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ABSTRACT

The East Vietnam Sea (EVS) or the South China Sea (SCS in this paper) is one of the best-studied basins in
the world and one of the largest marginal basins. If the mechanisms of rifting and spreading are well
documented and invoke many specific aspects of structure and evolution, it has nevertheless been highly
controversial in terms of its relationships with the neighboring basins; some of which have partly or entirely
disappeared. This paper recapitulates the critical structural elements, such as the localization of magmatic
activity and rifted basins from the Cretaceous to the Present, to evaluate the arguments for the
reconstructions. We begin with the location of the Cretaceous magmatic arc along the Vietnam and China
margins to discuss the setting and timing of the subduction of an oceanic domain which is unlikely to be the
Proto South China Sea (PSCS) itself. This evolution raises the question of the existence and modalities of
docking of the Argo and Luconia blocks and requires an intensive stretching of this early docked continental
basement before seafloor spreading in the PSCS and the Celebes Sea from the end of Cretaceous to the
Oligocene. The SCS was the latest basin to open within the continental margin and is believed to have
developed within the downgoing plate. The crustal blocks separated by rifting and sea-floor spreading were
later shortened from the Early Miocene to the Present, leaving the appearance of a complex tectonic system.
This exercise indicates simple solutions which had not been stated previously, such as the possible
connection between the Tethys Ocean and an oceanic domain between the PSCS and the coastal regions of
China and Vietnam. The PSCS developed later toward the South, probably in a back-arc position, and the
EVS opened amid this system intrinsically linked to the subduction of the PSCS.
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INTRODUCTION,;
BASINS OF SE ASIA

THE MARGINAL

The East Vietnam Sea is one of the best-
studied basins in the world due to its economic
importance, especially in oil and gas. It now
serves as a textbook example to illustrate the
mechanisms of rifting and spreading of a
marginal basin floored partly by oceanic crust.
In addition to the V shape oceanic crust
(Figure 1a), it is characterized by a wide
magma-poor passive continental margin [1-3].
It is also characterized by limited ocean floor
spreading, which allows relatively easy margin
correlations over short distances [4-5]. The
extension occurred principally during the
Cenozoic, thus relatively recently in geological
times, but may have begun earlier, by the Late
Cretaceous [7-9]. The tectonic context in terms
of slab configuration at depth [10, 11], the
former margin morpho-structures [12], and the
accurate dating of the surrounding rocks [13]
need more studies. Also, despite extensive
studies on SE Asia, the plate configuration is
not fully resolved for the Late Cretaceous and
Paleocene and better knowledge of the
processes of rifting and ocean floor spreading.

The SCS is not a typical marginal basin as
it did not develop in a back-arc position. It

STRUCTURAL MAP OF SE ASIA

Figure 1. a) Right: Map of SE A formed by a backbone of accreted block in the Late Paleozoic

opened along the rim of a composite micro-
continent surrounded by a Mesozoic volcanic
arc [14, 15] (Figure 1), and its structural
evolution is linked with that of the adjacent
basins [16, 17]. The SCS offers the
opportunity to observe the stretching and
thinning of a continental margin occurring
during the shortening of an older one, the
Proto South China Sea (PSCS), which has
nowadays been entirely consumed [18, 19].
This dual system is nowadays fossilized after
the cessation of its spreading in the Mid-
Miocene. The tectonic activity across the SCS
margins continued in the Late Miocene, with
the opening of the Sulu Sea situated next to it
[20]. In that sense, the SCS developed on a
downgoing plate which is being overthrust by
relics of the PSCS along the NW
Borneo/Palawan subduction zone.

The PSCS was a basin that developed
amidst a Mesozoic magmatic Arc, found in
South China, Vietnam, and extended to
Southern Borneo. The former arc was active
throughout the main stages of structuration of
the Sunda Plate, in the Permian, Triassic to
Jurassic, and finally, Cretaceous [21], which
can be traced offshore [11, 22] (Figure 1). This
arc eventually collapsed, triggering Southeast
Asia’s continental rifting [14].

b) .

TECTONIC BLOCKS OF SE ASIA
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and Mesozoic, and subsequently stretched by the opening of basins on its eastern part (modified
from Sautter & Pubellier (2022) [15]); b) Left: Main blocks discussed in the text
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These statements imply that the SCS is
sitting both over a Mesozoic subduction zone,
amid a Late Cretaceous orogen [8], and on the
lower plate of an Eocene to Mid-Miocene
subduction zone.

Nevertheless, many reconstructions have
been attempted for the SE Asian region [23-
28], or more locally, to explain the evolution of
the SCS [1, 4, 6] and the links with the PSCS
and the motion of Indochina [29, 30]. Some
models do not invoke the existence of a PSCS
[31, 32] but require a large free edge to the
south. Several authors have already compared
the different models [6, 33].

This review paper does not intend to
pinpoint one specific reconstruction but
explores the many options proposed for each of
the complex steps of the evolution of the East
Vietnam Sea (or the South China Sea). We
used the step-by-step reconstructions of
Pubellier et al., [34] until 20 Ma and
extrapolated the block movements to 100 Ma,
thus proposing a simple scenario of events and
discussing several fundamental questions.

THE MESOZOIC SETTING

The early Mesozoic tectonics of South
China and Vietnam directly results from the
late Triassic Indosinian Orogeny [35]. The
geometry of the margin is deduced mainly from
the location of the Mesozoic arc (Figure 1b).
From the Jurassic, the coastal strip of China,
Vietnam, and their offshore basement was an
active margin. The main issue concerning the
Cretaceous setting is the location of the
subducted crust, whose subduction generated
the Mesozoic Yenshanian magmatic arc present
along the margin of Vietnam and China’s
mainland [28, 36]. In front of Taiwan in the
Fujian province of China, the granitic belt may
be only a narrow strip along the coast that may
extend into the Taiwan Strait. The granites lay
in two chains parallel to the coast of China [37,
38] formed in the South China craton, with two
major peaks of granite emplacement, the Early
Yanshanian event (180-140 Ma) and the Late
Yanshanian one (140-97 Ma) [21] or 136-118
[36]. The latest event of Cretaceous granite in

Southern Vietnam ranges from 113 to 87 [39,
40], with a peak at 100 Ma according to Z/U-
Pb geochronology. Recent geochronological
data (Zircon U-Pb) also suggests the
remobilization of Indosinian protoliths [40, 41].

Although the whole history of the
magmatic arc, at least for the eastern
Sundaland, may be explained by a single flat-
subduction model since the Triassic [42, 43]
tectonic event, most authors prefer to invoke a
northward slab pull from north-dipping
subduction of a Tethyan crust beneath Eurasia.
Although the Jurassic and Cretaceous
magmatism has been recently attributed to the
Paleo-Pacific [41], the data only indicate a
long-lasting west verging subduction beneath
Eurasia notwithstanding, whether exotic blocks
existed between the subduction zone and the
Paleo Pacific Ocean. The simple geometry
proposed hereafter is controlled by an ocean-
floored basin situated east of the Cretaceous
volcanic arc, which would correlate with the
oceanic gap between the Argo Block and
Sundaland Cretaceous (Figure 2).

Previous studies and reconstructions
documented the accretion of several crustal
blocks in the late Early Cretaceous and the Late
Cretaceous. The main ones are the Argo block
(or Sumba block, [26, 44, 45]) in East Java and
Eastern Borneo (Mangkalihat Peninsula) and
the composite Luconia block, which included
the West Arm of Sulawesi and Palawan block.
The two large blocks were offset by the Lupar
Line of Central Borneo [14, 46-48].

The Argo block was probably narrow at
its southwestern tip (Java), where the suture
zone is mainly represented by the “melanges”
of Karasambung (Indonesia) and broader in
the Meratus Range of SE Kalimantan, where
Jurassic ophiolite is known [49, 50]. To the
north, the composite (Luconia-Palawan,
Figure 2) terrane is nowadays disrupted by
Late Cretaceous and Paleogene extension. It
is believed to have comprised the western
part of the Natuna platform, most of Palawan
island and the Dangerous grounds, and the
crustal strip carrying the Sulu arc, the
Zamboanga Peninsula, and the Daguma
Range in Mindanao [51]. It also had a
possible narrow extension to the North
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(MinTai block), which lay along the northern
part of the coastal belt of China. This part is
not documented enough since it is mainly
offshore at Present and overlain by thick
Tertiary shelf sediments. There is no apparent
granitic intrusion in Taiwan, suggesting that
the island is built on top of the accreted
block’s basement.

These  blocks collided with  the
termination of the Tethyan subduction zone in
the mid-Cretaceous and were subsequently
accreted to the Sunda margin in the early Late

100 Ma

Cretaceous [34, 35, 48, 52]. The simple
scheme presented in Figure 1b also includes
other blocks in Sumatra, Thailand, and
Myanmar, although their shape is not well
constrained. Remarkably, the timing of
accretion of these isolated blocks is
interestingly very similar. Thus, we may
consider that the ocean which closed at this
time was somehow connected with the
Tethys. At the location of Southern China and
Vietnam, we have indicated it in Figure 1b as
T-SCS for “Tethyan South China Sea”.

807 80 100° 1o

1207 130° 1407

Figure 2. Main blocks reconstruction of SEA by the middle of Cretaceous; showing possible
connection between the Tethys Ocean, an oceanic domain parallel to the margin
(T-SCS for Tethysian SCS), and the Paleo-Pacific

Late Cretaceous-Paleocene compression

The accretion of crustal blocks during the
Late Cretaceous postdates the granitic belt,
whose ages are up to 100 Ma, but this
deformation is difficult to pinpoint precisely.

220

Published ages range mostly between 90 Ma
and 80 Ma [8, 9]. Tang et al., [53] and
Campbell and Sewell [54] have shown the
existence of an important event from 100 Ma to
80 Ma based on ZFT, and 40Ar-39Ar dating
[54] suggests a fully thermal reset between
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80 Ma and 60 Ma. Data are available offshore
with seismic images of Cretaceous folds sealed
by Paleogene in the SCS [55] to the east of
Sundaland and the Gulf of Thailand [34, 56] to
the west (Figure 2). In Sumatra, the deformation
of the Late Cretaceous age is attributed to the
accretion of the Woyla Terrane, although it is
still uncertain since the ophiolites are also

50 Ma

30°

20°

-10° =

attributed to a large seamount [57]. To the
northwest, the accretion of the West Burma
block is also unclear, although the deformation
and the location of the Cretaceous arc are
documented. Convergence was highly oblique,
and a large component of horizontal shear was
described [15, 34].

Paleo-Pacific Ocean

Philigpine Sea Plate

Indian Ocean

80° 90° 100° 1o°

120° 130° 140°

Figure 3. Main block reconstruction of SEA from Late Cretaceous to the Eocene;
showing the suturing of the Tethys and T-SCS (black dash line), the last stages
of opening (red lines) of the PSCS, and the early Celebes Sea (CS). The Paleo-Pacific
and the Proto Philippine Sea Plate have not been differentiated

Relics of the Cretaceous oceanic crust
between these blocks and the main continental
margin are unknown because the ophiolitic
rock of Northern Borneo (Telupid ophiolite)
and Semporna-Dent peninsulas (Central and
Eastern Sabah, respectively) are generally
attributed to the Proto South China Sea. These

are known to be Albian in age based on
radiolarian biostratigraphy. If the PSCS
developed to the SE of the accreted block from
the Late Cretaceous, possibly to the Early
Eocene (Sarawak orogeny in Borneo), the
Middle Eocene to the latest Eocene Celebes
Sea might have followed later in a regular
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trench advance system. However, some of the
ODP Leg 124 results [17] pointed out the
paucity of volcaniclastic sediments in the pre-
Early Miocene sedimentary section of the
Celebes Sea [17], and several reconstructions
link the basin with the East Philippine Sea
Basin [18, 26].

The PSCS developed just after the
collision of the Argo-Luconia composite
block (Figure 3). It is assumed to
immediately follow the Yenshanian Orogeny
subduction jump and thus could open in a
back-arc setting. However, not many
volcanic centers nor granitic complexes are
associated with this Paleogene volcanic arc.

20 Ma

"

Indian Ocean

20

It is also supposed that the oceanic accretion
of the PSCS was still active in the Eocene,
according to the sedimentary record of the
NW Borneo wedge.

CENOZOIC SETTING

More is known but also debated on the
complete subduction of the PSCS. Starting
from the Middle Eocene, the rifting of the SCS
margin accelerated until a breakup occurred at
33 Ma in front of the Pearl river and 23/24 Ma
in front of Vietnam [3, 51, 58].

.

Paleo-Pacific Ocean

—_—

Figure 4. Main block reconstruction of SEA from Eocene to Early Miocene; showing the closure
of the PSCS, the opening (red lines) of the SCS. Note the impact of the Philippine Sea Plate
which encroached the marginal basins of SE Asia, and may have caused the beginning
of the shortening of the PSCS

From the Oligocene collision of the first
Australian fragment in Sulawesi, most of the
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basins which had opened during the Late
Cretaceous and the Oligocene were inverted or
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started to subduct [35]. If many agree that the
PSCS is a back-arc opening, the process and
vergence of its subduction are debatable ([11]
and references therein). Many studies have
suggested that the opening of the SCS and the
closure of the PSCS took place coevally in
Cenozoic times [1, 3, 4, 13, 27, 59, 60].
Different geodynamics and boundary forces
have been invoked and debated, such as the
extrusion of the Indo-China Block [29, 31, 58],
the opening of a supra-subduction basin [11,
59, 60], or basins opening on the downgoing
plate [1, 5, 18, 28, 59]. It is, however, realistic
if the models all contribute and interact
(Figure 4); since the extrusion of Indochina is a
fact, the subduction to the South of the PSCS is
required from geological data, and the opening
of the SCS within the down-going plate has no
alternative so far. The presence of chunks of
lithospheric slabs under the SCS may also
result from westward subduction, sometimes
during the shortening or a recumbent rolled-
back slab.

Besides the PSCS closure, the SCS is also
affected by the encroachment of the Philippine
Sea Plate (PSP), starting from the Oligocene.
The PSP was rotating clockwise from a
position in front of Australia by the Eocene
times [18, 26, 61]. We generally accept that it
chopped pieces of the Australian margin and
extruded some slivers toward the Banda Sea
and Sulawesi [17, 60]. Starting from the Early
Miocene, shortening along the Philippines is
widely documented [20, 25].

DISCUSSION

The reconstructions must integrate the
continental crustal blocks which have docked
against Sundaland during the Mesozoic and the
Cenozoic [15] and the subsequent extension of
the Sunda margin [26, 28]. Along the Vietnam
and China margins, the respective location of
the Cretaceous magmatic arc, the Yenshanian
deformation zone, the Proto South China Sea,
and the Celebes Sea have often been treated
separately and could be included in a simple
scenario fitting the whole of SE Asia. The
simple reconstruction presented above allows

us to discuss the geodynamic options for an
otherwise complex system.

The connection between Tethys and the
“Yenshanian basin” (T-SCS)

The most critical and unresolved issue
concerns the position of blocks and terranes
and the geometries and dimensions of former
oceanic basins in the middle of the Cretaceous
to the Paleocene, particularly in front of
Vietnam and southern China, and partly in the
Western Philippines. Most of the region is
covered by a widespread volcanic arc. There is
no trace of a Mesozoic suture zone to the West
of the arc, so the subducted crust would have
headed westward from the East. The subducted
crust was, therefore, older than the arc and is
commonly referred to as the Paleo-pacific.
However, at that time, the area was also located
near or at the eastern termination of the Tethys.
Therefore, the selected reconstruction of
Figure 2 implies that a crustal block that
presently underlies Palawan Island, the Luconia
Platform in the South China Sea, also includes
crustal fragments in Mindanao (Daguma Range
and Zamboanga) [62].

This configuration is primarily based on the
location and timing of the magmatic belt and
the age of the former Yenshanian mountain
range [7, 43, 56]. Unfortunately, from the
Paleogene to Mid Miocene, the range has
suffered a critical collapse and stretching, so its
topography has been obliterated. However, the
configuration is well documented in Indonesia,
from Southern Kalimantan to Central Java [14,
15, 34, 52]. It suggests an early Late
Cretaceous docking of a crustal block
originated from the Australian margin [18, 47].
To the west of the Sunda margin, the suture
zone may exist, but only patches of ophiolite
are reported, such as in Nias island offshore
Sumatra [63]. However, these relics of the
ocean floor are always considered to represent
the easternmost part of the Tethys. Therefore,
the reconstruction of Figure 2 suggests a
possible link between the Tethys and a
disappeared basin located above the present-
day SCS. We consider that the deformation
zone which borders the granitic Schwanner
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Mountains province was a trench-trench
transfer zone during the Early Cretaceous,
which became a transfer zone during the
accretion of the Mesozoic blocks by the late
Early Cretaceous. Remarkably, the timing of
the closure of the oceanic domain, which could
correspond to the Tethys, was coeval in eastern
and western Sunda [28, 34, 50], although
migration of ages possibly corresponding to a
scissor-shape closure was proposed by
Advokaat et al., (2018) [63]. Similarly, the
timing of collision is around the early Late
Cretaceous and was followed by an episode of
subduction-related extension.

The Proto South China Sea and the Celebes
Sea

The other debated issue is the presence, the
location, and the closure of the PSCS. The
oldest ages of the PSCS are Albian to Eocene
and therefore post-date the Cretaceous
magmatic arc. Indicators of the PSCS are
documented in NW Borneo, where oceanic
sediments of PSCS basin origin have been
scrapped off. The PSCS was located south of
the Yanshanian deformation zone and likely
formed in a back-arc setting. After the Argo
block collided with Sundaland, causing the
Sunda subduction to jump to the South [64], the
East of Sundaland became an active margin
compatible with the development of back-arc
basins such as PSCS and the Celebes Sea.
However, some reconstructions [18] place the
Celebes Sea in the western part of the
Philippine Sea Plate (PSP). The seafloor age of
these two basins is similar, but the Philippine
Sea Plate was moving fast toward the North at
that time, thus leaving little space for a
connection between the PSP and Sundaland.

As for the PSCS, the difficulty is the
scarcity of the occurrence of pieces of the
ancient Sea floor. As mentioned before, the
Cretaceous ages are known in NW Borneo and
Palawan, but they may not be directly
connected. In addition, some indicators of
Cretaceous fragments may also exist in the
Zambales massif of Western Luzon, although
most of the ages are Eocene. This massif has
also undergone a large displacement after the
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Eocene, raising doubt about its exact position in
the Eocene. The presence of both Cretaceous,
Late Eocene, and Early Oligocene ages in
Palawan [65] also indicates that the structure of
the PSCS may be more complex than
previously thought. Seismic lines east of the
coast of Palawan in the NW Sulu Sea suggest a
continuation of the ophiolite of Palawan with
part of the offshore NW Sulu basin.

The genetic correlation between the PSCS
and the SCS

The idea that a correlation exists between
the SCS opening and the PSCS closure is not
new but lacks solid evidence. Several
unconformities in the SCS [6, 13, 19] may be
correlated with Borneo and Palawan changes
in sedimentation styles. Recently, a detailed
review of these events was presented [19],
which concludes with the following evolution.
The rifting of the SCS started early in the
Latest Cretaceous and the Paleocene, and the
PSCS was located south of the stretching area.
During the Eocene and the Oligocene
(45-23 Ma), the subduction initiated in Borneo
and Palawan and is coeval with extension by
low angle normal faults documented in the
SCS. Although the PSCS subduction started in
the Central part of Borneo, it accelerated in
the North by the time of the SCS breakup
(33 Ma). By the Early Miocene (23-16 Ma), a
ridge jump to the South took place, allowing
the expansion of the seafloor to propagate
toward the SW until 16 Ma [58, 66]. At
16 Ma, the PSCS completely disappeared, and
the collision peaked in NW Borneo. The slab
pull of the subduction created the opening of
the SE Sulu Sea basin. It was only after 16 Ma
that intense adakitic magmatic activity started
in Borneo and a little in N Palawan, probably
related to a slab breakoff [10, 11, 66]. If the
subduction of the PSCS is responsible for the
opening of the SCS, it requires a rifting within
the downgoing plate [1, 5, 18, 27]. This
mechanism is not common and does not exist
presently on Earth but is often invoked in
older orogens, such as the closure of the
Tethys in Eastern Europe [67].
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CONCLUSION

The transition from opening to the closure
of the SE Asian basins is driven by the
combined northward motion of Gondwana-
derived continental blocks ending with India,
Australia, and the rapid rotation of the
Philippine Sea Plate. The beginning of the
closure may correspond to the “bacon-slicer
mechanism” of the collision of Australian
blocks [67]. The collision of India started both
the extrusion of Indochina and South China
bock [29, 30], but the long-lasting subduction
of the Indian Ocean pulled the upper plate
toward the Southeast [28]. The basins and
ridges formed then were later shortened from
the Early Miocene to the Present. This
configuration leaves the appearance of a
complex system, which can actually be
unraveled in several key steps.

The simple reconstruction  exercise
presented in this paper suggests solutions that
had not been stated previously, such as the
possible connection between the Tethys Ocean
and an oceanic domain between the PSCS and
the coastal regions of China and Vietnam
(T-SCS). The PSCS developed in the southern
vicinity of this ancient margin, probably in a
back-arc position, and the SCS opened partly as
a result of the subduction of the PSCS.

REFERENCES

[1] Taylor, B., and Hayes, D. E., 1980. The
tectonic evolution of the South China

Basin. Washington DC  American
Geophysical Union Geophysical
Monograph Series, 23, 89-104. doi:
10.1029/GM023p0089

[2] Weiwei, D. I. N. G., Schnabel, M.,

Franke, D., Aiguo, R. U. A. N., and
Zhenli, W. U., 2012. Crustal Structure
across the northwestern margin of South
China Sea: Evidence for magma-poor
rifting from a wide-angle seismic profile.
Acta Geologica Sinica-English Edition,
86(4), 854-866. https://doi.org/10.1111/
J.1755-6724.2012.00711.x

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Franke, D., Savva, D., Pubellier, M.,
Steuer, S., Mouly, B., Auxietre, J. L.,
Meresse, F., and Chamot-Rooke, N.,
2014. The final rifting evolution in the
South China Sea. Marine and Petroleum
Geology, 58, 704-720. https://doi.org/
10.1016/j.marpetge0.2013.11.020
Holloway, N. H., 1982. North Palawan
block, Philippines—Its relation to Asian
mainland and role in evolution of South
China Sea. AAPG Bulletin, 66(9), 1355—
1383. https://doi.org/10.1306/03B5A7A5-
16D1-11D7-8645000102C1865D
Morley, C. K., 2016. Major
unconformities/termination of extension
events and associated surfaces in the
South China Seas: Review and
implications for tectonic development.
Journal of Asian Earth Sciences, 120, 62—
86. https://doi.org/10.1016/
j.jseaes.2016.01.013

Cullen, A., Reemst, P., Henstra, G.,
Gozzard, S., and Ray, A., 2010. Rifting of
the South China Sea: new perspectives.
Petroleum Geoscience, 16(3), 273-282.
https://doi.org/10.1144/1354-079309-908
Chan, L. S., Shen, W., and Pubellier, M.,
2010. Polyphase rifting of greater Pearl
River Delta region (South China):
Evidence for possible rapid changes in
regional stress configuration. Journal of
Structural Geology, 32(6), 746-754.
https://doi.org/10.1016/j.js9.2010.04.015
Nanni, U., Pubellier, M., Chan, L. S., and
Sewell, R. J., 2017. Rifting and
reactivation of a Cretaceous structural belt
at the northern margin of the South China
Sea. Journal of Asian Earth Sciences,

136, 110-123. https://doi.org/10.1016/
j.jseaes.2017.01.008

Teng, L. S., and Lin, A. T., 2004.
Cenozoic tectonics of the China
continental margin: insights from Taiwan.
Geological Society, London, Special
Publications, 226(1), 313-332. doi:

10.1144/GSL.SP.2004.226.01.17

Rangin, C., Spakman, W., Pubellier, M.,
and Bijwaard, H., 1999. Tomographic and
geological constraints on subduction
along the eastern Sundaland continental

225



[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

226

M. Pubellier et al./Vietnam Journal of Marine Science and Technology 2022, 22(3) 217-229

margin (South-East Asia). Bulletin de la
Société géologique de France, 170(6),
775-788.

Wu, J., and Suppe, J., 2018. Proto-South
China Sea plate tectonics using subducted
slab constraints from tomography.
Journal of Earth Science, 29(6), 1304-
1318. https://doi.org/10.1007/s12583-
017-0813-x

Pubellier, M., Aurelio, M., and Sautter,
B., 2018. The life of a marginal basin
depicted in a structural map of the South

China Sea. Episodes Journal of
International Geoscience, 41(3), 139-
142. https://doi.org/10.18814/

epiiugs/2018/018014

Lunt, P., 2019. A new view of integrating
stratigraphic and tectonic analysis in
South China Sea and north Borneo basins.
Journal of Asian Earth Sciences, 177,
220-239. https://doi.org/10.1016/
j.jseaes.2019.03.009

Hamilton, W., 1979. Tectonics of the
Indonesia region. US Geological Survey,
Professional Paper, 1078, 1-345.

Sautter, B., and Pubellier, M., 2022.
Structural control of Mesozoic orogens on
SE Asia Basin opening. Journal of Asian

Earth Sciences, 230, 105207. doi:
10.1016/j.jseaes.2022.105207
Karig, D. E, 1983.  Temporal

relationships between back arc basin
formation and arc volcanism with special
reference to the Philippine Sea.
Washington DC American Geophysical
Union Geophysical Monograph Series,
27, 318-325. doi: 10.1029/GM027p0318
Silver, E., Rangin, C., Von Breymann,
M., Berner, U., Bertrand, P., Beltzer, C.,
Brass, G. W., Huang, Z., Jarrard, R.,
Lewis, S., Lindsey, B., Merril, D., Muller,
C., Nederbragt, A., Nichols, G., Pubellier,
M., Sajona, F. G., Scherrer, R. P., Sheu,
D. D., Shibuya, H., Shyu, J. P., Smith, R.,
Smith, T., Solidum, R. U., Spadea, P., and
Tannan, D. D., 1989. Origins of marginal
basins. Nature, 338, 380.

Hall, R., 2002. Cenozoic geological and
plate tectonic evolution of SE Asia and
the  SW  Pacificc  computer-based

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

reconstructions, model and animations.
Journal of Asian earth sciences, 20(4),
353-431. https://doi.org/10.1016/S1367-
9120(01)00069-4

Chang, S. P., Pubellier, M., Delescluse,
M., Qiu, Y., Nirrengarten, M., Mohn, G.,
Charmot-Rooke, N., and Liang, Y., 2022.
Crustal architecture and evolution of the
southwestern South China Sea:
Implications to continental breakup.
Marine and Petroleum Geology, 136,
105450. https://doi.org/10.1016/
j.marpetge0.2021.105450

Rangin, C., Jolivet, L., and Pubellier, M.
A. N. U. E. L., 1990. A simple model for
the tectonic evolution of southeast Asia
and Indonesia region for the past 43 my.
Bulletin de la Société géologique de
France, 6(6), 889-905.

Zhou, X. M., and Li, W. X., 2000. Origin
of Late Mesozoic igneous rocks in
Southeastern China: implications for
lithosphere subduction and underplating
of mafic magmas. Tectonophysics, 326(3-
4), 269-287. https://doi.org/10.1016/
S0040-1951(00)00120-7

Audley-Charles, M. G, 1983.
Reconstruction of eastern Gondwanaland.
Nature, 306(5938), 48-50.
https://doi.org/10.1038/306048a0

Lee, T. Y., and Lawver, L. A., 1994,
Cenozoic plate reconstruction of the
South China Sea region. Tectonophysics,
235(1-2), 149-180. https://doi.org/
10.1016/0040-1951(94)90022-1
Hutchison, C., 1989. Geological
Evolution of South-east Asia. Oxford
Monographs on Geology and Geophysics,
13, 1-368.

Rangin, C., Pubellier, M., and Jolivet, L.,
1989. Collision between the margins of
eurasia and australia-a process for closure
of marginal basins in Southeast-Asia.
Comptes Rendus De L Academie Des
Sciences Serie 11, 309(11), 1223-1229.
Hall, R., 1996. Reconstructing Cenozoic
SE Asia. Geological Society, London,
Special Publications, 106(1), 153-184.
https://doi.org/10.1144/GSL.SP.1996.106.
01.11



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

M. Pubellier et al./Vietnam Journal of Marine Science and Technology 2022, 22(3) 217-229

Pubellier, M., Ego, F., Chamot-Rooke,
N., and Rangin, C., 2003. The building of
pericratonic mountain ranges: structural
and kinematic constraints applied to GIS-
based reconstructions of SE Asia. Bulletin
de la Société geologique de France,
174(6), 561-584. https://doi.org/10.2113/
174.6.561

Pubellier, M., and Morley, C. K., 2014.
The basins of Sundaland (SE Asia):
Evolution and boundary conditions.
Marine and Petroleum Geology, 58, 555-
578. https://doi.org/10.1016/
j.marpetge0.2013.11.019

Tapponnier, P., Peltzer, G. L. D. A. Y.,
Le Dain, A. Y., Armijo, R., and Cobbold,
P., 1982. Propagating extrusion tectonics
in Asia: New insights from simple
experiments with plasticine. Geology,
10(12), 611-616. doi: 10.1130/0091-
7613(1982)10<611:PETIAN>2.0.CO;2
Tapponnier, P., Peltzer, G., and Armijo,
R., 1986. On the mechanics of the
collision between India and Asia.
Geological Society, London, Special
Publications, 19(1), 113-157. doi:
10.1144/GSL.SP.1986.019.01.07

Leloup, P. H., Arnaud, N., Lacassin, R.,
Kienast, J. R., Harrison, T. M., Trong, T.
P., Replumaz, A., and Tapponnier, P.,
2001. New constraints on the structure,
thermochronology, and timing of the
Ailao Shan-Red River shear zone, SE
Asia. Journal of Geophysical Research:
Solid Earth, 106(B4), 6683-6732.
https://doi.org/10.1029/2000JB900322
Replumaz, A., and Tapponnier, P., 2003.
Reconstruction of the deformed collision
zone between India and Asia by backward
motion of lithospheric blocks. Journal of
Geophysical Research: Solid Earth,
108(B6), 2285. https://doi.org/10.1029/
2001)B000661

Morley, C. K., 2002. A tectonic model for
the Tertiary evolution of strike—slip faults
and rift basins in SE Asia
Tectonophysics, 347(4), 189-215. doi:
10.1016/S0040-1951(02)00061-6
Morley, C. K., 2012. Late Cretaceous—
early Palaeogene tectonic development of

[35]

[36]

[37]

[38]

[39]

[40]

[41]

SE Asia. Earth-Science Reviews, 115(1-
2), 37-75. https://doi.org/10.1016/
j.earscirev.2012.08.002

Pubellier, M., and Morley, C. K., 2014.
The basins of Sundaland (SE Asia):
Evolution and boundary conditions.
Marine and Petroleum Geology, 58, 555-
578. https://doi.org/10.1016/
j.marpetgeo.2013.11.019

Faure, M., Lepvrier, C., Van Nguyen, V.,
Van Vu, T., Lin, W., and Chen, Z., 2014.
The South China block-Indochina
collision: Where, when, and how?.
Journal of Asian Earth Sciences, 79, 260-
274. https://doi.org/10.1016/
j.jseaes.2013.09.022

Guo, F., Fan, W. M., Wang, Y. J., and
Lin, G., 2001. Late Mesozoic mafic
intrusive complexes in North China
Block: constraints on the nature of
subcontinental lithospheric mantle.
Physics and Chemistry of the Earth, Part
A: Solid Earth and Geodesy, 26(9-10),
759-771. https://doi.org/10.1016/S1464-
1895(01)00125-9

Li, J., Zhang, Y., Dong, S., and Johnston,
S. T., 2014. Cretaceous tectonic evolution
of South China: A preliminary synthesis.
Earth-Science Reviews, 134, 98-136.
https://doi.org/10.1016/j.earscirev.2014.0
3.008

Charvet, J., Lapierre, H., and Yu, Y.,
1994. Geodynamic significance of the
Mesozoic volcanism of southeastern
China. Journal of Southeast Asian Earth
Sciences, 9(4), 387-396. https://doi.org/
10.1016/0743-9547(94)90050-7

Sun, K., and Chen, B., 2017. Trace
elements and Sr-Nd isotopes of scheelite:
Implications for the W-Cu-Mo
polymetallic  mineralization of the
Shimensi deposit, South China. American
Mineralogist, 102(5), 1114-1128.
https://doi.org/10.2138/am-2017-5654
Vladimirov, A. G., Phan, L. A., Travin,
A. V., Mikheev, E. |., Murzintsev, N. G.,
and Annikova, I. Y., 2020. The geology
and thermochronology of cretaceous
magmatism of Southeastern Vietnam.
Russian Journal of Pacific Geology,

227



[42]

[43]

[44]

[45]

[46]

[47]

[48]

228

M. Pubellier et al./Vietnam Journal of Marine Science and Technology 2022, 22(3) 217-229

14(4), 305-325. https://doi.org/10.1134/
$1819714020040065

Nguyen, H. H., Pham, N. S., Andrew, C.,
Bui, V. H., Bui, H. B., Trinh, T. T., and
Nguyen, L. A., 2021. Cretaceous Granitic
Magmatism in South-Central Vietnam:
Constraints from Zircon U-Pb
Geochronology. Inzynieria Mineralna,
1(2). https://doi.org/10.29227/IM-2021-
02-01

Waight, T., Fyhn, M. B., Thomsen, T. B.,
Van Tri, T., Nielsen, L. H., Abatzis, I.,
and Frei, D., 2021. Permian to Cretaceous
granites and felsic volcanics from SW
Vietnam and S Cambodia: Implications
for tectonic development of Indochina.
Journal of Asian Earth Sciences, 219,
104902. doi: 10.1016/j.jseaes.2021.104902
Metcalfe, 1., 2013. Gondwana dispersion
and Asian accretion: Tectonic and
palaeogeographic evolution of eastern
Tethys. Journal of Asian Earth Sciences,
66, 1-33. https://doi.org/10.1016/
j.jseaes.2012.12.020

Li, Z. X., and Li, X. H., 2007. Formation
of the 1300-km-wide intracontinental
orogen and postorogenic magmatic
province in Mesozoic South China: A
flat-slab subduction model. Geology,
35(2), 179-182. https://doi.org/10.1130/
G23193A.1

Wakita, K., 2000. Cretaceous
accretionary—collision ~ complexes in
central Indonesia. Journal of Asian Earth
Sciences, 18(6), 739-749. https://doi.org/
10.1016/S1367-9120(00)00020-1
Granath, J. W., Christ, J. M., Emmet, P.
A., and Dinkelman, M. G., 2011. Pre-
Cenozoic sedimentary section and
structure as reflected in the JavaSPANTM
crustal-scale PSDM seismic survey, and
its implications regarding the basement
terranes in the East Java Sea. Geological
Society, London, Special Publications,
355(1), 53-74. https://doi.org/10.1144/
SP355.4

Tan, D. N. K., 1979. Lupar Valley, West
Sarawak, Malaysia. Geological Survey of
Malaysia Report, 13, 39-49.

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Williams, P. R., Johnston, C. R., Almond,
R. A., and Simamora, W. H., 1988. Late
Cretaceous to early Tertiary structural
elements of West Kalimantan.
Tectonophysics, 148(3-4), 279-297. doi:
10.1016/0040-1951(88)90135-7

Fyhn, M. B., Boldreel, L. O., and Nielsen,
L. H., 2009. Geological development of
the Central and South Vietnamese
margin: Implications for the
establishment of the South China Sea,
Indochinese  escape  tectonics  and
Cenozoic volcanism. Tectonophysics,
478(3-4), 184-214.  https://doi.org/
10.1016/j.tecto.2009.08.002

Yuwono, Y. S., Priyomarsono, S., Maury,
T. R., Rampnoux, J. P., Soeria-Atmadja,
R., Bellon, H., and Chotin, P., 1988.
Petrology of the Cretaceous magmatic
rocks from Meratus Range, southeast
Kalimantan. Journal of Southeast Asian
Earth Sciences, 2(1), 15-22. doi:
10.1016/0743-9547(88)90017-7
Pubellier, M., Girardeau, J., and Tjashuri,
I., 1999. Accretion history of Borneo
inferred from the polyphase structural
features in the Meratus Mountains.
Gondwana  Dispersion and  Asian
Accretion—Final Results of IGCP, 321,
141-160.

Tang, D. L., Seward, D., Wilson, C. J.,
Sewell, R. J., Carter, A., and Paul, B. T.,
2014. Thermotectonic history of SE
China since the Late Mesozoic: insights
from detailed thermochronological studies
of Hong Kong. Journal of the Geological
Society, 171(4), 591-604.
https://doi.org/10.1144/jgs2014-009

Yan, P., Wang, L., and Wang, Y., 2014.
Late Mesozoic compressional folds in
Dongsha Waters, the northern margin of
the South China Sea. Tectonophysics,
615, 213-223. https://doi.org/10.1016/
j.tecto.2014.01.009

Fyhn, M. B., Pedersen, S. A., Boldreel, L.
0., Nielsen, L. H., Green, P. F., Dien, P.
T., Huyen, L. T., and Frei, D., 2010.
Palaeocene—early Eocene inversion of the
Phuquoc-Kampot Som Basin: SE Asian



[56]

[57]

[58]

[59]

[60]

[61]

M. Pubellier et al./Vietnam Journal of Marine Science and Technology 2022, 22(3) 217-229

deformation associated with the suturing
of Luconia. Journal of the Geological
Society, 167(2), 281-295. https://doi.org/
10.1144/0016-76492009-039

Wajzer, M. R., Barber, A. J., and Hidayat,
S., 1991. Accretion, collision and strike-
slip faulting: the Woyla Group as a key to
the tectonic evolution of North Sumatra.
Journal of Southeast Asian Earth
Sciences, 6(3-4), 447-461. https://doi.org/
10.1016/0743-9547(91)90087-E

Briais, A., Patriat, P., and Tapponnier, P.,
1993. Updated interpretation of magnetic
anomalies and seafloor spreading stages
in the South China Sea: Implications for
the Tertiary tectonics of Southeast Asia.
Journal of Geophysical Research: Solid
Earth, 98(B4), 6299-6328.
https://doi.org/10.1029/92)B02280

Li, F., Sun, Z., Yang, H., Lin, J., Stock, J.
M., Zhao, Z., Xu, H., and Sun, L., 2020.
Continental interior and edge breakup at
convergent  margins induced by
subduction  direction  reversal: A
numerical modeling study applied to the
South China Sea margin. Tectonics,
39(11), e2020TC006409. https://doi.org/
10.1029/2020TC006409

Lin, Y. A, Colli, L, Wu, J, and
Schuberth, B. S., 2020. Where are the
proto-South China Sea slabs? SE Asian
plate tectonics and mantle flow history
from global mantle convection modeling.
Journal of Geophysical Research: Solid
Earth, 125(12), €2020JB019758.
https://doi.org/10.1029/2020JB019758
Parkinson, C. D., Miyazaki, K., Wakita,
K., Barber, A. J., and Carswell, D. A,
1998. An overview and tectonic synthesis
of the pre-Tertiary very-high-pressure
metamorphic and associated rocks of
Java, Sulawesi and  Kalimantan,
Indonesia. Island Arc, 7(1-2), 184-200.
doi: 10.1046/j.1440-1738.1998.00184.x
Pubellier, M., Monnier, C., Maury, R.,
and Tamayo, R., 2004. Plate kinematics,

[62]

[63]

[64]

[65]

[66]

[67]

origin and tectonic emplacement of supra-
subduction ophiolites in SE Asia.
Tectonophysics, 392(1-4), 9-36. doi:
10.1016/j.tect0.2004.04.028

Pubellier, M., Rangin, C., Cadet, J. P.,
Tjashuri, 1., Butterlin, J., and Muller, C.,
1992. Nias Island, a polyphased tectonic
belt along the inner edge of the Sunda
Trench (Mentawai Archipelago,
Indonesia). Comptes Rendus De L
Academie Des Sciences Serie 1l, 315(8),
1019-1026.

Advokaat, E. L. Bongers, M. L.
Rudyawan, A., BouDagher-Fadel, M. K.,
Langereis, C. G., and van Hinsbergen, D.
J., 2018. Early Cretaceous origin of the
Woyla arc (Sumatra, Indonesia) on the
Australian plate. Earth and Planetary
Science Letters, 498, 348-361.
https://doi.org/10.1016/j.epsl.2018.07.001
Dycoco, J. M. A,, Payot, B. D., Valera, G.
T. V., Labis, F. A. C., Pasco, J. A., Perez,
A. D., and Tani, K., 2021. Juxtaposition
of Cenozoic and Mesozoic ophiolites in
Palawan island, Philippines: New insights
on the evolution of the Proto-South China
Sea. Tectonophysics, 819, 229085. doi:
10.1016/j.tect0.2021.229085

Sibuet, J. C., Yeh, Y. C,, and Lee, C. S,,
2016. Geodynamics of the south China
sea. Tectonophysics, 692, 98-119. doi:
10.1016/j.tect0.2016.02.022

Stampfli, G. M., and Borel, G. D., 2002.
A plate tectonic model for the Paleozoic
and Mesozoic constrained by dynamic
plate boundaries and restored synthetic
oceanic isochrons. Earth and Planetary
science letters, 196(1-2), 17-33. doi:
10.1016/S0012-821X(01)00588-X

Silver, E. A., Gill, J. B., Schwartz, D.,
Prasetyo, H., and Duncan, R. A., 1985.
Evidence for a submerged and displaced
continental borderland, north Banda Sea,
Indonesia. Geology, 13(10), 687-691.
https://doi.org/10.1130/0091-7613(1985)

13<687:EFASAD>2.0.CO;2

229


https://doi.org/10.1016/S0012-821X(01)00588-X
https://doi.org/10.1016/S0012-821X(01)00588-X

