-sea level topographic barrier
(Fig. 11). This interpretation implies that by
39–38 Ma, the Indo-Burman Ranges were already being uplifted and were partly emerged.

12

Study site

m

Barrier

~20 k

Indo-Burman
Ranges

FA3 & FA4
Bayhead deltas
FA2
FA1 Tidal flats / and swamps
Central Marshes
Basin

Figure 11. Depositional model for the Yaw Formation, inspired from
the depositional model of tropical estuary of the Ouémé River in Benin (Anthony et al., 2002). Facies Association FA1 represents the central basin of a quasi-closed estuary, whereas FA2 reflects the coastal/
intertidal component; FA3 represents distributary channels of the
bayhead delta, and FA4 deltaic swamps. We propose that the nascent
Indo-Burman Ranges provided the necessary barrier to close the
estuary.

This timing is in agreement with geochronological data from Paleogene turbidites in the
accretionary wedge farther south in the IndoBurman Ranges, which yielded a persistent
youngest zircon-fission track population at
37 Ma (Allen et al. 2008), roughly coeval to
the unconformity at the top of the Yaw Formation and the complete in-filling of the estuary.
A major shift from westward-oriented drainage into the proto–Bengal Bay to southwardoriented drainage systems parallel to the subduction margin would have occurred after the
complete emergence of the accretionary prism
and the in-filling of the Chindwin basin estuary
around ca. 37 Ma.
5.3. Comparison with the Minbu Basin
and Implications for the Onset of
Pull‑Apart Subsidence
There is a lack of sedimentological data
regarding the Yaw Formation in the Minbu
Basin, but the little we know contrasts with
our observations in the Chindwin Basin. In
the Minbu Basin, the Yaw Formation consists of gray shales with occasional limestone
beds rich in shallow-marine trace fossils and
fossil mollusks (Bender, 1983; Licht et al.,
2013). Lignites and organic-rich black mudstones are absent. Additionally, the Minbu
Basin lacks a depositional hiatus in the upper
Eocene, and instead records continuous sedimentation into the lower Oligocene Padaung
Formation (Nagappa, 1959). The Minbu Basin Yaw Formation is also much thinner (only
~700 m thick at the western edge of the basin;
United Nations, 1978). This indicates much
lower accumulation rates (<200 m/m.y.) in the
late Eocene and similarly slow rates of basin
subsidence to keep the bathymetry close to

shallow-marine conditions. Similar shallowmarine environments, accumulation rates
and associated subsidence continued through
the late Oligocene, with the deposition of the
Shwezetaw, Padaung, and Okhmintaung Formations (United Nations, 1978).
During the late Paleogene, the Chindwin
and Minbu Basins thus appear to have followed a significantly different subsidence history. Whereas subsidence was continuous in
the Minbu Basin and bathymetry kept pace
with moderate accumulation rates, subsidence
was extremely high around 39–38 Ma in the
Chindwin Basin and significantly slowed down
at 37 Ma, leading to a stop of accumulation
for most of the late Eocene and early Oligocene—resulting in the observed unconformity
between the Yaw and Letkat Formations. These
results indicate that by 39 Ma, the forearc was
already partitioned into individual sub-basins
with different histories. The high subsidence
rates in the Chindwin Basin are in agreement
with strike-slip deformation and pull-apart subsidence as the main mechanisms for forearc
basin partitioning, as proposed by Rangin
et al., (1999). The ~22°N latitude topographic
high, that today geomorphologically separates
the two basins might have already been partly
emerged or at least might have subsided more
slowly, partly closing the Chindwin estuary to
the south. Precise age constraints for the other
Cenozoic units of the forearc basin—for a detailed backstripping analysis—and basin-wide
seismic lines are as of yet still lacking, preventing us from unequivocally confirming pullapart subsidence as the main mechanism here;
however, our interpretations suggest that the
onset of basin pull-apart formation and strikeslip deformation of the basin margin dates back
to at least 39 Ma, if not older.
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5.4. Provenance of the Paleogene Forearc
Sediment and Implications for the
Exhumation of the Metamorphic Belts
Our grain-counts and U-Pb ages distributions
from Paleocene to middle Eocene sandstones
indicate a provenance from Late Cretaceous–
Paleogene rocks, likely the Wuntho-Popa magmatic arc located ~100 km to the east, which
was active during the same period and displays
the same age peaks (Mitchell et al. 2012; Wang
et al., 2014; Gardiner et al., 2015, 2017; Zhang
et al., 2017b). Robinson et al. (2014) proposed a
provenance from the Gangdese Arc in Tibet via
a paleo-connection between Tibet and the Central Myanmar Basins using εHf fingerprinting of
detrital zircons, but Zhang et al. (2017b) showed
that zircons from the Wuntho-Popa Arc hold the
exact εHf fingerprint as Gangdese batholiths.
Additionally, a proximal source is corroborated
in the Minbu Basin by Nd and Sr isotopic values, grain-counts and paleocurrents that all indi
cate a nearby volcanic source located east of the
forearc (Licht et al., 2013). Interestingly, the
relatively high amount of quartz in samples from
both Chindwin and Minbu basins suggests that
part of the arc plutonic root might have already
been exhumed in the late middle Eocene, corroborating a possible early uplift of the volcanic
arc (Zhang et al., 2017b). Paleocene to middle
Eocene samples from the Chindwin Basin contain slightly more volcanic lithic grains compared to coeval samples from the Minbu Basin
(Fig. 8), indicating small lateral changes in the
lithology of the exposed rocks along the Burmese subduction margin. The higher amount of
sedimentary lithics in the Minbu Basin could reflect the recycling of older sedimentary rocks upstream, or ephemeral connections to the backarc
basin and areas farther east, as one sample from
the Tilin Formation seems to suggest (Fig. 9).
Sandstones from the Yaw Formation are
marked by an increase of petrographic maturity
and a significant amount of older (>150 Ma)
zircons, which are almost absent in older sandstones. This trend is even more pronounced in
sandstones of the Letkat Formation and indicates
an increased contribution from older, quartz-rich
basement rocks. In central Myanmar, basement
rocks crop out in only a few areas: (1) to the east
of the backarc basins along the Mogok, Slate, and
Gaolingong metamorphic belts, where Paleozoic
plutons and older metamorphics are prevalent;
(2) occasionally farther east on the Shan Plateau,
where Paleozoic and upper Mesozoic clastics
crop out; and (3) to the west of the forearc in the
metamorphosed core of the inner wedge of the
accretionary prism, where small pockets of Triassic metamorphics crop out (Fig. 2; Licht et al.,
2016). Our paleocurrent measurements in the

Yaw Formation rule out the accretionary prism
as a potential source; rather, our results indi
cate an increased contribution from the meta
morphic belts and the Shan Plateau to the east.
The absence of carbonate clasts—the dominant
lithology on the Shan Plateau—suggests that the
metamorphic belts are the primary contributor.
Similar age distributions are found in lower
Oligocene samples from the Minbu Basin
(Fig. 10; Robinson et al., 2014), suggesting
a similar provenance. Following the onset of
southward drainage systems ca. 37 Ma, a portion of the lower Oligocene material reaching
the Minbu Basin might have transited via the
Chindwin Basin. We unfortunately do not have
any U-Pb data from the Yaw Formation in the
Minbu Basin to test if the shift to a more mature source is older or coeval to the provenance
change at ca. 39–38 Ma observed in the Chindwin Basin. However, Nd isotopes, Sr isotopes,
and grain-counts on sandstones in the Minbu
Basin corroborate an increased contribution of
the metamorphic belts in the sedimentary supply
starting in the late Eocene (Licht et al., 2016).
There are unfortunately few geochronological and petrographic data from the backarc basin
to compare our results with. Two upper Eocene
samples from the backarc basin contain only
Cretaceous-Eocene zircons (Robinson et al.,
2014), unlike what we see in Yaw and Letkat
Formation sandstones. Although any interpretation based on only two, low n (<60) samples
is premature, we suspect that these samples
might reflect local tributaries flowing down the
Wuntho-Popa volcanic arc that do not reflect any
contribution from the metamorphic belts that
would have supplied older (>150 Ma) grains.
Our results thus show that by 39–38 Ma the
Chindwin Basin had started receiving a regular
supply of sediment from the metamorphic belts
to the east. Interestingly, this age is roughly coeval with the 37.4 ± 1.3 Ma (2σ) onset of gneiss
formation and proposed onset for high-grade
metamorphism (Searle et al., 2007), as well
as the 36.2 ± 1.6 Ma (2σ) age for the oldest
40
K‑40Ar exhumation age along the metamorphic belts (Bertrand et al., 2001), showing the
existence of a paleo–“Shan Scarp fault” system in the backarc areas predating the modern
Sagaing Fault system. Our results thus confirm
that the onset of high-grade metamorphism during the late middle Eocene is associated with an
early exhumation episode of the metamorphic
belts, which started providing sediment to the
forearc basin. Ephemeral exhumation events
might have started earlier in the middle Eocene,
as suggested by one sample from the middle
Eocene Tilin Formation (Fig. 9) and two middle Eocene overgrowth ages in zircons of the
Mogok Metamorphic Belt (Barley et al., 2003).

5.5. Evolution of the Burmese
Subduction Margin during the Paleogene
and Mechanisms of Uplift for the
Indo‑Burman Ranges
We propose a three-step scenario for the evolution of the Burmese margin during the Paleogene (Figs. 12 and 13).
(1) From the Paleocene to the middle Eocene,
the Burmese subduction margin displays the
regular morphology of Andean-type margins,
with a nascent, underwater accretionary prism,
and a forearc basin open to the trench occupied
by westward-prograding deltaic systems fed by
the denudation of the volcanic arc (Figs. 12A
and 13A).
(2) In the late Bartonian–earliest Priabonian,
around 39–38 Ma, the accretionary prism starts
to emerge (Figs. 12B and 13B). The forearc basin is partitioned into two basins with varying
subsidence rates likely due to pull-apart subsidence; the Minbu Basin in the south remains
open to the proto–Bengal Bay to the west and
the south, while in the north, quasi-closed estuarine conditions develop in the Chindwin Basin.
Simultaneously, the metamorphic belts located
to the east are progressively exhumed and start
to feed the forearc.
(3) By 37 Ma, the Paleogene accretionary
prism, that today forms the inner wedge of
Indo-Burman Ranges, is completely emerged.
The Chindwin Basin is temporarily overfilled
and drainages in central Myanmar become
southward directed (Fig. 12C). The modern
geomorphology of central Myanmar is set up,
with the central Myanmar low plains enclosed
on the west and the east by topographic highs
(Fig. 13C).
The 39–38 Ma window thus appears to be a
period of significant change for the subduction
margin, with the emergence of the inner wedge
of the Indo-Burman Ranges, the first evidence
of exhumation of the metamorphic belts, and the
first indication of pull-apart partitioning of the
forearc basin. Exhumation of the metamorphic
belts could have sporadically started earlier in
the middle Eocene, as discussed earlier, but the
metamorphic belts became a prominent, continuous sediment supplier starting at 39–38 Ma.
Similarly, pull-apart subsidence of the basin
might have started earlier, but the forearc appears to be significantly partitioned during this
time window.
Earlier onset of uplift and exhumation of the
accretionary prism is also probable, as proposed
by previous authors (as early as the Cretaceous;
Socquet et al., 2002; Zhang et al., 2017a). However, the inner wedge lacks shallow-marine
deposits and is dominated by marine turbidite
sequences (Bender, 1983), indicating that depo-
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Figure 12. Evolution of the Burmese subduction margin and forearc basin from the Paleocene-middle Eocene (A), the late middle Eocene
(B), and the upper Eocene–Oligocene (C). 1, 2, and 3 indicate the location of the Shwebo, Minbu, and Chindwin Basins respectively (same
as on Fig. 2). AT—Arakan Trench; AP—accretionary prism; FB—forearc basin; WPA—Wuntho-Popa Arc; BB—backarc basin; MB—
metamorphic belts.
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sitional environments shifted very quickly from
deep-sea deposition in the trench to sub-aerial
deposition. It is thus likely that most of the uplift
started only slightly before 39–38 Ma.
Contacts between sedimentary units exposed
in the inner wedge provide a few more details
about what happened after this early uplift of the
accretionary prism. On the eastern side of the inner wedge of the accretionary prism, Eocene
marine rocks are unconformably overlain by a
conglomeratic molasse, the Maw Gravels, which
yield late middle Miocene fossil mammals
(Bender, 1983). In places, a 10-m-thick, ferralitic
paleosol profile with a 0.5–1-m-thick petroplinthic horizon made of continuous, thick iron crust
developed in the Eocene rocks at the contact
between both units (Fig. DR3 [see footnote 1];
Licht, 2013). The thickness of the lateritic profile
and the presence of a petroplinthic horizon indicate that the development of the paleosol likely
took a significant amount of time—up to several
million years (Valeton, 1994). This finding indicates that there was a long period of tectonic
quiescence between the initial uplift of the inner
wedge during the late Eocene and the deposition
of the late middle Miocene Molasse. The deposition of the Maw Gravels was likely related to
the onset of the recent, Mio-Pliocene uplift of
the Indo-Burman Ranges that exposed the outer
wedge of the accretionary prism (Maurin and
Rangin, 2009). The uplift of the Indo-Burman
Ranges thus appears to have occurred in at least
two steps: first, during the late Eocene when
the inner wedge was exposed, and second, during the late Miocene–Pliocene when the outer
wedge was formed.
Various mechanisms are proposed to explain
the late Miocene-Pliocene uplift of the IndoBurman Ranges, including the subduction of
the large amount of Neogene sediments that
fill up the Bengal Basin and the Sylhet Basin
(Maurin and Rangin, 2009), and increased E-W
shortening of the Burmese platelet due to the arrival of mid-crustal flow from the east following
the late Miocene collapse of the Tibetan Plateau
(Rangin et al., 2013). However, these mechanisms are only valid for the Neogene and cannot explain the late middle Eocene uplift of the
inner wedge.
A temporary shift to flat slab subduction
could explain the uplift of the accretionary
prism, but would not explain the extremely
high subsidence rates in the foreland basin or
the high-grade metamorphism throughout the
backarc areas (Finzel et al., 2011). The accretion of a small allochthonous terrane or volcanic
arc, as proposed by others (i.e., Acharyya, 2007,
2015), could partly explain the uplift, but would
also fail to explain the coeval shift to intense
strike-slip deformation and subsidence in the

forearc; there is also no clear evidence for such
allochthonous blocks in the accretionary prism.
A change of plate kinematics driving increased
E-W convergence and upper plate shortening
could also explain the shift to a more compressive regime and the resulting uplift of the accretionary prism; however, in the Paleogene,
the convergence of the Indian plate relative to
Southeast Asia trended to lower velocities and
increased obliquity, which would not favor
this hypothesis (Lee and Lawver, 1995; Cande
et al., 2010; van Hinsbergen et al., 2011b). Still
others have proposed a collision of a northeast
moving Indian plate with the Burmese margin
slightly before 39–38 Ma followed by a change
of convergence direction from NE to N (Morley,
2002; Aitchison et al., 2007; Vérard et al., 2017).
The collision could have anchored the Burmese
platelet to India and dragged it northward as the
direction of convergence changed, providing
an explanation for an episode of shortening in
the accretionary prism followed by strike-slip
deformation of the upper plate. However, it is
remarkable that such a collision between a cold,
thick continental plate and the weak, hot Burmese margin (Morley, 2009) did not result in
more surface deformation and uplift; moreover,
strike-slip deformation (and related pull-apart
subsidence) seems coeval rather than posterior
to accretionary wedge uplift.
Today, the obliquity ratio (ratio of the strikeslip velocity divided by the sum of strike-slip
and normal velocity) of the convergence along
the Burmese subduction margin is ~0.65 and so
can be called “hyper-oblique” (Nielsen et al.,
2004). The core of the inner wedge of the IndoBurman Ranges displays a positive flower structure and is traversed by the Kabaw strike-slip
Fault which accommodates 1/4–1/3 of the N-S
strike slip deformation of the Burma Terrane
(Nielsen et al., 2004; Socquet et al., 2006; Maurin and Rangin, 2009). In this sense, the inner
wedge of the Indo-Burman Ranges is very similar to retro-wedges formed along hyper-oblique
convergence zones where the obliquity ratio r
is > 0.5 (Burbidge and Braun, 1998; McClay
et al., 2004). The Eocene uplift of the inner
(retro-) wedge of the Indo-Burman Ranges can
be explained in light of the known evolution of
accretionary prisms formed by hyper-oblique
convergence. Such systems go through a period
of fast retro-wedge building and uplift via the
transition from localized strain partitioning in
the accretionary wedge to full strain partitioning, and all strike slip motion is eventually accommodated by one or several individual fault
systems (McClay et al., 2004; Leever et al.,
2011). Evidence of coeval pull-apart subsidence
and partitioning in the forearc and of the onset
of high-grade metamorphism associated with

exhumation of the metamorphic belts corroborates intense shear and strike-slip faulting on
the Burma platelet during that time. Thus, we
interpret the late middle Eocene uplift of the
Indo-Burman Ranges as reflecting localized
strain partitioning and wedge build-up prefiguring the onset of a paleo-Kabaw Fault system
(“oblique wedge stage” of Leever et al., 2011).
The onset of full strain partitioning and of the
paleo-Kabaw Fault system would have been
coeval or have shortly followed the late middle
Eocene, eventually slowing the uplift of the
accretionary wedge.
5.6. Implications for the History
of India Asia Convergence
Our interpretations imply that the convergence of the Indian plate along the Burmese
margin has been hyper-oblique since at least
the late Bartonian, ca. 39–38 Ma, and that it
resulted in the coeval uplift of the inner wedge
of the accretionary prism, pull-apart subsidence
and partitioning of the forearc basins, and highgrade metamorphism and exhumation along the
metamorphic belts (Fig. 13). While the modern
Burmese sliver fault system is commonly dated
to the middle Miocene and the opening of the
Andaman Sea (Khan and Chakraborty 2005;
Socquet et al., 2006), our results suggest that a
similar paleo-sliver system, with a paleo-Kabaw
Fault in the accretionary prism and a paleo–Shan
Scarp Fault in the metamorphic belts, was already set up by the late middle Eocene or shortly
thereafter (Fig. 13B). These observations corroborate evidence for ca. Eocene to ca. Miocene
syn-kinematic deposition in the backarc basin,
indicating that a proto–“Shan Scarp” Fault was
already active (Morley, 2017). Strike-slip deformation of the Burmese margin could have started
even earlier, sometime in the middle Eocene, but
would have been less substantial.
Our results thus suggest that the northward
drag of the Burmese platelet pre-dates the opening of the Andaman Sea and the set-up of the
modern sliver system in the middle Miocene by
at least 20 million years. Central Myanmar has
thus likely moved northward by much more than
400–500 km, which is the lower-end estimate of
northward motion achieved by simply closing
the Andaman Sea rift system (Maung, 1987).
We suspect that the actual motion of Central
Myanmar over this time period to be closer to
Mitchell’s (1993) upper estimate of ~1100 km,
with 600–700 km of the motion occurring between the late middle Eocene and the middle
Miocene; this movement was accommodated to
the opening of the Eocene-Miocene Mergui and
North Sumatra Basins south the Andaman Rift
(Hall and Morley, 2004).
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There is no clear evidence for shortening and
surface uplift in central Myanmar before the
late middle Eocene. Leading up to the shift in
sedimentation regime 39–38 Ma, accumulation in the forearc basin was continuous and
dominated by the denudation of the volcanic arc
from the Paleocene to the late middle Eocene,
as is seen in standard Andean-type margins, and
thus rules out a collision with India. A collision
of the Indian Plate with the Burmese margin
sometime during the early to middle Eocene,
as is proposed by most of the kinematic models
dominated by extrusion processes (Tapponnier
et al., 1982; Replumaz and Tapponnier, 2003;
Replumaz et al., 2010; Cogné et al., 2013), and
more exotic scenarios (Aitchison et al., 2007;
Vérard et al., 2017), seems thus unlikely. If such
a collision had occurred, it would have been located in northernmost Myanmar, in the Eastern
Himalayan Syntaxis—where forearc strata have
not been preserved (Fig. 2), leaving most of the
Burmese margin undeformed.
Our reconstruction of the history of the Burmese subduction margin validates geodynamic
models that locate Myanmar east of the collision
zone as early as the Paleocene, with Indochina
already forming a narrow peninsula at the southeastward extremity of East Asia. This narrow
peninsula must have had a similar-to-today N-S
orientation since at least the late middle Eocene
to explain hyper-oblique convergence along the
Burmese margin. In this sense, our results are
in agreement with models dominated by homogeneous thickening and continuous deformation of weaker Asian lithosphere that propose
a conservative, similar-to-today pre-collisional
paleogeography for SE Asia and argue that
most of Myanmar and the Burma Terrane was
not particularly shortened or thickened by the
collision with India (Fig. 1C; e.g., England and
Houseman, 1986; Molnar et al., 1993; Hallet
and Molnar, 2001; Shen et al., 2001; van Hinsbergen et al., 2011a, 2012; Hall, 2012; Seton
et al., 2012). However, our results do not completely exclude extrusion and rotation processes
as active post-collisional processes in SE Asia;
the shift to hyper-oblique convergence along the
Burmese margin could be explained by an undetermined amount of post-collisional rotation of
peninsular Indochina. Our reconstructions show
that this rotation must have been achieved by
39–38 Ma to explain the onset of hyper-oblique
convergence along the Burmese margin. The
idealized extrusion-dominated reconstructions
of van Hinsbergen et al. (2011a), adapted from
Replumaz and Tapponnier (2003) and Royden
et al. (2008) are the closest analogues to this
scenario. Paleomagnetic estimates of post-collisional clockwise rotation in peninsular Indochina yield results of variable magnitude, with
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estimates of 20–30° for the whole of Indochina
(Richter and Fuller, 1996; Charusiri et al., 2006;
Li et al., 2017), and as much as >70° in some
places (Sato et al., 2001; Tong et al., 2016). Yet,
the lack of detailed geological data in peninsular
Indochina (i.e., ages and origins of volcanism
and metamorphism along shear zones) often
precludes a robust age interpretation for this rotation, as evidenced by the recent synthesis of
Li et al. (2017), and ultimately hinders a clear
evaluation of the accuracy of this scenario.
We also see three additional mechanisms to
possibly explain the shift to hyper-oblique convergence in the late middle Eocene, which are
more controversial.
(1) A potential collision between the eastern
tip of India and northernmost Myanmar shortly
before 39 Ma could have anchored the Burmese
margin to the Indian plate’s northwards motion.
However, this timing is at odds with many other
studies along the India-Asia Suture that indicate
a collision started ca. 55 Ma (see reviews in
Najman, 2006; Najman et al., 2010).
(2) A late, and poorly dated small rotation
(~15° counterclockwise) of Indian convergence
in the middle Eocene (Lee and Lawver, 1995;
Cande et al., 2010) could have triggered the shift
to strike-slip deformation. This late rotation
would have slightly increased the convergence
obliquity along the margin, but it seems too
small to have alone triggered strain partitioning
on the Burmese margin.
(3) A change in the properties of the subducting material may have favored the shift to strain
partitioning on the Burmese margin. By the late
Eocene, most of the old, Jurassic Tethyan oceanic crust had been subducted below the Asian
subduction margin. The late Eocene would correspond roughly to the time when Cenozoic
oceanic crust from the Indian Ocean reached the
Burmese margin (Seton et al., 2012; Hall, 2012).
This younger, less dense oceanic lithosphere
could have acted as a giant sheet anchor increasing both the northward drag of the subduction
margin and the shear on the Burmese plate.
Cretaceous–Paleogene paleomagnetic data
from the Burmese platelet could potentially help
us validate or reject these scenarios by reconstructing the amount and timing of paleo-rotation of the subduction margin; however, paleo
magnetic data from central Myanmar are so far
virtually nonexistent.
6. CONCLUSIONS
Our results show that the modern tectonic
configuration of central Myanmar, today a sliver
plate bounded to the west by the Indo-Burman
Ranges and the Kabaw Fault, and to the east by
the Burmese metamorphic belts and the Sagaing

Fault, was actually first formed during a short
time window in the late middle Eocene.
From the Paleocene to the middle Eocene, the
Burmese margin displayed the regular morphology of an Andean-type margin, with a forearc
basin developed on a nascent accretionary prism
open to the trench, where westward-prograding
deltaic systems were fed by the denudation of
the Wuntho-Popa volcanic arc. In the late m
 iddle
Eocene, around 39–38 Ma, the accretionary
prism started emerging. Pull-apart subsidence
partitioned the forearc basin into two basins—
the Chindwin Basin to the north and the Minbu
Basin to the south. Quasi-closed estuarine conditions developed in the Chindwin Basin, whereas
the Minbu Basin remained more open to the
ocean. Simultaneously, increased shear stress
in the backarc area led to metamorphism and
exhumation of the Burma terrane basement.
By 37 Ma, the Paleogene accretionary prism,
forming today the inner wedge of Indo-Burman
Ranges, had completely emerged. The main
drainages in central Myanmar became southward directed, and the modern central Myanmar
low plains were formed.
This tectonic evolution can be explained in
light of the known evolution of accretionary
prisms formed by hyper-oblique convergence.
Coeval pull-apart subsidence and partitioning in
the forearc, and onset of high-grade metamorphism associated with exhumation in the metamorphic belts indicate both intense shear and
strike-slip faulting on the Burma platelet during
that time, and high obliquity of the convergence
at the Burmese margin. We interpret the synchronous uplift of the Indo-Burman Ranges as
reflecting accretionary wedge build-up marking the onset of a paleo–Kabaw Fault system.
These interpretations imply that a similar-totoday sliver system, with a paleo–Kabaw Fault
in the accretionary prism and a paleo–Sagaing
shear zone (the paleo–Shan Scarp Fault) creating high-grade metamorphism in the metamorphic belts to the east, was already set up by the
late middle Eocene. This evolution indicates
that the Burmese sliver platelet is at least twice
older than previously thought and that it has experienced a significant (>500 km), but yet to be
determined, amount of northward motion. Finally, our results do not support any India-Asia
convergence scenario involving a Paleogene
collision of India with the Burmese subduction
margin. Our reconstruction for the evolution of
the Burmese margin is more in agreement with
conservative geodynamic models for the IndiaAsia convergence arguing for a close-to-modern
pre-collisional paleogeometry for the Indochina
Peninsula, and indicates that any post-collisional rotation of Indochina, if it existed, must
have been achieved by 39 Ma.
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