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Abstract    The initial collision between Indian and Asian continents marked the starting point for transformation of land-sea
thermal contrast, uplift of the Tibet-Himalaya orogen, and climate change in Asia. In this paper, we review the published literatures
from the past 30 years in order to draw consensus on the processes of initial collision and suturing that took place between the
Indian and Asian plates. Following a comparison of the different methods that have been used to constrain the initial timing of
collision, we propose that the tectono-sedimentary response in the peripheral foreland basin provides the most sensitive index of
this event, and that paleomagnetism presents independent evidence as an alternative, reliable, and quantitative research method.
In contrast to previous studies that have suggested collision between India and Asia started in Pakistan between ca. 55 Ma and
50 Ma and progressively closed eastwards, more recent researches have indicated that this major event first occurred in the center
of the Yarlung Tsangpo suture zone (YTSZ) between ca. 65 Ma and 63 Ma and then spreading both eastwards and westwards.
While continental collision is a complicated process, including the processes of deformation, sedimentation, metamorphism, and
magmatism, different researchers have tended to define the nature of this event based on their own understanding, an intuitive bias
that has meant that its initial timing has remained controversial for decades. Here, we recommend the use of reconstructions of
each geological event within the orogenic evolution sequence as this will allow interpretation of collision timing on the basis of
multidisciplinary methods.
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1.    Introduction

Collision between India and Asia was perhaps the most spec-
tacular geological event to occur over the last 500 million
years (Yin and Harrison, 2000). However, although there are
numerous records of ocean closures and continental collisions
in geological history, the connection between India and Asia
has attracted a great deal of attention because of the resultant
formation of the vast and high-altitude Tibetan Plateau. The
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ongoing process of collision also affected Tibet as well as cen-
tral and southeast Asia (Tapponnier et al., 1982). As a result,
collision between India and Asia as the resultant formation of
the Tibetan Plateau likely includes a number of unique pro-
cesses of both continental collision and mechanisms of intra-
continental deformation. The initial collision between India
and Asia also provides important data to studies of continen-
tal lithospheric deformation, environmental change, and pale-
oaltitude reconstruction. Thus, this collision has significance
to our understanding of plate tectonics, continental dynamics,
and multilayer interactions.
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Generally, an initial continental collision is defined as the
first contact following the complete consumption of oceanic
lithosphere between two pieces of continental lithosphere.
Thus, strictly speaking, continental collision is an ongoing
process, initiated by the obduction of active continental mar-
gin and the loading of an accretionary prism onto a passive
continental margin and formation of a foreland basin. Con-
sequently, relic oceanic crust can be tectonically emplaced as
an ophiolite, while the suture zone experiences deformation,
magmatism, and metamorphism during orogeny (Ding et al.,
2005). Continental collision is therefore not a simple and
short-term process but rather an extended period of long-term
evolution from soft collision to hard collision.
During the 1980s and 1990s, geoscientists first proposed

that the Indian and Asian continents initially collided along
western syntaxis ca. 55Ma, then diachronously suturing east-
wards (Tapponnier et al., 1981; Achache et al., 1984; Allégre
et al., 1984; Besse et al., 1984; Patriat and Achache, 1984;
Searle et al., 1987; Klootwijk et al., 1994; Beck et al., 1995;
Rowley, 1996). However, more recent studies have led to
the alternative suggestion that the collision between India and
Asia first occurred in the central section of the YTSZ between
ca. 65 Ma and 60 Ma, then progressing both eastwards and
westwards (Ding and Zhong, 1999; Ding et al., 2001, 2003,

2005, 2016b; Chen et al., 2010; Cai et al., 2011; Yi et al.,
2011; Zhang et al., 2012; DeCelles et al., 2014; Wu et al.,
2014; Hu et al., 2015, 2016b). This second model, suggest-
ing an earlier collision between India and Asia, predicts that:
(1) large-scale continental subduction occurred within the Ti-
betan Plateau along main suture zones in order to accommo-
date additional shortening; (2) resultant large-scale continen-
tal subduction would have generated far-reaching deforma-
tion effects across central Asia, and; (3) post-collisional ig-
neous rocks and mineral deposits would have formed as a re-
sult within continental subduction belts.

2.    Methods to constrain the initial timing of
collision
Collision between India and Asia has been defined indepen-
dently by different workers in the context of specific research
domains, generating a good deal of debate (Table 1). How-
ever, because continental collision is a complex process, in-
volving a number of concomitant geological events, we sug-
gest here that all available methods should be applied to con-
strain both the timing of this event and to reveal the sequence
of changes that took place during the tectonic evolution of
this major collisional orogeny (Ding et al., 2013).

Table 1        Summary of methods and conditions that have been applied to constrain the initial timing of collision between India and Asia
Dating method Basic outline of event Dating caveats Timing of collision

High Pressure-
Ultra High

Pressure (HP-
UHP) continental
metamorphism

Continental margin is subducted to a depth of at least
100 km along the plate boundary under the drag of
oceanic lithosphere, forming UP-UHP continental

metamorphic rocks. As a result of interactions between
deformation and buoyancy, these rocks were then
exhumed to the surface. Thus, the age of prograde

HP-UHP metamorphism, combined with corresponding
depth and an estimate for subduction rate, can be used to
calculate the initiation age of continental subduction.

During the process of subduction-exhumation, UP-UHP
rocks were subject to decompression and cooling. Thus,
it has proved difficult to obtain a complete PTt path. In
addition, in the absence of a reliable thermobarometer
for this region, it has also proved difficult to determine

metamorphic conditions with accuracy.

Upper limit

Ophiolite
obduction

A metamorphic sole is usually formed when ophiolites
are obducted over subducting oceanic lithosphere.
Thus, Ar-Ar ages from high-grade amphibolites

within a metamorphic sole can be used to determine
the age of the obduction event.

Obduction of ophiolites within a subduction zone
usually occurs prior to continental collision. Thus, the
metamorphic sole within the YTSZ has been dated to
between 130 Ma and 120 Ma, significantly older than

a Paleocene collision between India and Asia.

Lower limit

Cessation
of marine

sedimentation

Following continental collision, oceanic crust was
completely subducted beneath the active margin
while passive continental crust was uplifted as a
result of compressive deformation. This caused a

cessation of marine sedimentation.

The disappearance of oceanic lithosphere does not
necessarily mean the end of oceanic conditions, as
peripheral foreland basins often still preserve marine
faces after a continental collision. In addition, because
continental collisions usually occur at points, residual
ocean basins can be retained along the flanks of sutures.

Upper limit

Molasse basin

Molasse basins contain thick and coarse clastic rocks
and develop along flanks of collisional orogenies.
The lower part of these basins normally comprise

shallow marine sediments, transitioning upwards into
continental deposits that contain coal interbeds.

Two kinds of molasse basins are known. Of these,
one is deposited over the top of a foreland basin (i.e.,
‘wedge-top’), a process which can be crucial for

constraining a collision age, while the other such as
Kailas Molasse is deposited onto the suture zone. Both
these cases subduct and override plates while deposition
usually takes place subsequent to continental collision.

Upper limit

Mid-ocean ridge
spreading rate

Investigation of oceanic magnetic anomalies associated
with a subducting plate have shown that a deceleration in
spreading rate may be caused by continental collision.

Deceleration in spreading rate may have been
caused by both continental collision and a change

in the dynamics of the ocean ridge.
Unclear

(To be continued on the next page)
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(Continued)
Dating method Basic outline of event Dating caveats Timing of collision

Change in
direction of plate

motion

Durative collision is usually accompanied by plate
rotation; thus, the timing of rotation can be used to

constrain the timing of continental collision.

Similar to plate velocity variations, changes in
plate movement direction do not necessary require
continental collision. For example, the Hawaii

Ridge experienced a change in movement direction
without continental collision.

Unclear

Strike slip faults

In an oblique collision zone, large-scale strike slip faults
provide the dominant mechanism for deformation.
Examples include the Red River-Ailaoshan and
Sagaing strike slip faults in the eastern TP.

An initial collision usually leads to crustal
thickening. However, because thickened crust
cannot absorb compressive stresses, strike slip
faults will develop. Thus, the initiation of these

faults must follow continental collision.

Upper limit

Crustal
deformation

Convergence between continents usually leads to
compression and the thickening of continental crust.
In a passive margin, this deformation usually takes

the form of a foreland thrust-fold belt.

Not all the thickening of continental crust will be the
result of this process; collision between a continent
and an intro-oceanic arc can also lead to thickening.

Upper limit

Apparent polar
wander path
(APWP)

The timing of collisions can be constrained by defining
when apparent polar wander paths and paleolatitudes
from continental margins start to overlap. In practice,
however, post-collisional upper-crustal shortening

within both Asia and the Himalayas limits our ability to
predict paleo-latitudes from APWPs, and thus robust
paleomagnetic poles must be obtained directly for
both the Lhasa Block and the Tethys Himalayas in

order to constrain collision chronology.

This method is applicable to rigid blocks where there is
less crustal shortening and no continental subuduction.
In these cases, stratigraphy can be precisely dated,
and the inclination of shallowing can be evaluated

alongside the effects of geomagnetic secular variation.

Initial collision

Peripheral
foreland basin

Loading of an obducted arc and suture-zone rocks over
a passive margin can lead to flexure and the formation

of a peripheral foreland basin over a subducted
plate. Because detritus from the active margin will
be transported and deposited in the foreland basin,
this change in provenance can be used to constrain

the collision between continents.

Continental collision can lead to sediments on a
passive plate being subducted beneath the active
margin, resulting in the disappearance of earlier
strata. In addition, migration of a foreland basin
towards a craton can lead to the formation of

foredeeps as a thrust-fold belt propagates. Thus,
recognition of an earlier foreland basin record closer
to a suture zone will make it easier to constrain the

initial timing of continental collision.

Initial collision

Leucogranite

Leucogranite is well-exposed in thickening crust, for
example in the Himalayan orogen. The appearance of
contemporary leucogranite can be used to constrain

the age of crustal thickening.

Because leucogranite can be exposed in both foreland
thrust-fold belts and in thickening volcanic arcs, it
could have developed before or after a collision.

Upper limit
and/or lower limit

Magmatic
transition from
oceanic to
continental
subduction

Aqueous fluids released from a subducted oceanic slab
will result in melting of the overlying mantle wedge.
The magma produced by continental subduction will
therefore be contaminated by continental crust, leading
to generation of a characteristic shoshonite series. This
transition in magma source between dehydration of
the oceanic slab to melting of the continental crust

indicates disappearance of the oceanic lithosphere and
the initiation of continental crust subduction.

The cessation of volcanic arc magmatism usually
lags behind an initial continental collision. Thus, the
mantle wedge related to subduction of the oceanic
lithosphere can still generate rock assemblages
associated with a volcanic arc after continental

collision. This magmatic method should therefore
be used in combination with consideration of rock

type, tectonic setting, provenance, and age.

Upper limit

Faunal migration

Subsequent to continental collision, floras and faunas on
separated continental landmasses will have experienced
distinct evolutionary processes. Following contact
between continental margins, however, lineages will
start to interact and be subject to the same evolutionary
pressures. Faunal migration therefore provides an
independent test of initial continental collision.

Unclear geographic distribution patterns as well
as issues in assessing depositional ages affect

the reliability of this method.
Upper limit

Numerical
and physical
simulations

Numerical and physical simulations can reveal the
slow processes that underlie continental collisions.
Physical simulations depend on the selection of

appropriate material to build models, while numerical
simulations are based on equations that express rock
deformation and software to reproduce this process.
If an appropriate strain rate can be input to achieve
expected deformation, then the required time output

will be equal to the age of collision.

Both physical and numerical simulations require
the establishment of geometric models, selection of
appropriate constitutive equations, similar materials,
and boundary conditions. A model can then be

modified on the basis of simulation results and actual
deformation until agreement with the actual geological
situation is reached. Thus, well-developed simulations
can provide valuable predictions for the processes

and mechanisms of continental collision.

Unclear
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3.    History of research on the initial timing of
Indian and Asian collision

The initial timing of the collision between India and Asia
has been studied for more than 30 years and a great deal of
evidence has been identified within the suture zone and as-
sociated blocks (Figures 1 and 2). The first study that con-
strained the initial timing of India-Asia collision was carried
out in Pakistan and northwest India. In Waziristan-Kurram
area, Pakistan, Beck et al. (1995) proposed the timing of In-
dia-Asia collision to be 65–55 Ma relying on the obduction
of Indus suture-zone rocks and trench strata over the Indian
passive continental margin. Alternative, this tectonic rela-
tionship could also be a result of collision between oceanic
arc and the Indian continent (Aitchison et al., 2007a). To
the east, in the Balakot region, the oldest sequence of lower
Eocene (ca. 50 Ma to 55 Ma) continental Balakot Formation
is interpreted as part of a foreland basin which implies that
continental collision took place around this time (Bossart and
Ottiger, 1989). However, revised mapping in this area has
also shown that a fossil-rich limestone layer within the Bal-
akot Formation occurs as a fault-bounded slice rather than in
a depositional relationship (Najman et al., 2001). In addi-
tion, ages from detrital micas within the Balakot Formation
are mainly clustered within a range between 40 Ma and 36
Ma, which suggests that initial collision took place ca. 40 Ma

in the northwestern Himalayas (Najman et al., 2001). More
recent investigations in the same area (Ding et al., 2016b)
have also identified a tuff layer in the Balakot Formation that
yields a zircon U-Pb age ca. 53 Ma; thus, on the basis of this
detrital zircon age as well as an abrupt change in provenance
between the Indian and Asian plates, the study constrained
initial collision to between ca. 56 Ma and 55Ma. In addition,
provenance analysis of the Lower Indus basin also indicates
that collision between India and Asia took place ca. 50 Ma
(Zhuang et al., 2015).
In the Zanskar area, the Chulung La Formation marks the

transition from marine-to-continental sedimentation between
52 Ma and 50.7 Ma, coeval with obduction of the Spontang
and Ladakh arc over the Indian continent (Garzanti et al.,
1987; Searle et al., 1987; Gaetani and Garzanti, 1991; Row-
ley, 1996). An additional unit of interest in this context is the
Indus molasse that overlaps both the Indian and Asian con-
tinents and can therefore be used to constrain the timing of
collision (Clift et al., 2002; Wu et al., 2007). Thus, based
on the presence of the fossil Nummulites, the limestone that
makes up the lower portion of the Indus molasse can be dated
to between 50.8 Ma and 49.4 Ma, implying that collision oc-
curred prior to this time. However, mapping and stratigraphic
work by Henderson et al. (2011) has also suggested that the
Indus Molasse has a faulted-contacted rather than unconfor-
mity-based relationship with the underlying Indian continent

Figure 1            Geological map to show the locations discussed in this paper relevant to dating the timing of collision between India and Asia. Abbreviations (not in
the text): BNS, Bangong-Nujiang suture; GCT, great counter thrust; IYS, Indus-Yalung Tsangpo suture; MBT, main boundary thrust; MKT, main Karakorum
fault; (1) Zhuang et al. (2015); (2) Beck et al. (1995); (3) Ding et al. (2016a); (4) Wilke et al. (2010); (5) Bouilhol et al. (2013); (6) Garzanti et al. (1987);
(7) Clift et al. (2002); (8) Wu et al. (2007); (9) Leech et al. (2005); (10) Fuchs and Willems (1990); (11) Batra (1989); (12) Najman (2005); (13) Jaeger et al.
(1989); (14) Patriat and Achache (1984); (15) Klootwijk et al. (1992); (16) Yi et al. (2011); (17) Achache et al. (1984); (18) Yang et al. (2015a); (19) Hu et al.
(2012); (20) Zhang et al. (2012); (21) Zhu et al. (2005); (22) Najman et al. (2010); (23) Rowley (1998); (24) DeCelles et al. (2014); (25) Ding et al. (2005);
(26) Cai et al. (2011); (27) Hu et al. (2015); (28) Wu et al. (2014); (29) Wang et al. (2011); (30) Hu et al. (2016b); (31) Meng et al. (2012); (32) Chen et
al. (2010); (33) Liebke et al. (2010); (34) Sun et al. (2010); (35) Chen et al. (2014); (36) Huang et al. (2013); (37) Huang et al. (2015a); (38) Huang et al.
(2015b); (39) Ding et al. (2016a), and; (40) Ding et al. (2001).
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Figure 2            Comparison of different timings for the collision between India and Asia as well as events across the THS resulting from the application of different
methods.
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and thus might not be an appropriate choice to constrain the
age of collision between India and Asia.
In Pakistan and Zanskar, an important progress is the dis-

covery of coesite-bearing eclogite. The Kagan eclogite, for
example, is known to have experienced peak metamorphism
between 47 Ma and 46 Ma (Tonarini et al., 1993; Kaneko
et al., 2003; Treloar et al., 2003; Wilke et al., 2010), while
the Tso Morari eclogite in Zanskar experienced early meta-
morphism between 57 Ma and 53 Ma, and peak metamorph-
ism between 47 Ma and 43 Ma (Donaldson et al., 2013).
Combining these ages of peak metamorphism with the sub-
duction velocity of the Indian continent, the initial timing of
India-Asia collision is constrained at 57±1 Ma at Tso Morari
(Leech et al., 2005).
Another important proxy that has been used to constrain

the timing of collision between India and Asia is interconti-
nental faunal migration. Thus, taking into account the ages
of Deccan basalts, Jaeger et al. (1989) proposed that faunal
mixing between India and Asia occurred at Cretaceous-Pale-
ocene boundary, dating the timing of collision to 65 Ma.
Over the last ten years, extensive research based on a range

of different methods has been carried out in the Tethyan Hi-
malaya Sequence (THS) of southern Tibet aimed at more
accurately constraining the age of the collision between In-
dia and Asia. These approaches have included determining
the cessation of marine sedimentation, as well as analyses of
provenance, subsidence history, ophiolite obduction over the
continental margin, and paleomagnetism both in Lhasa and
the THS. However, these methods are all more-or-less related
to the development of the peripheral foreland basin and only
differ from one another in the selection of a specific event,
which occurred during a phase of collision.
Earlier, Rowley (1998) reviewed the stratigraphic section

preserved in the Zhepure Mountain and developed a subsi-
dence history. Relying on the subsidence history of this pre-
served section, Rowley (1998) argued that there is no evi-
dence for an acceleration in subsidence up to the youngest
rocks. Therefore, collision-related loading and accelerated
subsidence must post-date preservation of the youngest sed-
iments in this sequence, dated to as early as the Lutetian.
Hence, Rowley (1998) argued that accelerated subsidence of
the Zhepure Mountain must post-date ca. 45.8 Ma. This
study was re-visited more recently by Zhu et al. (2005), who
carried out a provenance analysis on the same section and
noted a switch in source from the Indian to Asian plate ca.
50.8 Ma. Additional biostratigrahic data collected by Naj-
man et al. (2010) indicates that the youngest marine deposits
preserved in the Zhepure Mountain are between 52.8 Ma and
50.6 Ma; these data, combined with double-dating of detrital
zircons, show that the initial deposition of detritus in this for-
mation that has an Asian-affinity occurred between ca. 52.8
Ma and 50.6 Ma. This date also provides an initial age for the

collision between India and Asia. Another revised biostrati-
graphic model has proposed a ca. 56 Ma age for a conglom-
erate within the Zhongpu Formation that was deposited in a
forebulge zone of the foreland basin system (Zhang et al.,
2012); this also predates the timing of the collision between
India and Asia. In addition, Hu et al. (2012) proposed that
both coherent and conglomerate units within the Zhongpu
Formation formed a part of the forebulge and thus constrained
the oldest age of this sequence, 62Ma, to that of the collision.
Recently, detailed studies carried out in the Yarlung Zangpo

peripheral foreland basin have also made a great contribu-
tion to an improved understanding of the timing of this colli-
sion. For example, a great deal of research in this basin has
been focused on the Sangdanlin section, a classical example
of a foreland basin sequence that has captured the attention
of numerous geologists around the world. As discussed be-
low, although minor controversy remains, it is now widely
accepted that this sequence provides evidence that the colli-
sion between India and Asia took place 10 Ma to 15 Ma ear-
lier than previously thought (DeCelles et al., 2014; Ding et
al., 2005; Hu et al., 2015; Wu et al., 2014).
Finally, contrasting with exposures of eclogite in the west-

ern syntaxis of this collision, this rock type is generally ab-
sent across the eastern syntaxis. However, granulites found at
many sites evidence a wide range of metamorphic ages (Ding
et al., 2001). Recent studies have shown that metamorphic
rocks in the eastern Himalayas underwent medium-pressure
metamorphism in the early Eocene, between 48 Ma and 45
Ma, which is indicative of collision between India and Asia.
Thus, in combination with metamorphism conditions, these
data suggest an age of 50 Ma for the collision (Ding et al.,
2016a).

4.    Research progress regarding the initial tim-
ing of the collision between India and Asia

As discussed above, while a number of methods have been
applied to constrain the initial timing of continental collision,
provenance analysis of the peripheral foreland basin and pa-
leomagnetism have proved the most effective (Table 1).

4.1    Tectono-sedimentary responses to the initial collision

4.1.1  Deformation of the northern THS in the early colli-
sional stage

Deformation of the subducting continent took place imme-
diately after complete subduction of the oceanic lithosphere.
Thus, in response to collision with Asia, the Indian continent
experienced deformation. As a result, the island arc, accre-
tionary complex, and trench strata of the southern Asian mar-
gin were emplaced onto northern India during the latest Cre-
taceous (Tapponnier et al., 1981; Ding et al., 2005; DeCelles
et al., 2014; Hu et al., 2016b; Wang et al., 2017), which led
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to the development of tectonic flexure in the northern Indian
continental margin as well as the formation of the first pe-
ripheral foreland basin system (Ding et al., 2005, 2009; De-
Celles et al., 2014). In the central section of the YTSZ, the
foreland thrust-fold belt related to this initial basin system
is the Zhongba-Gyangze thrust (ZGT), which acted as a part
of the collision boundary fault system. The hanging wall of
the ZGT fault, a Neo-Tethyan subduction accretionary com-
plex, is penetrated by primary fold (F1) foliation and kink
band structures (Wang et al., 2017). Thermochronological
40Ar-39Ar dating of amphiboles and micas from the ductile
shear zone of the ZGT fault indicate activity between 71 Ma
and 60 Ma (Ding et al., 2005; Wang et al., 2017). In the
Namche-Barwa region of the eastern Himalayan syntaxis, the
boundary fault that marks collision between India and Asia
probably includes both the Pailong-Layue and Dongjiu-Milin
strike-slip thrusts that both exhibit well-developed mylonitic
fabrics comprising amphibolite facies and medium-high tem-
perature quartz slip systems (Zhang et al., 2004; Xu et al.,
2012). Results from 40Ar-39Ar amphibole cooling ages and
U-Pb dates from syn-tectonic zircons suggest that these faults
were active between 62 Ma and 54 Ma (Zhang et al., 2004;
Xu et al., 2012).
Data show that foreland flexure resulting from the collision

between India and Asia gradually migrated southwards into
the Indian hinterland. During the early Eocene, a second pe-
ripheral foreland basin system was established as the thrust
front migrated into the Kangma-Gyiong thrust (Ratschbacher
et al., 1994) and the foredeep depo-center switched into the
Gamba-Tingri basin (Willems et al., 1996; Ding et al., 2009;
Hu et al., 2012; Zhang et al., 2012; DeCelles et al., 2014). In-
deed, as this foreland thrust front advanced, a series of vergent
folds orientated to the south formed on the northern Indian
continental margin, constituting a typical foreland thrust-fold
belt (Burg and Chen, 1984; Ratschbacher et al., 1994). The
ZGT fault and the first foreland basin were both involved in
this stage of deformation (Ding et al., 2005); K-Ar dating
of white micas from this thrust-fold belt in the Renbu area
reveals that this stage of deformation occurred ca. 50 Ma
(Ratschbacher et al., 1994). Thickening of the crust during
this stage of deformation triggered high-grade metamorph-
ism and partial melting at deep structural levels, between 48
Ma and 43Ma (Ding et al., 2005, 2016a; Aikman et al., 2008;
Zeng et al., 2011). These dates can be used to constrain the
time of activity of the second stage of collisional deformation.
The lower crust that forms the leading edge of the passive

continental margin was subducted, or underthrusted, during
the process of collision, while the upper crust was deformed
and ultimately formed the thrust-fold belt that migrated to-
wards the hinterland of the passive continental margin. It
should be noted that contraction and deformation structures in
plate suture zones could have been initiated by island arc-con-
tinent collision; thus, the underlying causes of these tectonics

must form the subject of future research projects. In addi-
tion, because the structures that characterize this early defor-
mation stage might be brittle and/or ductile, this creates diffi-
culties in the determination of actual deformation time. Even
in well-developed ductile shear zones, uncertainties still ex-
ist in explaining some thermochronological data, for example
Ar-Ar ages. Thus, in order to precisely constrain the time of
initial collision, tectonic deformation should be coupled with
sedimentary evidence from peripheral foreland basins.

4.1.2  Development of a peripheral foreland basin system
The development of a peripheral foreland basin system in
the collision zone directly marked the continental collision
(Ding, 2003; Ding et al., 2009). Conventional studies have ar-
gued that a peripheral foreland basin system was only devel-
oped along the southern flank of the Himalayas, represented
by the Miocene-Pliocene Siwalik Group. However, Ding
(2003) identified a second peripheral foreland basin system
formed immediately to the south of the YTSZ, the Yarlung
Tsangpo foreland basin system. Compared with other Ceno-
zoic examples, however, the Yarlung Tsangpo foreland basin
system developed much closer to the suture zone and much
earlier than its counterparts within the Himalayan orogen.
Recent studies have also indicated that the Yarlung Tsangpo

foreland basin system first developed between 65 Ma and 60
Ma (Figure 3a; Ding, 2003; Ding et al., 2005; Cai et al., 2011;
Wang et al., 2011; DeCelles et al., 2014; Wu et al., 2014; Hu
et al., 2015). In the Saga region, the sedimentary environ-
ment of the Tethyan Himalayan sequences changed from the
Indian passive continental margin to a foredeep depozone of
peripheral foreland basin at about 65 Ma. The synchronous
peripheral foreland basins also developed in the Gyangze re-
gion to the east (Cai et al., 2011; Wu et al., 2014).
The Sangdanlin section in the Saga region, located in the

northern Tethyan Himalayas (THS), comprises the most
representative section for research on the initial timing of
continental collision. The first detailed work to be carried
out in this area included analyses of the structure, biostratig-
raphy, and sedimentary provenance of this section (Ding,
2003). This section is subdivided into the late Cretaceous
Zhongzhuo Formation that consists of limestones and quartz
sandstones, the Paleocene (Danian-Thanetian) Sangdanlin
Formation that consists of radiolarian cherts, and the overly-
ing Zheya Formation that consists of clastics. Specifically,
the Zhongzhuo Formation is composed of siliceous shales,
cherts, and quartz sandstones, the latter of which comprise
typical turbidity deposits derived from the Indian passive
continental margin, while the Sangdanlin Formation con-
sists of cherts and siliceous shales. Studies on radiolarians
have constrained the age of the Sangdanlin Formation to
Paleocene-early Eocene, between 65 Ma and 55 Ma) (Ding,
2003). Although this formation contains typical foredeep de-
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Figure 3            Comparison of the evidence for the existence of an epicontinental sea and foreland arc basin in front of the Indian-Asian collision belt, including
(a) scenario for collision between India and Asia, and (b) an example from present-day Australia and Papua New Guinea.

posits characteristic of a foreland basin, the small proportion
of detrital materials suggests that it was starved of sediments
during the Paleocene. In contrast, the Zheya Formation is
mainly composed of flysch sediments interbedded with con-
glomerates that are characteristic of turbidites, channel, and
wedge-slope deposits.
Although a number of research projects have been carried

out in the Saga area aimed at constraining the initial timing
of the collision between India and Asia, each has reached a
slightly different conclusion. For example, Ding et al. (2005)
studied the sedimentary environments of this region and ob-
served an environmental change between 65 Ma and 63 Ma
related to the switch between the Indian passive continen-
tal margin and the starved peripheral foreland basin. While
Ding et al. (2005) suggested that collision took place ca. 65
Ma. Wu et al. (2014) studied the area in more detail to de-
termine the sedimentary provenance of detrital zircons. This
latter study indicated that sediments of the Sangdanlin Forma-
tion were derived alternately from the Indian and Asian con-
tinents, and suggested an earlier time for the first appearance
of Asian clastics. Thus, combined with a series of younger
detrital zircon (i.e., 62±1 Ma and 57±2 Ma) and synchronous
radiolarian ages (i.e., RP4; between 63 Ma and 61 Ma), Wu
et al. (2014) argued that the date of the collision was ca. 60
Ma. In contrast, DeCelles et al. (2014) reported on a volcanic
tuff at the top of the Zheya Formation within the Sangdanlin
section which yielded a U-Pb age of 58.5 Ma. Taking into ac-
count that the age of the youngest Asian detrital zircon is 60.6
Ma, DeCelles et al. (2014) therefore considered the collision
occurred between 60.6 Ma and 58.5 Ma. Hu et al. (2015) re-
worked both the paleontological chronology and detrital zir-
con geochronology of these strata, achieving similar results
to DeCelles et al. (2014) andWu et al. (2014), and constrain-
ing the time of initial collision to 59±1Ma. In sum, if the time
of initial collision can be constrained by the first appearance
of Asian clastics in the foredeep region of the foreland basin

system, then continental collision must have occurred earlier
than a time between 60 Ma and 59 Ma. However, if integra-
tion of the initiation of foreland basin formation and tectonic
deformation turns out to be more sensitive to continental col-
lision than alternation of provenance, then the initial collision
between India and Asia can be said to have occurred between
65 Ma and 63 Ma.
The pure quartz sandstones of the early Paleocene Jidula

Formation in the Gamba-Tingri region were clearly derived
from the Indian continent, while the late Paleocene Zongpu
Formation comprises nodular limestone deposits containing
slump structures (Wan et al., 2001; Li et al., 2002) which im-
ply emplacement of the forebulge after formation deposition
(Zhang et al., 2012). Similarly, the Eocene Zhepure Forma-
tion comprises mudstones interbedded with lithic sandstones
(Wang et al., 2002; Zhu et al., 2005); analyses show that
the detrital materials in this Formation were transported from
northern THS strata which were involved in the thrust-fold
belt and suture zone, for example theGangdese arc (Zhu et al.,
2005). The Zhepure Formation therefore represents foredeep
deposits subsequent to the passage of the forebulge; foreland
basins in the Saga-Gyantze region must have been involved
in the thrust-fold belt at that time, while the foredeep of the
foreland section of this belt transferred to the Gamba-Tingri
region in southern Laguigangri (Ding et al., 2009).
In sum, the oldest peripheral foreland basin formed in the

northernmost THS as a consequence of southward emplace-
ment of the accretionary complex and trench strata from the
southern Asian margin moving onto the northern Indian mar-
gin between 65 Ma and 63 Ma. Thus, foredeep sedimentary
units correspond to the Sangdanlin Formation in the Saga re-
gion, while forebulge migration into the Gamba-Tingri re-
gion resulted in formation of nodular limestones. Based on
these studies of peripheral foreland basins and the foreland
thrust-fold belt, the time of the initial collision between India
and Asia can be constrained to ca. 65 Ma.
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4.1.3  Cessation of marine sedimentation
The transition from marine-to-terrestrial facies has been used
as an indicator to constrain the timing of the collision between
India and Asia in the 1980s and 1990s (e.g., Searle et al.,
1987). Across the western syntaxis, the Balakot Formation,
dated to between 55 Ma and 50 Ma, is the oldest terrestrial
foreland basin deposit to be interpreted as a marker of this
collision (Bossart and Ottiger, 1989). In the Zanskar region
to the east, however, this marine-to-terrestrial facies transi-
tion is recorded in the early Eocene Chulung La Formation
of the THS and also marks the onset of collision (Gaetani
and Garzanti, 1991; Rowley, 1996). Paleontological stud-
ies have constrained the cessation of marine sedimentation
to no later than 50.5 Ma (Critelli and Garzanti, 1994), while
in the Tingri area, Rowley (1996) pointed out that the avail-
able duration for shallow shelf carbonate formation was be-
tween 47.8 Ma and 41.2 Ma (Lutetian). Because these data
indicate that the cessation of marine sedimentation occurred
subsequent to the Lutetian, Rowley (1996) proposed a later
collision time between 47 Ma and 45 Ma, further suggesting
that a diachronous event took place from west to east. Subse-
quent work on microfossils (Wang et al., 2002), however, has
constrained the age of the youngest marine strata in the Tin-
gri region to the late Eocene, ca. 34 Ma, while on the basis
of both foraminifera and microfossils, other researchers have
considered the youngest marine strata to be dated between
53.5 Ma and 50.6 Ma (Zhu et al., 2005; Najman et al., 2010).
However, because the deposition of marine sediments

would not have ended immediately after the onset of col-
lision, the age of these strata only reflects an upper bound
on collision time, limiting the application of this approach.
Marine deposition in a remnant ocean and/or a peripheral
foreland basin can still take place even after collision be-
tween two plates and the subduction of oceanic crust, as in
present-day northern Australia, for example (Figure 3b). In
this example, after collision between Australia and Papua
New Guinea between 15 Ma and 12 Ma (Hall, 2012), the
Arafura epicontinental sea formed in the collision foreland
along the northern margin of Australia continent. The Ara-
fura Sea is analogous to the Tibetan Tingri epicontinental
sea (Figure 3a), has an average depth of ca. 50 m, and
connects the Indian and Pacific Ocean to the west and east,
respectively.

4.2    Paleolatitudes during the initial collision between In-
dia and Asia

Augmenting the peripheral foreland basin method, data from
paleomagnetism can be used to effectively quantify the pa-
leolatitudes of plates and to constrain where, and when, they
collided. Over the last two decades, a large number of pa-
leomagnetic studies have been carried out across the greater

Indian and Asian regions.

4.2.1 Paleolatitudes of Greater India (GI) and the Tethyan
Himalaya

Because GI played a key role in the evolution of the Ti-
betan-Himalayan mountain region, many studies have been
carried out in this region, building on the early work of Ar-
gand (1924). Understanding the size and paleolatitude of GI
is crucial to constraining the age of initial Indian and Asian
contact, uplift history of the TP, and estimating the amount of
crustal shortening. Thus, in the first place, we introduce the
relevant definitions for GI and the present-day Indian plate.
Indian plate rocks can be divided into two types: those cur-
rently attached to the craton, i.e., south of the Main Boundary
Thrust (MBT), and those north of the fault and south of the
Yarlung Tsangpo suture zone (Ali and Aitchison, 2005). GI
can thus be defined as the region to the north of the Indian
plate, including under-thrusted Indian lithosphere and crustal
shortening in the Himalayan mountain belt (Ali and Aitchi-
son, 2005).
Although a number of reconstructions for GI are available,

the model presented by Ali and Aitchison (2005) seems most
plausible. These workers analyzed the pre-break-up position
of GI within Gondwana, as well as the bathymetry of the In-
dian Ocean west of Australia, and suggested that the Indian
continent probably extended for no more than 950 km (Ali
and Aitchison, 2005).
The Indian Ocean is notable for the presence of a num-

ber of submerged bathymetric promontories that extend out
from the western coasts of Australia. From south to north,
these promontories include the Naturaliste plateau, the Wal-
laby-Zenith (W-Z) plateau, and the W-Z fracture zone. Of
these, the latter in particular is important for constraining the
evolution of GI because oceanic crust is located to the south
while continental crust of the W-Z plateau is found to the
north (Brown et al., 2003). This pattern of crustal rocks im-
plies that the ridge of the W-Z plateau controls the existence
of GI to the east, constraining not just this margin but also
to the north and northwest. Thus, in this paper, we apply the
definition of GI proposed by Ali and Aitchison (2005) which
similar to Hall (2012) that is slightly northward extending
(Figure 4).
Because the THS are generally regarded to be the northern

region of GI, determining the paleolatitude of this feature is
also key to constraining the age of the initial collision between
India and Asia. To date, a handful of paleomagnetic studies
have been carried out on early Cenozoic rocks from the THS,
including Patzelt et al. (1996) who reported on the presence
of two poles in late Cretaceous-to-Paleogene strata from the
Gamba and Duila regions. These two poles come from rocks
of the Zhongshan Formation, dated to between 71 Ma and 65
Ma, and rocks of the Zhongpu Formation, dated to between
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Figure 4            The paleoposition of GI subsequent to detachment from Gondwana. This figure also shows the eastern extent of GI (Ali and Aitchison, 2005; Hall,
2012).

63 Ma and 55 Ma, and yield paleolatitudes of 4.4°±4.4°S and
5.8°±3.8°N, respectively. In a similar paleomagnetic study,
Yi et al. (2011) reported results from Zhongpu Formation
limestones in the Gamba region. These results show that the
paleolatitudes of the THS between 62 Ma and 59 Ma and
between 59Ma and 56Mawere 7.1°±3.5°N and 11.8°±2.5°N,
respectively. Van Hinsbergen et al. (2012) later re-analyzed
published Cretaceous paleomagnetic results from the Lhasa
and Tethys Himalayan blocks and suggested that a ca. 2675
km Greater India basin (GIB) was accommodated between
the THS and cratonic India. This result was corroborated by
another recent paleomagnetic study carried out by Yang et al.
(2015a).

4.2.2  Paleolatitudes of the southern margin of Asia
A large number of paleomagnetic studies have been carried
out in recent decades on Cretaceous-to-Eocene lavas and sed-
iments from the Lhasa block (Pozzi et al., 1982; Westphal
and Pozzi, 1983; Achache et al., 1984; Lin and Watts, 1988;
Chen et al., 2010, 2012, 2014; Sun et al., 2010, 2012; Tan et
al., 2010; Huang et al., 2013, 2015a; Tang et al., 2013; Ma et
al., 2014; Li et al., 2015; Li et al., 2016; Yang et al., 2015b).
However, large discrepancies remain between reported late
Cretaceous-to-Eocene paleolatitudes, encompassing a range

between 7°N and 32°N and corresponding to a large varia-
tion in initial collision-age estimates for India and Asia, be-
tween 65 Ma and 43 Ma. The reasons that underlie such a
variation in published paleolatitude estimates include com-
pacted sediments (Gilder et al., 2001; Kodama, 2012; Tauxe,
2005; Yan et al., 2005), the incomplete field characterization
of lavas (Sun et al., 2012), re-magnetized rocks (Huang et
al., 2015a), and the use of inappropriate statistical methods
(Lippert et al., 2014). Indeed Ma et al. (2014) and Yang et
al. (2015b) reviewed published Cretaceous paleomagnetic re-
sults for the Lhasa block, identified 116 volcanic sites, and
re-calculated the Cretaceous paleolatitude of this unit at ca.
15°N. Published paleomagnetic data from well-dated sedi-
mentary rocks and lavas within this block have also been
re-evaluated within a statistically consistent framework in or-
der to assess the latitudinal history of southern Tibet (Lip-
pert et al., 2014). These workers suggested that the Lhasa
block was located at between ca. 16°N and 22°N during the
Cretaceous-to-Paleogene and that it moved northwards to its
present position since contact between the Indian and Asian
plates. In sum, a lower latitude reconstruction (ca. 15°N) for
the Lhasa block seems reasonable for the late Cretaceous-Pa-
leogene. Most recently, a combined geochronologic and pa-
leomagnetic study was carried out on upper Cretaceous vol-
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canic rocks from the Shiquanhe and Yare basins within the
westernmost Lhasa block (Yi et al., 2015). Comparison of
the results of this study (Yi et al., 2015) with earlier work
indicates that the southern margin of Asia probably had a
quasi-linear orientation, trending approximately 310°, prior
to the collision between India and Asia.
A comparison of paleolatitudes from the northern margin

of India with those from the southern margin of Asia is crit-
ical if we are to constrain the age of the initial collision be-
tween India and Asia (Yi et al., 2011; Lippert et al., 2014;
Huang et al., 2015a, 2015b). Most probably, the Lhasa block
remained at around 15°N throughout the late Cretaceous-Pa-
leogene, while comparisons of estimated paleolatitudes for
Lhasa with the results of Yi et al. (2011) for the Gamba area in
the THS imply that the age of the initial collision was as early
as 52 Ma, which is probably the youngest age constrained by
paleomagnetic data (Hu et al., 2016a). If the northwards ex-
tension of GI and the shortening of the THS amount to 950 km
(Ali and Aitchison, 2005) and between 120 km and 150 km
(DeCelles et al., 2002), respectively were considered, then
the initial age of Indian and Asian contact should be between
65 Ma and 60 Ma (Yi et al., 2011).

4.3    Magmatism of the THS during the early stage of col-
lision

The Himalayan orogenic belt is characterized not only by
widespread exposures of Oligocene-Miocene leucogranites
but also abundant middle Eocene granites (Ding et al., 2005;
Wu et al., 2015). These granites are distributed in a linear
belt along the south of the YTSZ, emplaced in the north of
the THS, from the Xiao Gurla range in the west (ca. 43.9±0.9
Ma; Pullen et al., 2011), to Niuku near northeastern Zhongba
(ca. 44.8±2.6 Ma; Ding et al., 2005), in Ramba pluton near
eastern Renbu (ca. 44 Ma; Liu et al., 2014), and in the Yadoi-
Dala-Quedang area in the east (between ca. 46Ma and 42Ma;
Aikman et al., 2008, 2012; Qi et al., 2008; Zeng et al., 2011,
2014; Hou et al., 2012). Intrusions of these Eocene granites
mainly truncate through early stage fold structures; for exam-
ple, they are emplaced in the core of folds in the Niuku and
Xiao Gurla ranges (Ding et al., 2005; Pullen et al., 2011), as
well as into the cores of gneiss domes or cross-cut through
upper Triassic sub-greenschist metasediments in the Yardoi
area (Aikman et al., 2008).
Eocene two-mica granites, which occur in the core of the

Yardoi gneiss dome, as well as at Dala and Quedang, have
mainly high SiO2 (i.e., 68.3 wt.% to 74.8 wt.%), and Al2O3

contents (i.e., 13.4 wt.% to 17.0 wt.%, mostly greater than
15 wt.%), as well as high A/CNK ratios (between 1.0 and
1.3) (Xie et al., 2010; Zeng et al., 2011, 2014; Hou et al.,
2012). In addition, these two-mica granites are also rich in
Na (i.e., Na2O/K2O values between 0.95 and 1.42), moder-
ate-to-high rare earth element (REE) concentrations (REE

values between 80 ppm and 180 ppm), fractionated REE pat-
terns (i.e., La/Yb values between 17 and 126, with an average
of 52), and weak Eu anomalies (i.e., Eu/Eu* values between
0.57 and 1.71, with an average of 0.83). In addition, these
granites tend to have high Sr contents (i.e., values between
252 ppm and 1564 ppm, with an average of 358 ppm), Sr/Y
ratios greater than 40, La/Yb ratios greater than 30, as well
as low Yb (between 0.25 ppm and 0.78 ppm) and Y (between
3.30 ppm and 8.77 ppm) contents, identical to the geochem-
ical features of adakites (Figure 5). Synchronous porphyritic
two-mica granites from the Ramba dome exhibit similar geo-
chemical features (Liu et al., 2014), including significantly
enriched Sr-Nd isotopic compositions (i.e., 87Sr/86Sr(i) val-
ues between 0.707696 and 0.719344, εNd(t) values between
8.97 and 14.94, and TDM2 values between 1.49 Ga and 2.05
Ga), similar to leucogranites from the Himalayas (Zeng et al.,
2011; Hou et al., 2012; Liu et al., 2014). Most researchers
agree that these granites are derived from partial melting of
thickened lower crust, a source region that is dominated by
garnet amphibolites (Xie et al., 2010; Zeng et al., 2011, 2014;
Hou et al., 2012; Liu et al., 2014). As these Eocene gran-
ites represent the earliest stage of magmatism from during
the collision between India and Asia in the northern THS,
they are related to the Neo-Tethyan slab break-off process
that was a response to subducted slab roll-back (Pullen et al.,
2011; Zeng et al., 2011; Hou et al., 2012). Such a process
has also recently been proposed to explain the presence of
Eocene volcanism in the southern Lhasa terrane; Ji et al.
(2016) recently reported on the discovery of Eocene OIB-like
gabbros (45.0±1.4 Ma) from the eastern segment of the THS
in southern Tibet, representing the direct evidence for partial
melting of the asthenosphere. Combining their results with
those of other studies, Ji et al. (2016) further confirmed that
Neo-Tethyan slab break-off was almost synchronous along
the  entire  length  of the YTSZSZ during the middle Eocene

Figure 5            Geochemical characteristics of Eocene magmas in the THS dur-
ing the time of early collision.
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(ca. 45Ma). The presence of these coeval granites are related
to thermal perturbations caused by Neo-Tethyan slab break-
off, while Eocene magmatism in the THS also suggests that
the collision between India and Asia was initiated earlier than
ca. 45 Ma.

5.    Collision patterns and suturing processes
between the Indian and Asian continents
The processes of continental collision are complex, as some
margins are straight while others are more intricate, compris-
ing continental marginal arcs, island arcs, micro-continental
massifs, and marginal seas. Initial collisions commence at
the bulge between two continents, and while further conver-
gence takes place, collision migrates into open oceanic litho-
sphere and is characterized by massive overthrusting and lat-
eral strike-slip movements. When the oceanic lithosphere
within subduction zone has been completely subducted, and
collision deformation has been transferred to both sides of the
respective continents, overall collision can be said to have

been initiated. Similarly, the process from initial to overall
collision is defined as ‘soft collision’, while the period sub-
sequent to overall collision is referred to as ‘hard collision’
(Figures 3a and 6).
Debates over the pattern and process of collision between

India and Asia focus on whether this event encompassed one,
or two, stages. In the context of the latter hypothesis, two
models for two stage collision have been proposed, intra-
oceanic subduction and the GIB models. Of these, the first
suggests that Neo-Tethys was consumed by the combined ef-
fect of intra-oceanic subduction as well as subduction along
the Lhasa terrane. The idea of an intra-oceanic island arc was
first proposed in the 1980s (Allégre et al., 1984), but detailed
research on this idea was not published until more recently. In
relation to Tibet, Aitchison et al. (2000) considered a suite of
late Jurassic basic volcanic and siliceous rock in the Zedong
area to be the remnants of a Neo-Tethyan intra-oceanic island
arc. The Yarlung Tsangpo ophiolite was treated as a forearc
ophiolite and the Bailang block that lack of terrigenous clast
was treated as the oceanic subduction mélange. This island-

Figure 6            Competing models to explain the processes of collision between India and Asia, including (a) the GI model, (b) the GIB model, and (c) the extent
of the foreland basin between the Paleocene and Eocene.
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arc system is analogous to the modern Izu-Bonin-Mariana in-
tra-oceanic arc system where the Pacific plate is subducting
beneath the Philippine Sea plate (Aitchison et al., 2007b).
Aitchison et al. (2007a) criticized the widely-accepted view
that collision between India and Asia occurred between 55
Ma and 50 Ma, instead arguing that this event was simply
a bi-product of another collision between this intra-oceanic
island arc and the Indian continental margin. Evidence for
this hypothesis comes from the fact that the northern margin
of GI (ca. 14°N; Ali and Aitchison, 2005) was located far
away from the southern margin of the Asian continent at this
time (ca. 28°N; Ali and Aitchison, 2006). Aitchison et al.
(2007a) went further to postulate that both the island arc and
Indian continental plate continued drifting northwards after
collision, colliding with Asia at about 34 Ma. The argument
is potentially corroborated by the cessation of marine sedi-
mentation along the northern margin of the Indian plate, the
emergence ofmolasse-type deposits, and the end of Gangdese
magmatism.
However, key evidence cited in support of the intra-oceanic

island arc model remains problematic for several reasons (Hu
et al., 2016a). The geochemical characteristics of Zedong is-
land arc rocks exhibit no apparent differences to those in the
Gangdese arc, while no ophiolites or mélanges are present
in the north of Zedong island arc which can categorically
be linked to remnant ocean (Hu et al., 2016a). As a result,
the Zedong island arc more likely belongs to the Gangdese
arc rather than representative of an independent intra-oceanic
system (Zhang et al., 2014). The paleogeographic reconstruc-
tion produced by Abrajevitch et al. (2005) based on ophiolite
paleomagnetic data showed a pronounced bias towards shal-
low inclinations, and thus resulted in lower paleolatitudes.
This reconstruction based on a published APWPs placed the
southern Asian margin at 28°N in about 50Ma, a location that
is 8° higher than actual paleomagnetic data (Aitchison et al.,
2007a). A more reliable paleomagnetic reconstruction places
this ophiolite formation closer to the margin of Asia rather
than within an oceanic environment (Huang et al., 2015c),
and this result suggests that the paleogeographic position of
India andAsia have overlappedwith one another since at least
50 Ma (Liebke et al., 2010; Lippert et al., 2014).
The GIB model was proposed by van Hinsbergen et al.

(2012) based on the presence of a distinctive paleolatitude
discrepancy between the THS and the India craton. These
two blocks were connected during the earliest Cretaceous, but
between 120 Ma and 70 Ma the THS drifted ca. 24° (i.e., ca.
2,675 km) northwards relative to the Indian craton (van Hins-
bergen et al., 2012). Although Yi et al. (2011) considered this
to be simply a marked extension of the northern margin of
GI, van Hinsbergen et al. (2012) argued that this expansion
eventually created the GIB. Indeed, approximately 50Ma, the
THS separated from India as an independent block and col-
lided with the southern margin of Asia; this was followed by

subduction of the GIB along the main central thrust (MCT)
(van Hinsbergen et al., 2012), a conclusion supported by the
most recent research on early Cretaceous paleomagnetism of
the THS (Yang et al., 2015a).
The comprehensive review published by DeCelles et al.

(2014) regarding the GIB model noted that early Cretaceous
volcanic rocks that represent the extension of India were only
present within the THS zone rather than across the lesser Hi-
malayas which represent the Indian cratonic margin. No sedi-
mentary record of the GIB remains in this region; if it existed,
the position of its last suture zone should be located beyond
the northern of the southern Tibet detachment system (STDS)
rather than the MCT. In addition, provenance research in-
dicates that detritus from the THS was deposited in the In-
dian foreland basin, within the region of the lesser Himalayas,
around 45 Ma, while no such Asian sedimentary record (e.g.,
the Amile Formation of Nepal) (DeCelles et al., 2004; Fig-
ure 6) has been found in this region. Data show that the time
of collision between the Indian craton and the Tethyan Hi-
malayan block should have commenced before 45 Ma rather
than between 37 Ma to 40 Ma, or by the even later date of
25 Ma. This result explains the presence of crustal shorten-
ing, burial metamorphism, and anatectic melting seen within
the THS and the high Himalayas (DeCelles et al., 2014; Ma et
al., 2016). Detailed work on detrital zircons from Pakistan by
Ding et al. (2016b) has shown that Asia was the provenance
source region at Balakot region in south of Main boundary
Thrust (MBT) in India during the earliest Eocene, 55Ma (Fig-
ure 6a and c), whichmeans that suture zones both the GIB and
the Indus must have already closed before this time (Figure
6c).
Provenance research on Sangdanlin strata from the Saga

area in the middle of the YTSZ demonstrates that the fore-
land basin was deposited on top of Maastrichtian pure quartz
sandstones of the Zhongzhuo Formation, typical gravity flow
sediments of the Indian passive margin (Ding, 2003; Ding
et al., 2005, 2009; DeCelles et al., 2014; Wu et al., 2014;
Hu et al., 2015). Because the Paleocene Jidula Formation
in the Gamba-Tingri area also comprises pure quartz sand-
stones of Indian affinities (DeCelles et al., 2014), suggested
that the GIB could not have existed prior to the deposition of
this lithology, ca. 65 Ma.
Explaining the late Cretaceous-Eocene sedimentary record

of the Sangdanlin-Tingri areas in Tibet and in the Balakot area
of Pakistan, located to the north and south of theMCT and the
STDS respectively, requires that the GIB opened later than
ca. 65 Ma, and closed earlier than ca. 55 Ma. It is impossible
to complete a Wilson cycle from ocean expansion to closure
within 10 Ma (i.e., between 65 Ma and 55 Ma). Thus, the
most parsimonious explanation is that the GIB did not exist;
indeed, the fact that this structure, sometimes referred to as
the ‘intercontinental basin’, has been inferred on the basis of
paleomagnetic data is most likely related to counter-clock-
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wise rotation of GI during the Cretaceous. This rotational
effect led to a relative paleolatitudal change with respect to
India and the THS (Figure 4) (Klootwijk et al., 1992; Wang
et al., 2014; Zhang and Huang, this volume). Nevertheless,
Huang et al. (2015b) argued that this was not enough to equal-
ize the latitude discrepancy.
Compared to a two-stage model, a single stage hypothe-

sis proposes that collision between India and Asia resulted
from Neo-Tethyan lithosphere subduction along the southern
margin of Asia without the development of an intra-oceanic
subduction zone or an island arc. Thus, subsequent to the
closure of this subduction zone, the northern margin of India
collided directly with the southern margin of Asia (Yin and
Harrison, 2000). We therefore consider that a single stage
model is more feasible as it is consistent with sedimentary,
metamorphic, and magmatic rock records.

6.    Conclusions

Continental collision refers to the orogenic processes during
which an active margin and accretionary wedge load onto a
passive margin to form a peripheral foreland basin system.
This emplaces residual oceanic crust as a tectonic ophiolite at
the collision site, while, at the same time, strong deformation,
metamorphism, and magmatism occur on both sides of the
continental lithosphere and suture zone. Taking into account
the complexity of processes across the transition from a soft
to hard continental collision, if this event was defined by an
initial contact to convergence halt between India and Asia,
then the whole sequence would have lasted almost 100 Ma.
In practice, however, scholars from different geoscience

disciplines have tended to define this event from the point-
of-view of their own research, leading to a wide range of es-
timates for the initial collision time between India and Asia.
In this study, we have recommended combining a range of
multidisciplinary geoscience research as well as a number of
authentication methods to study and date this event. In addi-
tion, future efforts must bemade to reconstruct thewhole evo-
lutionary sequence of this collision as well as to place events
into a distinct time series.
Recent research has shown that the initial collision be-

tween India and Asia took place within the central section
of the YTSZ between 65 Ma and 63 Ma, then spreading
diachronously outwards towards both the eastern and west-
ern Himalayas. This contrasts with the previously generally
accepted model which postulated an initial collision in the
western Himalayas at 55-50 Ma then systematically shifted
eastwards.
Paleomagnetic studies suggest that the Lhasa block was lo-

cated between ca. 16°N and ca. 22°N during the Cretaceous
and Paleogene, and that it drifted northwards to its present
latitude at ca. 30°N subsequent to initial contact between the

India and Asian plates. The GIB model, based on an exten-
sion of paleomagnetism, has not been confirmed by geolog-
ical evidence; a change in the relative paleolatitude of India
and the THSmay be the result of counterclockwise rotation of
GI during the Cretaceous rather than north-south extension.
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