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ARTICLE INFO ABSTRACT

Handling Editor: Yunpeng Dong Sedimentary provenance studies indicate a Paleocene age for the India-Asia collision, based on the arrival of
allochthonous sediment onto the Indian shelf. To account for this age, geodynamic models propose either an
extra-large pre-collisional India or an initial collision between India and a Trans-Tethyan Arc situated offshore of
Asia. The Burma Terrane is one of the proposed remnants of this arc. However, the existence of this arc has not
been thoroughly investigated in regional sedimentary records. We gathered a large dataset (n > 40,000) of
detrital zircon ages, including new and previously published data from eastern India, the Burma Terrane, and the
Asian margin to identify age populations that could indicate the presence of this arc. Our synthesis suggests that
the arrival of allochthonous material onto India is best explained by input from the Asian forearc (specifically,
the Xigaze Forearc) alone, without requiring input from an additional missing arc. These constraints are
compatible with Trans-Tethyan models only if they incorporate the Xigaze Forearc into the Trans-Tethyan Arc.
Additionally, we show that the Burmese sedimentary record necessitates a missing Cretaceous-Paleogene arc
located between Myanmar and Asia. Including the Burma Terrane and its missing arc in the Trans-Tethyan Arc is
consistent with provenance and paleomagnetic data but implies a complex assembly history for the arc. Ulti-
mately, a Trans-Tethyan Arc is not required to explain the history of the Burma Terrane and its detrital zircon
record. Kinematic models involving an extra-large India and a Burma Terrane located offshore of Asia during the
Paleogene are also compatible with these constraints.
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1. Introduction

The modern structure and topography of the Tibetan-Himalayan
orogen have been significantly shaped by the India-Asia collision,
making the orogen a natural laboratory for studying con-
tinent-continent collisional systems (DeCelles et al., 1998; Kapp and
DeCelles, 2019). However, the paleogeography of the India-Asia colli-
sion remains a debated issue. Sedimentary provenance studies, tracking
the first input of allochthonous, Asia-derived sediment onto the Indian
passive margin, provide a minimum Paleocene (ca. 61-59 Ma) age for
the collision (Wu et al., 2014; Hu et al., 2015). Paleomagnetic con-
straints place the Indian continent at near-equatorial latitude at that
time, thousands of kilometers away from the Asian margin (van Hins-
bergen et al., 2011). To resolve this discrepancy, two widely different
families of geodynamic models have been proposed.

The first family of geodynamic models proposes the existence of an
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extra-large Greater India, with over 2000 km of its northern tip having
disappeared through subduction following the collision. This family
exists in two versions: (a) a Greater India composed of continental crust
(Ingalls et al., 2016), which requires continental subduction and sig-
nificant shortening of the Asian margin to accommodate post-collisional
convergence (Fig. 1a); (b) a large oceanic basin existing between mod-
ern continental India and the Himalayas (Fig. 1b). In this scenario, after
the initial collision between the Himalayas and Asia in the Paleocene,
this oceanic basin would have been subducted and closed until a sub-
sequent, second collision between continental India and the Himalayas-
Asia assemblage (van Hinsbergen et al., 2012).

The second family of geodynamic models proposes the existence of a
Trans-Tethyan island arc that collided with the Indian continent in the
Paleocene, and then, together, collided with Asia later in the Paleogene
(Fig. 1c). Several terranes and magmatic arcs found around the India-
Asia suture zone (the Indus-Tsangpo Suture Zone) have been
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attributed to this Trans-Tethyan Arc: the Kohistan Arc in western Tibet
(Jagoutz et al., 2015, 2019), the Burma Terrane southeast of the Eastern
Himalayan Syntaxis (Westerweel et al., 2019), and isolated volcanic
rocks along the suture (Spong and Dras arcs; e.g., Andjic et al., 2022).
The forearc basin of the Lhasa Terrane in south-central Tibet, known as
the Xigaze Forearc, has also been proposed to be part of the Trans-
Tethyan Arc, as a fragment separated by back-arc rifting from the
Asian margin (Xigaze Arc; Kapp and DeCelles, 2019; Xu et al., 2025).
Multiple origin stories for the Trans-Tethyan Arc are currently debated,
including a late Jurassic to mid-Cretaceous intra-oceanic origin (Jagoutz
etal., 2019; Westerweel et al., 2024) or a back-arc rifting origin starting
during the Jurassic (Zahirovic et al., 2016) or the late Cretaceous (Kapp
and DeCelles, 2019).

Recent paleomagnetic data from the Burma Terrane of Myanmar
(Westerweel et al., 2019) indicate that Burma Terrane rocks were
located away from the Asian margin before the collision, during the mid-
Cretaceous (ca. 100 Ma). These data support the Trans-Tethyan model
and suggest a late Jurassic or early Cretaceous origin for the arc (Fig. 1c).
This model posits that the initial Paleocene input of allochthonous ma-
terial on the Indian passive margin reflects a collision with the Trans-
Tethyan Arc rather than with the Asian margin.

In contrast, the recent kinematic model by Advokaat and van Hins-
bergen (2024) reconciles the paleo-position of Myanmar with the extra-
large Greater India model by suggesting that Myanmar was an isolated
terrane offshore Sumatra before the collision, as a remnant of an earlier
and wider Argoland archipelago (Fig. 1a & b). This model proposes that
the Paleocene input of allochthonous material on the Indian passive
margin reflects a collision of India with the Lhasa Terrane of the Asian
margin, with a later Eocene collision between mainland India and
Myanmar. The first input of Burma Terrane-derived rocks onto the In-
dian shelf is suggested to have occurred during the middle Eocene (Ding
et al., 2022). However, the timing of this later collision has not been
extensively addressed by source-to-sink approaches.

Sedimentary provenance studies using U-Pb ages of detrital zircons
have played a critical role in identifying and dating the first input of
allochthonous material on the Indian passive margin and subsequent
regional changes in drainage related to the growth of the Tibetan-
Himalayan orogen (Wu et al., 2014; Lang and Huntington, 2014; Brac-
ciali et al.,, 2015; Hu et al., 2015). Asian terranes have experienced
continuous magmatic activity since the Jurassic, which is absent on the
Indian continent. Consequently, young (post-Triassic) zircon
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populations are attributed to Asian volcanic arcs and are used to identify
Asia-derived sedimentary rocks (Hu et al., 2015; Baral et al., 2019; Ding
et al., 2022).

However, distinguishing young zircons from the Asian subduction
margin and from a hypothetical Trans-Tethyan island arc remains
challenging, as both would have been active during the same time
window (Jagoutz et al., 2019; Licht et al., 2020). Distinguishing an In-
dian, Trans-Tethyan, or Asian provenance with older (pre-Jurassic)
zircon populations is also difficult because older zircons are often pre-
sent in limited proportions compared to the overwhelming amount of
younger, Cenozoic zircons. When present in large amounts, these older
zircons often display similar age populations due to their shared
Gondwanan origin and Protero-Paleozoic magmatic history (Gehrels
et al.,, 2011). These challenges hinder the identification of zircon pop-
ulations in sedimentary records that could be used to test the different
geodynamic scenarios.

However, the proportion of each age population often varies among
individual terranes (Gehrels et al., 2011; Licht et al., 2016a). These
variations depend on the local tectono-magmatic history (e.g., varying
intensity of magmatic flare-ups) and on the local history of sediment
mixing and recycling (e.g., varying supply of sediment from distant
areas that is later incorporated into local sediment through recycling;
Licht et al., 2024). Identifying these regional variations and using them
to track changes in provenance requires a significant amount of zircon
ages per sample/per area (n > 500-800, depending on the number of
individual age populations; Pullen et al., 2014).

In this paper, we provide new zircon U-Pb ages from Cretaceous and
Cenozoic rocks of Myanmar, one of the proposed remnants of the hy-
pothetical Trans-Tethyan Arc. We then utilize the statistical advantages
of “large n” single mineral geochronology to test the geodynamic sce-
narios proposed for the India-Asia collision. We compile an extensive
dataset (n > 40,000) of detrital zircons from Cretaceous and Cenozoic
sedimentary rocks spanning the eastern edge of the India-Asia collision
zone, where Indian, Burmese (Trans-Tethyan?), and Asian basins have
been accreted. We leverage this dataset and employ statistical mixture
modeling methods to identify the sedimentary contributions of indi-
vidual terranes to these different basins and test their consistency with
the various India-Asia collision models.
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Fig. 1. Plate reconstruction at ca. 60 Ma highlighting the two families of geodynamic models for the India-Asia Collision with their variations (plate models after
Westerweel et al., 2019; Advokaat and van Hinsbergen, 2024). (a) single collision with an extra-large (XL) Greater India made of continental crust (Ingalls et al.,
2016); (b) single collision with an extra-large Greater India made of an oceanic basin separating the Himalayas from mainland India (van Hinsbergen et al., 2012); (c)
dual collision including a first collision a Trans-Tethyan Arc including either the Burma Terrane (Westerweel et al., 2019) and/or the Kohistan Arc (Jagoutz et al.,
2019) and/or the Xigaze Forearc (Kapp and DeCelles, 2019). BT: Burma Terrane; LT: Lhasa Terrane. Red lines indicate the main plate boundaries (subduction,
transform zones and spreading ridges). The main geological provinces addressed in this study are highlighted with different colors: Asia (in green), Continental India
(brown), the Himalayas (orange), the Burma Terrane (purple) and the Indo-Burman Ranges (dark yellow).
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2. Geological context

This section describes the sedimentary basins investigated in light of
their detrital zircon signatures, with a particular emphasis on Myanmar,
where we present new detrital zircon data.

2.1. The Central Myanmar Basins (CMB) of the Burma Terrane

Western Myanmar is part of an individual terrane often referred to as
the Burma Terrane. It is almost entirely covered by the Central Myanmar
Basins (CMB), a north-south belt of Late Cretaceous to Cenozoic sedi-
mentary basins separated into two lateral troughs of sub-basins by the
Wuntho-Popa Magmatic Arc (WPA, Fig. 2a; Licht et al., 2020). The
basement of the Burma Terrane includes the magmatic rocks of the
WPA, as well as Paleozoic and Mesozoic metamorphic rocks that crop
out in northern Myanmar (Jade Belt, Minwun Ranges, Tagaung-
Myitkyina Belt, and Kumon Range; see Mitchell, 2017 for a detailed
review). The Katha-Gangaw Range in northeastern Myanmar is
composed of Triassic to Jurassic metasedimentary rocks and Jurassic to
Cretaceous mafic plutons and has recently been proposed as the south-
ern continuation of the Lhasa Terrane of Asia, based on the affinity of its
detrital zircons (Min et al., 2022). The extent to which the northern part
of the Burma Terrane (i.e., Greater Burma Terrane; Fig. 1c) was short-
ened, subducted, and underthrust in the Eastern Himalayan Syntaxis
since the Paleogene remains unclear (Morley et al., 2020; Westerweel
et al., 2020).

Paleomagnetic data from WPA plutons and CMB sedimentary rocks
place the Burma Terrane near the equator in the early Cretaceous (ca.
100 Ma), distant from the Indian Plate to the south and the Asian margin
to the north (Westerweel et al., 2019). Various age estimates for the
collision between the Burma Terrane and Asia have been proposed based
on structural and kinematic constraints, ranging from the Eocene to the
Miocene (Westerweel et al., 2019; 2020; Morley et al., 2020; Advokaat
and van Hinsbergen, 2024). The eastern margin of the Burma Terrane
and its transition to the Sundaland part of Asia is marked by the meta-
morphic Mogok-Mandalay-Mergui Belt (MMMB, Fig. 2b). The MMMB
has been interpreted as the western margin of the Sibumasu Terrane of
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Sundaland and has been gradually exhumed since the late Eocene
(Mitchell, 2017).

The upper Cretaceous to Cenozoic stratigraphy of the CMB is dis-
played in Fig. 3a. The sequence begins with mid-Cretaceous shallow
marine carbonates, followed by Campanian-Maastrichtian mudstones
and carbonates. After an unconformity dated to the latest Cretaceous to
earliest Paleocene, the Paleocene-Eocene sequence includes various
geological units consisting of shallow marine siliciclastics with rare
continental episodes (Licht et al., 2019; Cai et al., 2020). Two major
unconformities are identified in the northern CMB, occurring in the late
Eocene and latest Oligocene to early Miocene (Westerweel et al., 2020).
Cenozoic rutile grains and zircons with negative ¢Hf values, attributed to
the MMMB, appear directly after the first unconformity in early Oligo-
cene units of the CMB and are interpreted as the first marker of the
collision between the Burma Terrane and Asia (Najman et al., 2022).
Earlier units yield prominent Cretaceous to Cenozoic zircon ages,
including three major peaks at 50, 70, and 95 Ma (Bandopadhyay et al.,
2022). The late Cretaceous and early Eocene populations (70 and 50 Ma)
are absent in Wuntho-Popa plutons, which have ages of 40 and 100 Ma
only (Licht et al., 2020). The provenance of these populations were
alternately attributed to a long-distance connection with poorly dated
plutons in northern Myanmar, the Gangdese Arc of the Asian margin in
Tibet (Robinson et al., 2014; Westerweel et al., 2020; 2024), or a missing
part of the WPA located further east of the Burma Terrane that dis-
appeared through subduction along the Asian margin in Sibumasu
(Bandopadhyay et al., 2022).

Oligo-Miocene deposits are continental in the northern CMB and
alternate between continental and shallow marine in the southern CMB
(McNeil et al., 2021). Miocene deposits display numerous local un-
conformities related to the onset of a regional compressive regime in
central Myanmar and local inversions of the CMB (Pivnik et al., 1998).
Detrital zircons from Oligo-Miocene samples have been alternately used
to argue for the establishment of modern river drainage in the early
(Zhang et al., 2019) or late Miocene (Jonell et al., 2022).

Sibumasu

Fig. 2. (a) Eastern edge of the India-Asia collision zone; red lines indicate Cenozoic volcanic arcs; dashed lines are administrative borders. Diamonds are detrital
zircons samples used in this study (white diamonds: previously published samples; blue diamonds: new samples). WPA: Wuntho-Popa Arc; KGR: Katha-Gangaw
Range; EHS: Eastern Himalayan Syntaxis; AB: Assam Basin; SP: Shillong Plateau; SB: Surma Basin; BB: Bengal Basin; NH: Naga Hills; CH: Chin Hills; AY: Arakan
Yoma; RC: Rakhine Coast; SW: Siang Window; SS: Sangdanlin Section; GS: Gyangze Section. (b) main terranes and structural units (terrane color coding similar to
Fig. 1). Samples (diamonds) are colored according to their geological region (see main text): Central Myanmar Basins (CMB, in dark purple), Burma Terrane
Accretionary Wedge (BTAW, in yellow), Bengal and Assam Basins (BAB, in light purple), central and eastern Himalayan Foreland Basin (HFB, in red —central HFB-
and pink —eastern HFB-), Tethyan Himalayan Series (THS, in orange), Xigaze Basin (in green). White diamonds correspond to basement rock samples (1: Katha-
Gangaw Range; 2: Naga Metamorphics; 3: Triassic-early Jurassic Pane Chaung Formation and Kanpetlet Schists; 4: Pre-Cretaceous continental India). LH: Lesser
Himalayas; GH: Greater Himalaya (boundaries highlighted with dashed lines); LGX: Langjiexue fold & Trust belt in the THS (area highlighted in light orange); IBR:

Indo-Burman Ranges; MMMB: Mogok-Mandalay-Mergui Belt.



A. Licht et al. Gondwana Research 147 (2025) 260-275
| (a) CMB | | (b) BTAW | | (c) BAB | | (d) HFB |
Chindwin Basin _)inbu Basin Naga Chin_Arakan / Rhakine Assam Bengal / Surma Central Eastern
T Il
0] PleljtoA . E 3 \\ Dupi Tila Fm Q New sample(s)
- Q Tipam Fm Previously published
= o w > o Q V]
| z O og -2 Leik;amsw () Bokabil 3 LI © sevis
s 5 & O -
= S S § 3 s ot = O Middle
— =) @ —=--—-1 £ J B =
10 — =MingIn S S O O
- % L ravels[Obogon Fm . g Q Bhut?:amn & { Lower
78 g in Frj Kyaukkok = @
== atma Fm Fm § £ Dumri F
] _ i umri Fm
o} Letkat Fm | Pyawbwe =2
] 3 Y Fm o O
20 9 \\\ m — > N
| N NN
= 5 Tonhe Fm |Okhmintaung .
-2 D& Fm{ Barail Fm ()
| § 12 | \ Padaung Fm{) Yechangyi
< Fm
30 g % Shwezettaw | (e) THS |
= = Fm & Sangdalin Gyangze
4 |g k YawFm |/ Sinbok Fm \\:
=
— Yaw Fm = \ \
_ 0 %‘E AN Ngapali Upper &
a0 " Pondaung Fm{) £0 Fm{ Disang Kopili Fm ?|?
123 Tabyin Fm QO - 0 Upper
48|= Tilin Fm s N\ | R — i
° [0 <) = Yinkiong ?
.| s Bhainskati Fmo
— = Sylhet Fm Fm
o |3 oge00 | L 3 Rl — N
— M N\ [ Jiachala
i S % Lower Lower & Fm{
i 8 7l Falam Fm ¢ Disang Yinkiong Zheya {f
Fm F
| g % O 5 md Fmd
— o Paunggyi =] TuraFm | | N R
60 § Fm %Y E Sangdanlin
1 = £ Amile Fm
Fm )
= 2 % \ Zhongzhuo
1 = NSNS NN NN ? \\ ___________ N Fm)
© 8
— (] [
70 = % Charchare D
p= [} Fm enggang | |
4 & Kabaw Fm{) E Falam Fm{) % , / Zhongzuo
= & T \ : Fm Chuangde
(Ma)l E e ‘,’ Fm
80 8 e ¢ Sibganj Trapwash ’x

Fig. 3. Stratigraphy of the main basins at the eastern edge of the India-Asia collision zone, including (a) Central Myanmar Basins (CMB, in dark purple; two main
basins are displayed: the Chindwin Basin of northern Myanmar, and the Minbu Basin of southern Myanmar; after Licht et al., 2019); (b) the Burma Terrane
Accretionary Wedge (BTAW, in yellow; three main areas are displayed: the Naga Hills of northern Myanmar, Chin Hills of central Myanmar, and Arakan Yoma /
Rhakine Coast of southern Myanmar; after Aitchison et al., 2019; Naing et al., 2014); (c) the Bengal and Assam Basins (BAB, in light purple; after Bracciali et al.,
2015; Ding et al., 2022); (d) the Himalayan Foreland Basin (HFB, separated in a central and eastern segments, in orange and pink; after DeCelles et al., 2004; Baral
et al., 2019), and (e) the Tethyan Himalayan Series (THS, in orange; two main areas are displayed: the Sangdanlin and the Gyangze sections; after DeCelles et al.,
2014; Wu et al., 2014). The stratigraphic position of the samples used in the study is indicated by diamonds (white: previously published samples; yellow: new
samples). Oblique lines indicate sedimentary gaps (and thus, unconformities). The time slice division of the age compilations from Figs. 4, 5 and 6 is highlighted with

grey shades.

2.2. The Burma Terrane Accretionary wedge (BTAW) in the Indo-
Burman Ranges

On its western margin, the Burma Terrane is separated from the Bay
of Bengal and the Indian shelf by the Indo-Burman Ranges (IBR), which
form the Burma Terrane Accretionary Wedge (BTAW) produced by the
subduction of the Indian Plate beneath the Burmese active margin
(Morley et al., 2020). The inner wedge of the IBR comprises Early
Cretaceous ophiolites, the Paleozoic Naga Metamorphics, and Triassic-
Early Jurassic metasedimentary rocks (Pane Chang Formation and
Kanpetlet Schists; Naing et al., 2023). The Early Cretaceous ophiolites
have been correlated with the Indus-Tsangpo Suture Zone ophiolites
based on their age and geochemistry, while the metasedimentary units
have been correlated with the Langjiexue Group of the Tethyan Hima-
layan Series (see section 2.5; Yao et al., 2017; Aitchison et al., 2019).

263

These units have been part of the Burma Terrane basement since at least
the Early Cretaceous, as the Pane Chaung Formation is overlain by the
same mid-Cretaceous shallow marine carbonates found in the CMB
(Morley et al., 2020). The Pane Chaung Formation and other pre-
Cretaceous metasedimentary units in the IBR have been interpreted as
once part of Argoland, a wide archipelago separated from Gondwana,
and later accreted to the BTAW (Morley et al., 2020; Advokaat and Van
Hinsbergen, 2024). Late Cretaceous to Cenozoic siliciclastic deposits
overlie the mid-Cretaceous carbonates; their stratigraphy is summarized
in Fig. 3b.

In the central (Chin Hills) and southern (Arakan Yoma and Rakhine
Coast) segments of the IBR, Late Cretaceous to Eocene deposits are
grouped under the Falam Formation, which possibly encompasses an
unconformity near the Cretaceous-Paleogene boundary (Naing et al.,
2023). The stratigraphy of the northern segment (Naga Hills) has been
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less studied. There, the Eocene Phopkhur Formation overlies a lower-
middle (?) Eocene ophiolitic mélange, the formation of which is attrib-
uted to the thrusting of the Early Cretaceous ophiolite onto the Indian
passive margin (Aitchison et al., 2019).

In the northern and central segments of the IBR, sedimentation
stopped in the inner wedge during the middle to late (?) Eocene. Low-
temperature thermochronology indicates two episodes of exhumation
in these segments, during the middle Eocene and latest Oligocene-early
Miocene (Najman et al., 2022). In the southern IBR, where the inner
wedge faces the Indian Ocean, sedimentation continued over the
Oligocene and Miocene (Naing et al., 2014). All the deposits of the inner
wedge have been interpreted as having been deposited along the Burma
Terrane active margin in an accretionary wedge setting, sourced from
the WPA and the Burma Terrane basement (Najman et al., 2020; Naing
et al., 2023).

The IBR outer wedge consists of Neogene clastic sequences from the
eastern Indian Foreland and its peripheral basins that were incorporated
into the wedge during the late Neogene (Morley et al., 2020). In the
northern segment of the IBR (Naga Hills), geological units from the outer
wedge are indistinguishable from those of the Assam Basin of the eastern
Indian Foreland Basin (see next subsection), and ophiolites and mélange
units from the inner wedge are directly thrusted above them (Aitchison
et al., 2019).

2.3. The Bengal and Assam basins (BAB)

We group under the name “Bengal and Assam Basins” (BAB) the
Upper Cretaceous to Cenozoic deposits of the Assam Basin, Bengal Basin
(including the Surma Basin, also known as the Sylhet Trough), and the
units of the outer wedge of the northern segment of the IBR (Aitchison
et al., 2019; Ding et al., 2022). These sedimentary rocks were deposited
on the easternmost portion of the Indian shelf during the time window
proposed for the collision(s) between India, Asia, the hypothetical
Trans-Tethyan Arc, and the Burma Terrane. These regions were likely
parts of the same basin system until the uplift of the Shillong Plateau in
the late Miocene, which today separates these basins (Fig. 2a; Govin
et al., 2018). The different parts of the BAB show an overall similar
stratigraphic sequence (Fig. 3c).

This sequence unconformably overlies Lower Cretaceous volcani-
clastics of the Indian shelf (Alam et al., 2003). These Lower Cretaceous
volcaniclastics are sporadically found in northern India and are associ-
ated with an episode of intracontinental rifting that hypothetically
separated the Himalayas from continental India (van Hinsbergen et al.,
2012). Upper Cretaceous to middle Eocene units (Tura, Sylhet, and
Kopili Formations in the south, Disang Formation in the north) are
regionally shallow marine. They are followed by the upper Eocene to
Oligocene Barail Group, marking the establishment of a wide,
southward-prograding deltaic system (Najman et al., 2008). Zircon U-Pb
and fission track ages, as well as Ar-Ar mica ages, Cr-spinel geochem-
istry, and sandstone petrography, suggest the arrival of Himalaya-
derived sources within the Barail Group (Najman et al., 2008).

Cenozoic zircon ages in earlier units have been alternately used to
argue for an early to middle Eocene drainage connection with the
Gangdese Arc of the Asian margin in Tibet (Najman et al., 2008; Yang
etal., 2019) or an input from the WPA of the Burma Terrane (Ding et al.,
2022). The later, Mio-Pliocene units (Surma, Tipam, and Dupi-Tila
Groups) are prominently deltaic in the Bengal Basin and fluvial in
Assam. Their detrital zircons, rutile grains, and sandstone petrography
indicate a persistent Himalaya-derived source and Transhimalayan arc
signature, suggesting the establishment of the modern Yar-
lung-Siang-Brahmaputra river system in the early Miocene (Bracciali
et al., 2015; Vadlamani et al., 2015; Rahman et al., 2017).

2.4. The Himalayan foreland Basin (HFB)

We group under the name “Himalayan Foreland Basin” (HFB) the
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Upper Cretaceous to Cenozoic geological units found in the Lesser
Himalayas and Sub-Himalayan Zone of the Tibetan-Himalayan orogen
(DeCelles et al., 1998). These units include (Fig. 3d): the Upper Creta-
ceous to Miocene deposits of the Lesser Himalayas in Nepal and India
(Feng et al., 2023), the Paleogene deposits of the Siang window in the
eastern Himalayan Syntaxis (Baral et al., 2019), and the Mio-Pliocene
Siwalik Group in the Sub-Himalayan zone (Lang and Huntington,
2014). All these units were deposited on the Indian shelf facing the
collision front with the Lhasa Terrane of continental Asia.

In the central segment of the HFB, the Lesser Himalayas sequence
unconformably overlies Paleozoic basement rocks of the Indian Shelf
(Gehrels et al., 2011). It begins with Cretaceous volcaniclastics (Amile
and Taltung Formations), which are unconformably overlain by lower to
middle Eocene siliciclastic deposits (Bhainskati or Subathu Formation;
DeCelles et al., 1998). Variations in detrital zircon populations between
Cretaceous and Eocene units have been used to argue for the onset of
erosion of Tethyan Himalayan rocks in the nascent Himalayan thrust
belt during the early Eocene (DeCelles et al., 2004; Feng et al., 2023).
The Eocene units are unconformably overlain by the lower Miocene
Dumri Formation, which extends further south into the Sub-Himalayan
zone and records the onset of input from the metamorphosed Greater
Himalayan zone (DeCelles et al., 2004; Feng et al., 2023).

In the eastern segment of the HFB, Paleogene deposits consist
exclusively of the late Paleocene to middle Eocene Yinkiong Formation
found in the Siang window (Acharyya, 2007). This formation is folded
and thrust with the lower Cretaceous Abor Volcanics, associated with an
early Cretaceous episode of intra-continental rifting (Baral et al., 2022).
Changes in detrital zircon populations between the lower and upper
members of the Yinkiong Formation (including the appearance of
Cenozoic ages) suggest an input of Asia-derived sediment in the early
Eocene, marking the onset of the India-Asia collision (Baral et al., 2019).

The Mio-Pliocene Siwalik Group is widespread south of the Hima-
layas in the Sub-Himalayan zone and is present in both the central and
eastern segments. Sedimentary provenance studies indicate a direct,
proximal provenance from the Himalayas, including Lesser, Greater, and
Tethyan Himalayan units (Ravikant et al., 2011). In the eastern part of
the Sub-Himalayan zone (Assam), where the northern and eastern In-
dian foreland basins overlap, the Siwalik Group contains Cenozoic zir-
cons attributed to the Gangdese Arc of Tibet, suggesting the
establishment of the Yarlung-Siang-Brahmaputra River in the early
Neogene (Lang and Huntington, 2014).

2.5. The Tethyan Himalayan Series (THS) and the northern tip of India

The Tethyan Himalayan Series (THS) represents the northernmost
unit of the Himalayas, consisting of Neoproterozoic to Paleogene clastic
deposits of Indian affinity (Gehrels et al., 2011). Since the Triassic, when
the Lhasa Terrane separated from India, the THS units have been
deposited along the northern edge of the Greater India passive margin
(Garzanti and Hu, 2015). In the easternmost segment of the THS, de-
posits from the Langjiexue fold and thrust belt, including the Triassic
Langjiexue Group, feature a significant 280-210 Ma zircon population
that is notably absent elsewhere in the THS (Liu et al., 2020). This age
population may reflect a local source, either from the rifting Lhasa
Terrane (Liu et al., 2020) or the distant Papua Arc (Yao et al., 2017). The
age distribution of this population is very similar to that of the Triassic to
lower Jurassic metasedimentary basement of the Indo-Burman Ranges
(IBR), suggesting a comparable geographical origin (Yao et al., 2017; Liu
et al., 2020).

Upper Cretaceous to middle Eocene units of the THS exhibit a
gradual transition from upper slope to shelf and eventually to fluviatile
environments (Hu et al., 2012). These units are exposed in various lo-
cations, including the Sangdanlin and Gyangze areas, where their
provenance has been extensively studied (Fig. 2a and 3e). Detrital zir-
cons from Upper Cretaceous and Paleocene rocks indicate significant
recycling from earlier Tethyan Himalayan units, suggesting deposition
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in local turbidite fans along the slope of Greater India (DeCelles et al.,
2014). Cenozoic detrital zircons first appear in late Paleocene sediment
(ca. 61-59 Ma) at the Sangdanlin section, marking the initial input of
Asia-derived sediment from the Gangdese Arc onto the Indian shelf (Hu
et al., 2015). Cenozoic zircons are also found at the base of the Zhongzuo
Formation in the Gyangze area, although the age of this formation,
spanning late Cretaceous to Paleocene, is less precisely constrained (Wu
et al.,, 2014). Subsequent late Paleocene to middle Eocene units are
interpreted as representing the most proximal, foredeep zone of the
northern Indian foreland basin. The cessation of sedimentation in the
middle Eocene is viewed as signifying the migration of the foredeep
toward the Lesser Himalayas and the Sub-Himalayan zone (DeCelles
et al., 2014).

2.6. The Xigaze Basin and the Asian forearc

The Xigaze Basin, located directly south of the Gangdese Arc of the
Lhasa Terrane in Tibet, served as the forearc basin for subduction along
the Asian margin prior to India’s collision with Asia (Kapp and DeCelles,
2019). Its basement consists of early Cretaceous ophiolites from the
Indus-Tsangpo Suture Zone ophiolitic belt, with sedimentation
commencing shortly after the ophiolitic spreading in the mid-Cretaceous
and continuing until the early Eocene (Orme et al., 2015; Wang et al.,
2017). The sediments in the Xigaze Basin are interpreted as being pri-
marily sourced from the Gangdese Arc and the Lhasa Terrane basement
(Aitchison et al., 2011; Orme et al., 2015). Detrital zircon data from the
Xigaze Basin, along with the Tethyan Himalayan Series (THS), indicate
that the Xigaze Forearc was a major source of Asia-derived sediment
reaching the Indian shelf after the late Paleocene (Orme et al., 2015).
However, it remains uncertain whether the Xigaze Forearc was posi-
tioned directly south of the Gangdese Arc or located hundreds of kilo-
meters offshore from the Asian margin, potentially as part of a Trans-
Tethyan Arc at the time of the collision (Kapp and DeCelles, 2019).

3. Samples and methods
3.1. U-pb dating of detrital zircons from Myanmar

Between 2017 and 2020, we sampled various geological units from
the Central Myanmar Basins (CMB) and the Indo-Burma Ranges of
Myanmar for U-Pb dating of detrital zircons. The complete list of sam-
ples, including their origin and exact locations, is provided in Supple-
mentary Table 1. We collected 2-3 kg of sandstones from the field for
each sample, separated zircon grains using standard heavy liquid tech-
niques, and mounted them in epoxy resin. Laser spots for ablation were
selected randomly (“blind-dating” approach), and the selected zircon
grains were dated by laser ablation inductively coupled plasma mass
spectrometry (LA-ICP-MS).

Twenty-two samples were analyzed at the University of Washington,
using an iCAP-RQ Quadrupole ICP-MS coupled to an Analyte G2 excimer
laser. Zircons were ablated with a spot diameter of 25 um, a 10 Hz pulse
repetition rate, an energy fluence of 4.12 J/cm?, and a carrier gas flow of
0.65 L/min. Data reduction, date, and date uncertainty calculations
were performed using Iolite (Version 3.5) and an in-house MATLAB
script. Details about our U-Pb dating workflow, data reduction steps,
and discordance filters are provided in Shekut and Licht (2020). The ten
zircon validation reference materials used during these sessions yielded
offsets around TIMS ages < 1 % in most cases, and < 2 % otherwise.

Five additional samples were analyzed at the Envitop analytical fa-
cility at CEREGE (Centre for Research and Education in Environmental
Geosciences) using an Element XR ICP-MS connected to a NWR193 laser
(ArF 193 nm) ablation system. Zircons were ablated with a 25 um spot
diameter, a 15 Hz pulse repetition rate, an energy fluence of 1.5 J/cm?,
and a carrier gas flow of 0.975 L/min. Data reduction, date, and date
uncertainty calculations were conducted with an in-house MATLAB
script. The discordance filter used to screen for concordant grains is the

265

Gondwana Research 147 (2025) 260-275

Concordia distance of Vermeesch (2021) using isometric logratios and a
threshold of 10 (SI) for discordance and 5 (SI) for reverse discordance.
Details about our U-Pb dating workflow, data reduction steps, and
discordance filter are given in Licht et al. (2024). The three zircon
validation reference materials used during these sessions yielded offsets
around TIMS ages < 1 % in most cases, and < 2 % otherwise.

In total, our dataset includes 7,886 concordant new ages. Detailed
data are available in Supplementary Table 1.

3.2. Data compilation

We compiled a comprehensive dataset of concordant detrital zircon
ages from Cretaceous and Cenozoic sedimentary rocks across the eastern
edge of the India-Asia collision zone, as well as potential source rocks.
This dataset includes 44,569 ages from 496 samples, derived from 57
published studies. Due to the variability in data reporting standards,
especially in studies conducted before 2015, we did not apply a uniform
filter for concordance but used the ages identified as concordant by each
individual study. This approach addresses the inconsistency in data
reporting and concordance calculation methods (Horstwood et al.,
2016; Vermeesch, 2021). The list of all samples and their references is
provided in Supplementary Table 2.

The source rock compilations are displayed in Fig. 4 and include:

Cretaceous and Paleogene sedimentary rocks from the Xigaze Basin
of the Lhasa Terrane.

Pre-Cretaceous rocks from the Katha-Gangaw Range of northern
Myanmar.

Paleozoic Naga Metamorphics in the inner wedge of the IBR (Naga
Hills).

Triassic-lower Jurassic rocks in the inner wedge of the IBR (Pane
Chaung and Kanpetlet Formations in the Chin Hills and Arakan
Yoma).

e The Triassic Langjiexue Group of the eastern THS (compilation from
Liu et al., 2020).

Pre-Cretaceous rocks from continental India (excluding the Hima-
layas; compilation extracted from Puetz and Condie, 2019).

The sedimentary rock compilations include:

The Central Myanmar Basins (CMB) (Fig. 5a).

The Burma Terrane Accretionary Wedge (BTAW) (Fig. 5b).

The Bengal and Assam Basins (BAB) (Fig. 5¢).

The Eastern segment of the Himalayan Foreland Basin (HFB)
(Fig. 6a).

The Central segment of the HFB (Fig. 6b).

The Tethyan Himalayan Series (THS) (Fig. 6¢).

The samples from the sedimentary rock compilations are divided into
time slices based on the age of their geological units, as highlighted in
Fig. 3. For the THS, the Cretaceous-lower Paleocene compilation in-
cludes samples dated before 61 Ma and identified as pre-collisional by
Wu et al. (2014) and Hu et al. (2015), while the late Paleocene-Eocene
compilation includes all subsequent samples. For the HFB, samples are
divided into eastern and central segments, with an arbitrary cut-off
longitude at 88°E (see Fig. 2).

3.3. Mixture modeling approach

To test the potential mixed contributions of different allochthonous
sources in the upper Cretaceous-Cenozoic sedimentary basins, we
employed the mixture algorithm developed by Licht et al. (2016a, b;
2024). This method involves modeling synthetic age distributions by
randomly selecting ages from the source populations and comparing
these synthetic distributions to the actual compiled age distributions
from the sedimentary basins.
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Fig. 4. Histograms and kernel density estimate diagrams for potential sediment source areas that are discussed in this study: The Xigaze Basin of the Lhasa Terrane,
the Katha-Gangaw Range of northern Myanmar, the Naga metamorphics in the IBR Naga Hills, the IBR Triassic — lower Jurassic basement, The Langjiexue Group of
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For each possible combination of three different sources, we modeled
N synthetic age distributions of 100 ages each (the average number of
ages per sample in the zircon database). N was chosen to be large enough
to capture the potential variability in age proportions created by zircon
subsampling (N = 200; Licht et al., 2016a). We then calculated the
average statistical dissimilarity between each of these N synthetic age
distributions and the actual age distributions. The combinations yielding
the lowest N-averaged dissimilarity values indicate the mixtures that
best reproduce the zircon age distribution of the sedimentary basins.

We used the Kolmogorov-Smirnov (KS) statistic as the dissimilarity
measure, a classical and widely-used indicator in detrital zircon studies
(Licht et al., 2016b; 2024; Vermeesch, 2018). This mixture modeling
approach is most effective when the zircon age compilations from both
the sources and the sedimentary basins are large enough to increase the
statistical significance of each age peak contribution. According to Licht
et al. (2016a), compilations with more than 800 zircon ages allow the
effective use of this approach with Asian terranes.

4. Results

Age distributions of the new samples from the CMB and the BTAW
are shown in Supplementary Fig. SM1 and discussed in the supple-
mentary text. This section focuses on the results from the regional age
compilations.

4.1. Potential sources areas

The age distributions from the Xigaze Basin, Katha-Gangaw Range in
northern Myanmar, Naga metamorphics, Triassic-Lower Jurassic strata
in the IBR and the Langjiexue Group of the eastern THS display the same
Precambrian-Cambrian ages, with a prominent Panafrican (500-700
Ma) population and a broader Grenvillian (800-1300 Ma) population
(hereby referred to as the “PanaGren duo”; see Fig. 4). Two secondary
populations, Eburnean (1600-1900 Ma) and Liberian (2400-2800 Ma),
are found in Xigaze Basin rocks; they are almost absent in Katha-Gangaw
and IBR rocks. All these populations are expressed in Pre-Cretaceous
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continental India, with a prominence of the older Eburnean and Liber-
ian populations.

IBR Triassic-Lower Jurassic rocks and the THS Langjiexue Group
display a clear Permian-Triassic (210-280 Ma) age population centered
around ca. 230 Ma, while Katha-Gangaw rocks display a broader
Carboniferous-Triassic (230-350 Ma) population centered around ca.
290 Ma. These populations are absent from the other source areas
considered here. Xigaze Basin rocks display a continuous record of ages
from the late Triassic to the Eocene, with two prominent populations
centered around 155 Ma and 90 Ma, and a younger and smaller popu-
lation centered at 60 Ma. Restricting the Xigaze Basin compilation to
Paleocene-Eocene samples (18 samples) or Eocene samples (16 samples)
results in a minor increase in the size of the 60 Ma population (not
shown).

4.2. Central Myanmar Basins (CMB)

All age compilations from the CMB display a well-marked PanaGren
duo and a Triassic age population similar in shape to that of the IBR
Triassic-Jurassic rocks and the Langjiexue Group (Fig. 5a). These are
overwhelmed by a continuous Upper Cretaceous-Cenozoic zircon pop-
ulation. Three age peaks can be distinguished, similar to those identified
by Bandopadhyay et al. (2022): 95, 70, and 50 Ma. The 90 Ma popu-
lation is prominent in Cretaceous to Middle Eocene compilations. The
50 Ma population appears in middle Eocene samples; it becomes
prominent and widens to incorporate the 70 Ma population in the
Miocene compilation.

We note a minor Jurassic (140-180 Ma) age population, similar to
the one found in Xigaze rocks, that appears in the middle Eocene and
becomes well-marked in the Oligocene and Miocene compilations. This
population is almost absent in the Paleocene-lower Eocene compilation;
the Cretaceous compilation does not have enough pre-Cretaceous ages
to be conclusive about its presence.
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Fig. 5. (a) Histograms and kernel density estimate diagrams for the age compilations from samples of the CMB, (b) the Burma Terrane Accretionary Wedge (BTAW)
and (c) the Bengal and Assam Basins (BAB). Time slices shown on Fig. 3, color coding and legend similar to Fig. 4. Are highlighted in colors the Cretaceous-Paleogene
age distribution from the middle Eocene CMB compilation (in purple) and Xigaze compilation (in green), and the age window of north Indian continental rifting (in
red; van Hinsbergen et al., 2012), the Triassic-Jurassic age distribution from IBR Triassic-Lower Jurassic rocks (in purple) and the Xigaze compilation (in green), and
the pre-400 Ma age distribution of the basement compilations from Fig. 4 for the Xigaze Basin (in green), IBR pre-Cretaceous rocks (in purple), and continental India

(in red).

267



A. Licht et al.

Gondwana Research 147 (2025) 260-275

Composite age distributions Zoom on 0-140 Ma Zoom on 140-400 Ma Zoom on 400-3000 Ma
T T T T 1 T T T T T T
Paleocene - Lower Eocene eastern HFB n=2 6
11 samples, n=997
: 1 |
bt csllcnes ! |
Focene eastern HFB =406
6 samples, n=475 n=25 n=43 n=
Miocene eastern HFB
21 samples, n=1947 =7 n=1469
BER [
T T ik =
0 500 1000 1500 2000 2500 3000
Detrital zircon age (Ma) Xigaze
Continental India
(a) eastern Himalayan Foreland Basin (HFB) Xigaze IBR IBR
T T T T T T T
400 500 1000 1500 2000 2500 3000

0 80
Detrital zircon age (Ma)

200 300
Detrital zircon age (Ma) Detrital zircon age (Ma)

Composite age distributions

Zoom on 0-140 Ma

Zoom on 140-400 Ma Zoom on 400-3000 Ma

T T T —T T T T T T T

Cretaceous central HFB
6 samples, n=480

n=98

n=1

Eocene central HFB
10 samples, n=867

e liine o |

n=84

ML | L ‘,”[ﬂmmm !

Miocene central HFB
7 samples, n=1774

2000

1000
Detrital zircon age (Ma)

2500 3000

(b) Central Himalayan Foreland Basin (HFB) ‘

Xigaze

Continental India

Xigaze § 'BR

T T

T T T T
1000 1500 2000 2500

40 80 200 300 400 3000
Detrital zircon age (Ma) Detrital zircon age (Ma) Detrital zircon age (Ma)
Composite age distributions Zoom on 0-140 Ma Zoom on 140-400 Ma Zoom on 400-3000 Ma
yp—— Fa—— N ——— T — N ——— P T —— —
Cretaceous - Lower Paleocene THS n=11 = &
26 samples, n=2208 gk n=2043
I | NEPRS b s st |
Paleocene : Lower Eocene THS
32 samples, n=2822 n=299
f T T
0 500 1000 1500 2000 2500 3000
Detrital zircon age (Ma) Xigaze
Continental India
(c) Tethyan Himalayan Series (THS) Xigaze' fing| | " Xigaze ¢ 'BR IBR
R (RN LN I T T T T T T T T T
0 40 80 1200 200 300 400 500 1000 1500 2000 2500 3000

Detrital zircon age (Ma)

Detrital zircon age (Ma) Detrital zircon age (Ma)

Fig. 6. Histograms and kernel density estimate diagrams for the (a) eastern and (b) central Himalayan Foreland Basin (HFB), and (c¢) The Tethyan Himalayan

Sedimentary Series. Color coding and legend similar to Fig. 4.

4.3. Burma Terrane Accretionary Wedge (BTAW)

Age compilations from the BTAW are overall very similar to those
from the CMB (Fig. 5b). They display the same PanaGren duo and a well-
marked Triassic population. The Eocene Phopkhur Formation of north-
ern BTAW (Naga Hills) is devoid of Upper Cretaceous ages, but more
southerly units from the Chin Hills and the Arakan Yoma are dominated
by Upper Cretaceous-Cenozoic ages, with similar age peaks and chro-
nological evolution to what is observed in the CMB. We note the absence
of a well-defined Jurassic population, but most BTAW compilations
contain only a few pre-Cretaceous zircons, making it difficult to draw
definitive conclusions about its presence.

4.4. Bengal and Assam Basins (BAB)

All age compilations from the BAB are dominated by Precambrian-
Cambrian ages, except for the middle Eocene, where Upper
Cretaceous-Paleogene ages make a significant contribution (Fig. 5c).
They all display a well-marked PanaGren duo and an Eburnean
(1600-1900 Ma) population, except during the middle Eocene, where
the Eburnean population is nearly absent. The Panafrican population
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contributes equally to the other Precambrian populations during the
Paleocene-early Eocene and late Eocene-Oligocene periods; it becomes
prominent during the middle Eocene and Miocene.

All age compilations show a few Triassic ages, but their number is
insufficient to confirm the presence and age of a distinct Triassic peak.
They also all exhibit a continuous population of Upper Cretaceous-
Paleogene ages. The amount is only sufficiently high in the middle
Eocene compilation, where the age distribution is intermediate between
those of the CMB and the Xigaze Basin, featuring a clear peak centered at
90 Ma, fewer younger grains, and a secondary population around 70 Ma.

4.5. Eastern Himalayan Foreland Basin (HFB)

The Paleocene-lower Eocene compilation of the eastern HFB is
almost completely devoid of post-Panafrican zircons (Fig. 6a). It displays
a continuous population of Precambrian to Cambrian zircons, with
Panafrican, Grenvillian, and Eburnean populations in similar pro-
portions, and a minor Liberian (2400-2600 Ma) population. The middle
Eocene compilation, though consisting of a low number of zircons (n <
500), shows a distinct distribution with small but clear Upper Creta-
ceous and Triassic age populations, as well as a prominent PanaGren
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Duo. The Miocene age compilation reveals a continuous Upper
Cretaceous-Cenozoic age population with two age peaks centered at 50
and 90 Ma, a prominent Panafrican population, and two secondary
Grenvillian and Eburnean populations that resemble the Miocene age
compilation of the BAB (Fig. 5c¢).

4.6. Central Himalayan Foreland Basin (central HFB)

Cretaceous-lower Paleocene samples from the central HFB are
devoid of Upper Cretaceous-Paleocene ages but exhibit a well-marked
early Cretaceous (110-125 Ma) age population (Fig. 6b). They do not
show the PanaGren Duo, unlike most compilations investigated here,
but do feature well-marked Eburnean (1800-2000 Ma) and Liberian
(2400-2600 Ma) populations. The middle Eocene and Miocene age
compilations from the central HFB are distinct from both the Cretaceous-
lower Paleocene compilation and the contemporaneous samples from
the eastern HFB. The middle Eocene central HFB compilation is nearly
devoid of Upper Cretaceous-Cenozoic grains but still displays an early
Cretaceous population. It features a well-marked Permian-Triassic age
population and a continuous population of Precambrian to Cambrian
zircons, with an unusually small population of Panafrican ages. The
Miocene compilation reveals the same continuous population of Pre-
cambrian to Cambrian zircons; post-Panafrican ages are nearly absent,
with only a few grains centered around 90 Ma.

4.7. The Tethyan Himalayan Series (THS)

Cretaceous-lower Paleocene THS samples display a well-marked late
Jurassic-early Cretaceous (115-150 Ma) age population (Fig. 6¢). They
also exhibit the same PanaGren duo found in most compilations. Upper
Cretaceous grains are completely absent. The Paleocene-lower Eocene
THS compilation shows an age distribution that closely resembles that of
the Xigaze Basin. Post-Panafrican ages are prominent, displaying similar
Jurassic to Paleogene populations with peaks centered around 90 Ma
and 60 Ma. There is a notable widening of the Jurassic population to-
wards late Triassic times (140-210 Ma). The PanaGren Duo is prominent
in Precambrian-Cambrian ages and is found in similar proportions as in
the Xigaze Basin.

5. Discussion

5.1. Signature zircon populations of Burmese, Asian, and Indian margin
provenance

The PanaGren duo is ubiquitous in the samples of our regional
database and reflects the shared early Gondwanan history of the Indian
continent and the Lhasa and Burma Terranes. Consequently,
Precambrian-Cambrian age populations are difficult to use for dis-
tinguishing the age distributions of potential source areas (Fig. 4). The
overwhelming presence of the PanaGren duo in Precambrian-Cambrian
zircon ages is only absent in the continental India compilation, where
Eburnean (1800-2000 Ma) and Liberian (2400-2600 Ma) age pop-
ulations are more significant (Fig. 4). Precambrian units, including
multiple lower Proterozoic units, constitute most of the exposure of
continental India, which likely explains why older ages are more
prominent there. The strong expression of Eburnean and Liberian age
populations is also observed in the Cretaceous-lower Paleocene pre-
collisional units of the central HFB (Fig. 6a), and is interpreted as
sourced from continental India (DeCelles et al., 2014). Paleozoic and
Proterozoic units of the THS, Greater Himalaya, and Lesser Himalayas
also display age distributions where Eburnean (1800-2000 Ma) and
Liberian (2400-2600 Ma) age populations are prominent (Gehrels et al.,
2011), although this is not the case in Cretaceous-lower Paleocene THS
sedimentary rocks (Fig. 6¢). Their very limited presence in late
Mesozoic-lower Paleocene THS sediment suggests that the
Cretaceous-lower Paleocene THS were not directly sourced from the
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continental Indian basement but rather locally sourced on the Greater
Indian margin, from the recycling of younger units of its sedimentary
cover. Therefore, a marked proportion of Eburnean and Liberian age
populations can be considered a signature of the erosion of either con-
tinental India or deep units of the Himalayas.

The well-marked Triassic population found in Burma Terrane base-
ment rocks, in the CMB, and in the BTAW is absent in Lhasa-derived
Xigaze Basin sediment and in the pre-Cretaceous compilation of the
Indian continent (Fig. 4). However, it is identical to the population
found in the Langxijie Group of the eastern THS (Liu et al., 2020). The
presence of this population in our basin compilations could thus alter-
natively reflect an input from the Burma Terrane basement or from the
exhumation and erosion of the THS in the eastern Himalayan syntaxis.
We note that Katha-Gangaw rocks also share a wide Triassic population;
we therefore suggest that the Burma Terrane, Katha-Gangaw Range, and
Langxijie Group share a similar origin (Yao et al., 2017; Liu et al., 2020).

Xigaze Basin rocks display a continuous record of ages from the
Jurassic to the Eocene, with two prominent populations centered around
155 Ma and 90 Ma, and a minor population at 60 Ma. While the latter
two are shared with the WPA in the CMB, the 155 Ma age population is
unique to the Xigaze Basin. The 155 Ma event corresponds to a trench
retreat, ophiolite spreading, and a magmatic flare-up episode along the
Lhasa margin (Kapp and DeCelles, 2019). During this episode, Gangdese
magmatism would have moved southward onto a forearc ophiolite,
forming the short-lived Jurassic Zedong Arc (Metcalf and Kapp, 2019).
This population is also found in Kohistan plutons at the western edge of
the India-Asia collision zone, marking the onset of Kohistan magmatism
(Jagoutz et al., 2019). There is evidence for 170-150 Ma oceanic
spreading in Myanmar (e.g., Yui et al., 2013), but WPA magmatic ac-
tivity does not commence before 130 Ma and has not left any earlier
felsic, zircon-yielding batholith (Licht et al., 2020). This age population
is absent in WPA plutons, as well as in Cretaceous and Paleocene-lower
Eocene sediments of the CMB and the BTAW (Fig. 5a and 5b). Instead,
CMB and BTAW rocks display the trio of 50, 70, and 95 Ma ages iden-
tified by Bandopadhyay et al. (2022).

Finally, the early Cretaceous (115-140 Ma) population found in
Cretaceous-lower Paleocene THS and HFB sediments corresponds to the
age of the intracontinental rifting episode of northern India (van Hins-
bergen et al., 2012) and volcanic deposits found locally on the Indian
continent (Baral et al., 2022).

A synthesis of these fingerprinting zircon age populations is provided
in Table 1 and will be used in the forthcoming sections.

5.2. The Paleocene collision record in the HFB: Input from the Xigaze
Forearc or an alternate arc?

As previously noted by studies such as Orme et al. (2015), the age
distribution of Paleocene-lower Eocene post-collisional THS rocks shows
the same Triassic to Cenozoic age populations as Xigaze Basin material
(Fig. 6¢), as well as the PanaGren duo common to most regional terranes.
This similarity has been used to argue for a direct input of sediment from

Table 1
Main zircon populations observed in our compilations.

Fingerprinting zircon populations areas

PanaGren duo: Panafrican (500-700
Ma), Grenvillian (800-1300 Ma)

Eburnean (1800-2000 Ma) and
Liberian (2400-2600 Ma)

Permian-Triassic (280-210 Ma)

All areas considered

Continental India, Proterozoic-Paleozoic
units of the Himalayas (Gehrels et al. (2011)
All Burma Terrane rocks, Katha Gangaw
Range and eastern THS (Langxijie Group)
Xigaze forearc (& Kohistan Arc; Jagoutz

et al., 2019)

Continental India (Intracontinental rifting
episode)

Burma Terrane sedimentary basins

Jurassic (150-170 Ma)
Lower Cretaceous (115-140 Ma)

Upper Cretaceous — Paleogene
Burmese trio (50, 70 and 95 Ma)
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the Asian Gangdese Arc into the Tethyan Himalayas via the Xigaze Basin
(Fig. 1a and 1b; Orme et al., 2015). It has also been interpreted as
reflecting an input from an offshore Xigaze Forearc belonging to the
Trans-Tethyan Arc (Fig. 1c; Kapp and DeCelles, 2019). In contrast,
Trans-Tethyan models that do not include the Xigaze Forearc argue that
these Triassic to Cenozoic age populations could alternatively reflect an
allochthonous input from another hypothetical arc located between the
Xigaze Forearc and India (Jagoutz et al., 2019; Westerweel et al., 2024).

To test this alternative scenario, we use our mixture modeling
approach on the Paleocene-lower Eocene THS compilation (Fig. 7a). We
distinguish the contribution of three sources: (1) the Greater India
margin, represented by the Cretaceous-lower Paleocene pre-collisional
THS compilation; (2) the Xigaze Forearc, represented by the Xigaze
Basin age compilation; (3) an alternative arc, arbitrarily represented
here by the Paleocene-lower Eocene CMB compilation, as the Burma
Terrane is the only other proposed relic of the Trans-Tethyan Arc in the
eastern sector of the collision zone (Westerweel et al., 2019; 2020). Our
modeling approach is used on the younger part (ages < 400 Ma) of the
compilations because the three potential sources do not display any
significant difference in older age populations; additionally, adding
these older populations to the modeling would result in an unsolvable
mixture, as the source compilations display a much smaller amount of
older ages than the THS compilations. Our modeling shows that a simple
mixture composed of 80 % contribution from the Xigaze Forearc and 20
% from the Indian margin can statistically reproduce the Triassic to
Cenozoic ages found in the Paleocene-lower Eocene THS compilation.
These results are independent of the compilation chosen to represent the
alternative arc: an alternative contribution is not necessary to statisti-
cally fit the THS post-collisional compilation. It also indicates that these
ages can be partly explained by a mixture of input from the Burma
Terrane and the Indian margin. However, this mixture alone is insuffi-
cient and always requires some contribution (>30 %) from the Xigaze
Forearc to perfectly match the Triassic to Cenozoic ages in the
Paleocene-lower Eocene THS compilation. Using the Xigaze Basin

(a) Post-collisional THS
(ages <400 Ma)

40 60
Greater India margin
(Cretaceous-lower Paleocene THS)

Kolmogorov-Smirnov statistic

0.1 0.2

Gondwana Research 147 (2025) 260-275

compilation restricted to Paleocene-Eocene ages instead of the complete
compilation yields similar results (not shown).

The input of allochthonous material into the THS starting in the
Paleocene is thus best explained by some contribution from the Xigaze
Forearc. Our modeling confirms that the 61-59 Ma allochthonous input
reflects incipient collision with the Xigaze Forearc, either along the
Lhasa Terrane (Wu et al., 2014; Hu et al., 2015) or hundreds of kilo-
meters away from it (Kapp and DeCelles, 2019). Although our modeling
does not reject the possibility of a partial contribution from another arc,
this hypothetical arc would have had to be either accreted or located
adjacent to the Xigaze Forearc to explain the mandatory Xigaze-derived
input in all best-fit mixtures.

5.3. Deciphering later collisional records in the HFB and BAB

In the eastern HFB and BAB, coeval Paleocene-lower Eocene deposits
do not exhibit any clear input from the Xigaze Forearc or the Burma
Terrane. Both regions show Eburnean and Liberian populations that are
not obscured by an overwhelming PanaGren duo, indicating a pre-
dominant influence from continental India (Table 1). However, the BAB
compilation does include a minor Cenozoic grain population as well as
some Triassic grains, though their low abundance precludes conclusive
provenance testing via mixture modeling.

The first significant post-Panafrican age population in the HFB and
BAB emerges in the Middle Eocene BAB compilation. Middle Eocene
BAB samples are notably devoid of Permian to Jurassic ages that might
be associated with the Burma Terrane or the Xigaze Forearc. Instead,
they display a well-defined Cretaceous-Cenozoic age population, with a
prominent peak at 90 Ma. Ding et al. (2022) proposed that this popu-
lation represents a mixture of both WPA and Gangdese Arc sources and
implies an initial input of Burma Terrane sediment onto the Indian shelf.
To determine which Cretaceous-Cenozoic Arc is the primary contributor
to these ages, we employ the same mixture modeling approach (Fig. 7b).
We consider three sources: (1) the Xigaze Forearc (represented by the

(b) Middle Eocene BAB
(ages <140 Ma)

40 60 80
Greater India margin

H]]IH]] Statistically identical at 95 % confidence in more

than 80 % of the randomly-generated mixtures

Fig. 7. (a) Dissimilarity to the post-collisional, Paleocene-Eocene THS age compilation for each possible combination of three potential source regions (The Xigaze
Forearc, represented by the Xigaze Basin compilation; the Greater India margin, represented by the pre-collisional, Cretaceous-lower Paleocene THS age compilation;
and an alternate arc, represented arbitrarily by the Paleocene-lower Eocene CMB compilation). Ages older than 400 Ma were excluded from the compilations. (b)
Dissimilarity to the Middle Eocene BAB age compilation for each possible combination of three potential source regions (the Burma Terrane, represented by the
middle Eocene CMB compilation; the Xigaze Forearc; represented by the Xigaze Basin compilation restricted to its Eocene samples; and the Greater India margin,
represented by the same age compilation as for Fig. 7a). Ages older than 140 Ma were excluded from the compilations. The color bar indicates the range of values for
the dissimilarity measure, here the Kolmogorov-Smirnov (KS) statistic averaged for N random synthetic distributions per source combination (N = 200). The
combinations that best fit the tested compilation (post-collisional THS or middle Eocene BAB) are the ones that give the lowest dissimilarity values. An alternative
way to determine the best fit is to look at the range of combinations for which more than 80 % of the N random synthetic distributions are statistically similar to the
tested compilation (here in the sense of the KS statistic at the 95 % confidence level; zone filled with vertical lines).
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Xigaze Basin compilation restricted to its Eocene samples, as Eocene
ages are more prominent in this subset); (2) the Burma Terrane (repre-
sented by the middle Eocene CMB compilation); and (3) the Greater
India margin. As previously, we apply the approach on the youngest part
of the compilation, limited here to ages < 140 Ma instead of < 400 Ma,
because of the low abundance of Triassic grains in the BAB compilation.

Similar to the post-collisional THS sedimentary budget, our
modeling shows that a mixture consisting of 85 % contribution from the
Xigaze Forearc and 15 % from the Indian margin can statistically
reproduce the Cretaceous to Cenozoic ages observed in the middle
Eocene BAB compilation. These ages can also be accounted for by an
alternative triple mixture of Burma Terrane, Xigaze Forearc, and Indian
inputs; however, a contribution from the Burma Terrane is not necessary
to explain the age distribution of middle Eocene BAB sediment.

Thus, there is currently no statistical requirement for a significant
input from the Burma Terrane into the BAB during the middle Eocene,
nor in earlier times. Although our modeling does not exclude a minor
contribution from the Burma Terrane during the middle Eocene (<50 %;
Fig. 7b), it should be relatively small if present. The significant contri-
bution of upper Cretaceous-Cenozoic ages to the BAB is notably absent
in the upper Eocene-Oligocene (Barail Formation; Fig. 3). The base of
the Barail Formation, dated at approximately 38 Ma (Najman et al.,
2008), coincides with a major uplift event in the IBR, which corresponds
to the deposition of the Phokphur Formation and the final emergence of
the BTAW in the central segment of the IBR (Chin Hills; Licht et al.,
2019; Aitchison et al., 2019). This synchronicity suggests that the
reduction in Cretaceous-Cenozoic ages in the BAB compilation may
result from the loss of a sediment routing system between central
Myanmar and the BAB.

The subsequent reappearance of a significant upper Cretaceous-
Cenozoic age population in the Miocene eastern HFB and the conver-
gence of age distributions in the Miocene eastern HFB and BAB have
been interpreted as indicating the establishment of an integrated
Brahmaputra-Tsangpo drainage system, transporting young zircons of
Gangdese Arc origin to the Indian shelf (Lang and Huntington, 2014).
While a potential contribution from the Burma Terrane cannot be
entirely ruled out, given the relatively high Miocene exhumation rates of
the BTAW (Najman et al., 2022), it remains less certain.

5.4. First record of Asia-derived sediment on the Burma Terrane

The age compilations from the CMB and BTAW exhibit consistent
PanaGren duo, Triassic, and upper Cretaceous-Cenozoic age pop-
ulations. Notably, a minor Jurassic age population (140-180 Ma),
similar to that observed in the Xigaze Basin (Table 1), appears in the
middle Eocene and subsequent compilations but is absent in the

(a) Paleocene-Lower Eocene CMB
(ages > 140 Ma)

(b) Eocene BTAW
(ages > 140 Ma)

(c) Middle Eocene CMB
(ages > 140 Ma)
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Paleocene-lower Eocene compilation. To assess the statistical signifi-
cance of this new population, we applied our mixture modeling
approach to the CMB and BTAW compilations (Fig. 8). This analysis
focuses on ages > 140 Ma to avoid biases introduced by younger ages,
which are significantly influenced by coeval magmatic rocks from the
WPA of the Burma Terrane. We distinguished contributions from three
sources: the Xigaze Forearc (represented by the Xigaze Basin compila-
tion), the IBR Triassic-lower Jurassic basement, and the Katha-Gangaw
Range, all depicted in their respective age compilations from Fig. 4.
Restricting the Xigaze Basin compilation to Paleocene-Eocene or
Eocene-only ages instead of using the complete dataset yields similar
results, as they display the same pre-140 Ma age populations (not
shown).

Our modeling indicates that the Paleocene-lower Eocene and
Miocene CMB age compilations, as well as the Eocene BTAW age
compilation, can be explained by a predominant contribution from the
IBR pre-Cretaceous basement, although a minor contribution from the
other two sources is not excluded (Fig. 8a, 8b, and 8e). The Middle
Eocene compilation cannot be solely explained by an input from the IBR
pre-Cretaceous basement and requires an additional contribution from
zircons with a Xigaze Forearc signature and/or from the Katha-Gangaw
Range (Fig. 8b). The Oligocene compilation necessitates a combination
of contributions from the IBR pre-Cretaceous basement and the Xigaze
Forearc, with the best fit achieved by a 70 % contribution from the IBR
basement and a 30 % contribution from the Xigaze Forearc (Fig. 8c).

The Oligocene is therefore the first time window for which a statis-
tically significant allochthonous input into the CMB is required to
explain the age distribution. This Xigaze Forearc signature could reflect
the development of an Oligocene drainage system parallel to the Indus-
Tsangpo suture zone, transporting Xigaze material into the CMB
(Robinson et al., 2014; Westerweel et al., 2024). Alternatively, it could
indicate direct input from the Asian margin, particularly the Asian
Sibumasu margin (the MMMB; Fig. 2b), where 170 Ma plutons are
prevalent (Licht et al., 2020).

This Oligocene age is consistent with rutile U-Pb ages from the CMB,
which suggest the emergence of a new age population attributed to the
Asian margin in the early Oligocene (Najman et al., 2022). This shift
may have occurred as early as the late Eocene, given that no upper
Eocene units have been sampled for rutile and zircon geochronology
thus far (see Fig. 3). The requirement for an input from the Katha-
Gangaw Range and/or the Xigaze Forearc/Asian margin in the middle
Eocene suggests a potential collision between Asia and the Burma
Terrane as early as the middle Eocene. However, further investigation is
needed to confirm the Lhasa or Burma Terrane affinity of the Katha-
Gangaw Range.

Finally, our modeling results do not statistically necessitate a

(d) Oligocene CMB
(ages > 140 Ma)

(e) Miocene CMB

il

| | i
T
L
40 60
Katha-Gangaw Range

0.1

Kolmogorov-Smirnov statistic

(ages > 140 Ma)
4

0

Statistically identical at 95 % confidence in more
than 80 % of the randomly-generated mixtures

[

0.2

Fig. 8. Dissimilarity to (a) Paleocene — lower Eocene CMB, (b) Eocene BTAW (excluding the Phokphur Formation), (c) Middle Eocene CMB, (d) Oligocene and (e)

Miocene CMB age compilation for each possible combination of three potential

Source regions (the IBR Triassic-lower Jurassic basement, the Katha-Gangaw Range, and the Xigaze Forearc). Ages younger than 400 Ma were excluded from the

compilations. Legend: see Fig. 7.
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significant Asian input to explain the Miocene CMB age distribution.
Nonetheless, the bimodal distribution of Cenozoic ages in the Miocene
CMB compilation resembles that observed in the BAB and eastern HFB
for contemporaneous depositional ages, suggesting an input from Lhasa-
derived volcanism, likely sourced from the MMMB and/or the eastern
Himalayan Syntaxis (Westerweel et al., 2020).

5.5. Implications for Trans-Tethyan India-Asia collision models

Our analysis demonstrates that there is no statistical support in our
high-resolution detrital zircon compilations for a Paleocene collision
between India and a Trans-Tethyan Arc that excludes the Xigaze Fore-
arc. The allochthonous material reaching the Tethyan Himalayas (THS)
in the late Paleocene can be fully accounted for by a sole input from the
Xigaze Forearc. While a contribution from the (Greater) Burma Terrane
could partly explain this input, it still requires a significant contribution
from the Xigaze Forearc. These results thus refute Trans-Tethyan geo-
dynamic models for the India-Asia collision that do not incorporate the
Xigaze Forearc as part of the Trans-Tethyan Arc (Fig. 1c; Jagoutz et al.,
2019; Westerweel et al., 2024).

To align with the provenance constraints provided here and the
paleomagnetic data from Myanmar (Westerweel et al., 2019), Trans-
Tethyan models must include a composite Trans-Tethyan Arc incorpo-
rating both the Xigaze Forearc and the Burma Terrane. For this com-
posite Xigaze-Burma Terrane Trans-Tethyan model, the first clear input
of allochthonous material into the CMB, dated here and elsewhere
(Najman et al., 2022) to the Oligocene, offers a possible chronological
constraint for the docking of the India-Trans-Tethyan Arc assemblage to
Asia. Alternatively, the Oligocene arrival of allochthonous material in
the CMB could be attributed to the central Xigaze segment of the Trans-
Tethyan Arc. An earlier, middle Eocene input of allochthonous material
is also recorded in the CMB, although its origin remains uncertain.

A synchronous late Jurassic or early Cretaceous separation from the
Asian margin for both terranes is currently the simplest model for the
origin of this composite arc (Fig. 9a; Zahirovic et al., 2016). However,
this scenario presents several issues. The Gondwana affinity of Creta-
ceous fossils from the Burma Terrane (e.g., Wood and Wunderlich,
2023) and the Gondwana-derived Pre-Cretaceous rocks in the BTAW
(Yao et al., 2017) have been used to argue against an Asian origin for the
Burma Terrane (Westerweel et al., 2024). These affinities could be
explained by the accretion of Argoland fragments to this arc during the
early Cretaceous (Morley et al., 2020). More problematically, the pro-
posed timing for the separation of the Xigaze Forearc from the Lhasa
margin is the late Cretaceous, associated with the Spong Volcanics of the
Indus-Tsangpo Suture Zone (ca. 90 Ma; Kapp and DeCelles, 2019). A
much earlier separation of the Xigaze Forearc would necessitate the
existence of an active Xigaze Arc for at least 70 million years to supply
the Xigaze Basin with Cretaceous to Paleogene zircons. The magmatic
flare-up episodes of this arc would partially mimic those of the Gangdese
Arc (Fig. 9b). Until further remnants of this Xigaze Arc are found along
the Indus-Tsangpo Suture Zone, the Gangdese Arc remains the most
plausible source of Xigaze Forearc zircons, which is inconsistent with an
early separation of the Xigaze Forearc from the Asian margin.

One possible resolution to these issues is to consider a polygenetic
nature for the Trans-Tethyan Arc, with a Xigaze Arc segment separating
from Asia during the late Cretaceous, an earlier eastern segment
comprising the Burma Terrane, and possibly other segments further
west, such as the intra-oceanic Kohistan and Dras Arcs formed during
the late Jurassic (Jagoutz et al., 2019; Andjic et al., 2022). This poly-
genetic Trans-Tethyan Arc would have been spatially discontinuous and
would have straddled the Neotethys from west to east only during a brief
time window (90-60 Ma). This scenario is compatible with paleomag-
netic constraints for all these blocks (Westerweel et al., 2019; Martin
et al.,, 2020; Xu et al.,, 2025). It would yet involve multiple crustal
fragments and arc segments of varying origins, implying different epi-
sodes of subduction initiation and drifting spanning between the late
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Fig. 9. (a) Plate reconstruction at ca. 60 Ma highlighting an alternate geo-
dynamic model for the India-Asia collision with a Trans-Tethyan, Xigaze-
Myanmar arc separated from Asia during the late Jurassic or early Cretaceous
(Zahirovic et al., 2016). KA: Kohistan Arc; XB: Xigaze Basin; BT: Burma Terrane.
Color coding similar to Fig. 1. The dashed arrow highlights the hypothetical
drainage proposed by Westerweel et al. (2024) to explain late Cretaceous zir-
cons in the CMB. (b) Crystallization age compilation from the WPA and the
Gangdese Arc (compilations from Licht et al., 2020, including U-Pb, K-Ar and
Ar-Ar igneous ages), compared to the kernel density estimate of the middle
Eocene CMB zircon compilation (in purple) and the Xigaze Basin compilation
(Eocene samples only; in green).

Jurassic and the mid Cretaceous, and a complex assemblage history
during the middle to late Cretaceous. Such a scenario is thus challenging
to visualize and remains to be clearly delineated. It would, however, be
consistent with the current complexity of recent kinematic models for
the Neotethys along its other sections, such as the Mediterranean
domain (van Hinsbergen et al., 2020) and Southeast Asia (Advokaat and
van Hinsbergen, 2024).

5.6. The missing arc of the Burma Terrane

While there is no statistical requirement for an unknown arc segment
to explain the zircon populations in the Cenozoic Indian shelf basins and
the Xigaze Forearc, the provenance of Cretaceous-Cenozoic zircons in
the CMB is more complex. The primary zircon age populations found in
the CMB do not align well with the geochronological compilations from
Gangdese and WPA igneous rocks (Fig. 9b). WPA ages exhibit only two
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prominent populations at approximately 100 and 40 Ma, and there are
no known igneous rocks of 50 and 70 Ma age on the Burma Terrane
(Licht et al., 2020). To address this discrepancy, Westerweel et al.
(2024) proposed that a paleo-drainage along the Trans-Tethyan Arc
might have transported volcanic material into the CMB (Fig. 9a).

In the context of a composite Xigaze-Burma Terrane Trans-Tethyan
model, our mixture modeling does not exclude a potential Xigaze-CMB
connection, as a minor contribution from the Xigaze Forearc is statisti-
cally plausible as early as the Cretaceous CMB compilation (Fig. 8).
However, the formation of such a drainage seems unlikely before the
Paleocene collision between India and the Trans-Tethyan Arc, as there
would have been no significant topography or morphological barrier to
facilitate sediment transport axially along the arc. Consequently, this
scenario alone cannot account for the prominent 70 Ma age population
observed in the Cretaceous CMB. Additionally, paleocurrent, isotopic,
and petrographic data from the Eocene CMB do not support the exis-
tence of a long-distance drainage and instead suggest a local origin for
the CMB material (Licht et al., 2013).

Following Bandopadhyay et al. (2022), we propose that the current
magmatic rocks of the WPA in Myanmar are remnants of an arc with a
much longer history of activity. These remnants were likely preserved
due to their proximity to the ancient trench, whereas other rocks of the
WPA were situated further east of the Burma Terrane. These rocks may
have been lost through subduction or left behind as slivers along the
Asian margin in Sibumasu. In this regard, the 100 and 40 Ma WPA
plutons possibly reflect the trench-ward migration of the arc and slab
rollback episodes along the Burmese subduction margin. Hafnium data
from the prominent 70 Ma detrital zircon age population in the CMB
support an origin from a broader WPA, as they exhibit eHf values similar
to those found in 40 Myr and 100 Myr old igneous rocks in the modern
WPA (Wang et al., 2014; Zhang et al., 2017). This suggests a comparable
juvenile magma source. The origin and history of the Burma Terrane arc
remain yet to be fully elucidated, and its relics should be carefully
sought in Southeast Asia.

5.7. Greater India models: Simpler alternatives?

A collision at 61-59 Ma with the Xigaze Forearc is compatible with
current Greater India models (e.g. Fig. la & b). Detrital zircon age
compilations fail providing a clear age constraint for the docking of the
eastern edge of India with the Burma Terrane, limiting their relevance
for testing these models in the context of the Greater India — Burma
Terrane collision chronology. Cenozoic zircons in the BAB suggest a
potential India- Burma Terrane collision as early as the Paleocene-early
Eocene, though a later collision age cannot be ruled out. This Paleocene
— early Eocene age is consistent with the chronology of ophiolitic
thrusting onto the Indian shelf in the Naga Hills of the BTAW (Aitchison
et al., 2019), but remains to be confirmed with more detrital zircon data.
We note yet that Greater India models must account for the early
Paleogene paleogeographic isolation of the Burma Terrane as indicated
by paleomagnetic data (Westerweel et al., 2024), as well as for a
drainage connection between the Burma Terrane and Asia starting at
least during the early Oligocene, and possibly earlier in the Eocene,
based on our results.

The kinematic model proposed by Advokaat and van Hinsbergen
(2024), which is based on the Greater India oceanic basin model
(Fig. 1b), is currently the only model consistent with these constraints. It
suggests a Paleocene collision between the Himalayas and the Xigaze
Forearc/Lhasa margin, followed by an early Eocene collision of the
eastern tip of continental India with the Burma Terrane, and subsequent
accretion of the Burma Terrane to Asia in the late middle Eocene.

Two additional points supporting the Greater India oceanic basin
model are worth noting. The significant difference between the THS and
HFB zircon age compilations during the Cretaceous (Fig. 6) indicates the
presence of a pre-collisional divide north and south of the Himalayas,
between the northernmost tip of Greater India and the more southerly
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parts of the Indian shelf. This observation does not constrain the crustal
nature of Greater India but is consistent with a thicker, continental block
at the northern tip of Greater India, in agreement with the Greater India
oceanic basin model (van Hinsbergen et al.; 2012). Additionally, the late
Cretaceous unconformity observed in the BTAW and the CMB (e.g.,
Fig. 3), whose origin remains unexplained, could reflect the transit of
this continental block offshore the Burma Terrane, close to the BTAW.
Nonetheless, Greater India models fail addressing and explaining the
correlation between BTAW ophiolites and the Indus-Tsangpo Suture
Zone, based on their spreading ages and mechanisms (e.g. Morley et al.,
2020), and the similar, age, origin and early history for the Xigaze
Forearc and the CMB (Cai et al., 2020). Moreover, the position of the BT
on the Australian Plate within the Greater India oceanic basin model
(Advokaat and Van Hinsbergen, 2024) is difficult to reconcile with
paleomagnetic and geological constraints suggesting a similar motion
and a close correlation of the BT with India over the Cenozoic (Morley
et al., 2020; Westerweel et al., 2024).

6. Conclusion

Our dataset and statistical analyses demonstrate that the Paleocene
input of allochthonous zircons onto the Indian shelf is most straight-
forwardly explained by a direct contribution from the Xigaze Forearc.
We find no definitive evidence of Burma Terrane-derived zircons in
Paleogene Indian shelf basins. While such an input could have
commenced as early as the Paleocene to early Eocene, the current
number of detrital zircon samples is insufficient to statistically test this
hypothesis. The earliest recorded input of allochthonous zircons into
Burmese sedimentary basins dates to the middle Eocene, although their
precise origin remains unclear. The Oligocene zircon compilation from
the CMB shows a clear contribution from Asia-derived zircons, consis-
tent with the provenance of Oligocene rutile (Najman et al., 2022).

These geochronological constraints thus appear to contradict the
latest Trans-Tethyan kinematic models (Westerweel et al., 2024). In
contrast, the chronology of drainage connections aligns with the most
recent kinematic reconstruction involving a Greater India oceanic basin
(Advokaat and van Hinsbergen, 2024). Cretaceous age compilations
from Indian basins also support the presence of a Himalaya continental
block at the northern tip of India, forming a drainage divide. Greater
India oceanic basin models, however, do not yet provide a compre-
hensive geological scenario for the India-Asia collision, as they fail to
account for the similar tectono-magmatic histories observed in the
Indus-Tsangpo Suture Zone, BTAW, CMB, and the Xigaze Basin, and a
similar motion for India and the BT. Nevertheless, these models are
currently the most compatible with the existing detrital zircon
populations.

The only Trans-Tethyan model that aligns with current geological
constraints involves a tectonic assemblage of the Burma Terrane, the
Xigaze Forearc, and possibly other segments further west during the late
Cretaceous. This polygenetic scenario would include multiple crustal
fragments, subduction initiations, and arc segments of varying origins
and remains to be fully delineated. Despite its potential complexity, it
does not significantly differ from the complexity of kinematic models for
other parts of the Neotethyan margin. The current disparity between the
complexity of Southeast Asian kinematic models and the relatively
simplified tectonic models for South Asia is pronounced. Understanding
the India-Asia collision would benefit from considering it not merely as a
continent—continent or continent-arc-continent collision but as a com-
plex orogen involving multiple isolated arcs and continental fragments,
which are still poorly defined and require further identification, study,
and correlation.

Plain language summary

Sedimentary provenance studies indicate that the collision between
the Indian and Asian continents occurred about 60 million years ago,
based on the arrival of foreign sediments on the Indian shelf. To explain
this early timing, geodynamic models propose that either India was
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much larger before the collision or that India collided with another arc,
known as the Trans-Tethyan Arc, which was situated between India and
Asia and has since disappeared.

In this study, we analyzed a dataset of zircon minerals from sedi-
mentary rocks around India, Myanmar, and Asia. Our goal was to
determine if the ages of these zircons could help identify the origin of
these sedimentary rocks and assess whether a missing arc played a role
in the collision process.

Our analysis shows that the foreign material on India originated
mainly from the Asian forearc and that there is no statistical support for
a missing arc between India and Asia. However, the dataset suggests that
the Burmese sedimentary record requires a missing arc between
Myanmar and Asia. These results are compatible with current collision
models involving a larger India, and place strict paleogeographic con-
straints on models involving a Trans-Tethyan Arc.
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