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Abstract. Active margins are sensitive to several subduction-related processes which include rapid
opening and closure of neighboring basins. The stages of rifting, spreading and the cessation, of
activity the South China Sea basin in Cenozoic appears to be coeval with the progressive closure of the
Proto-South China Sea which ended with collision in Borneo and Palawan. The evolution bracketed
between 45 Ma and 16 Ma, migrated through time from NE to SW. This dual simultaneous tectonic
evolution illustrates how far-field subduction process may impact the regional tectonics in terms of
both rifting and contraction of the crust from initiation to termination.
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1. Introduction

The original causes for the opening of large oceans
are difficult to decipher because the conditions of
their onset is generally obscured by their later devel-
opment. On the other hand, marginal basins open
as a result of mechanisms which can be identified
easily, and include several subduction-related pro-
cesses encompassing back-arc or forearc setting, and
often follow gravity collapse of older existing oro-
gens. In Southeast Asia, many basins have formed
in convergence setting and most of them are young
enough to have it preserved [Pubellier and Morley,
2014, Rangin et al., 1990b], such as the Philippine
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Sea [Karig, 1974], the Sulu Sea [Rangin, 1989], the
Celebes Sea or the Banda/Damar seas. The exten-
sion responsible for the opening is observed on both
upper and lower plate, and the rifting/spreading of
basins is often coeval with closure of the neighboring
ones [Pubellier and Meresse, 2013]. The stages of rift-
ing, spreading and the cessation of activity of the SCS
basin in Cenozoic appear to be coeval with the pro-
gressive closure of the Proto-South China Sea (PSCS)
which ended with collision in Borneo and Palawan
[Franke et al., 2014, Hall and Breitfeld, 2017]. How-
ever, if the ages of the rifting stages are relatively
well constrained, the dating of the closure is blurred
and requires a discussion of the successive regional
unconformities.

Mature marginal basins are usually underlain by
oceanic crust and are semi-isolated from the open
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Figure 1. Schematic models illustrating three possible scenarii for the South China Sea opening. (A) Slab-
pull model suggesting a southward subduction of the Proto-South China Sea [Taylor and Hayes, 1983,
Hall, 2002, Pubellier et al., 2003, Morley, 2016]. (B) Back-arc model suggesting that the South China
Sea opened on the overriding plate while Proto-South China Sea either subducted northward, or was
undergoing double-sided subduction [Wu and Suppe, 2017, Li et al., 2020, Lin et al., 2020]. A variation of
this option is an oceanward subduction followed by a continentward subduction [Larvet et al., 2022].
(C) Block extrusion induced by the India-Eurasia collision which opened the South China Sea along
strike-slip fault [Tapponnier et al., 1982, Briais et al., 1993, Leloup et al., 2001].

ocean by a tectonic or volcanic ridge [Zhou, 2014].
They are formed as a result of several processes
encompassing back-arc or fore-arc setting, and de-
formed by adjacent boundary forces, such as for in-
stance, trench retreat, block rotations or collision
[Chenin et al., 2017]. The evolution of the basins, and
theirs adjacent structures, can be interpreted from
their stratigraphic record. The temporal and spatial
variation at regional scale, allows invoking a geody-
namic scenario of evolution. Their short-lived cy-
cle also provides easier correlation across short dis-
tance between the basin margins and their surround-
ing tectonic realms.

Many studies had suggested the opening of the
SCS, and the closure of the PSCS, took place simulta-
neously in Cenozoic time [Holloway, 1982, Taylor and
Hayes, 1983, Zhou et al., 1995, Pubellier et al., 2003,
Franke et al., 2014, Hall and Breitfeld, 2017, Lunt,
2019, Li et al., 2020, Lin et al., 2020]. Different geo-
dynamic and boundary forces have been suggested
and debated (Figure 1), such as the India-Eurasia

collision inducing extrusion of the Indo-China Block
[Tapponnier et al., 1982, Briais et al., 1993, Leloup
et al., 2001], the opening of a supra-subduction basin
[Wu and Suppe, 2017, Li et al., 2020, Lin et al., 2020],
or a basin opening in the midst of the downgoing
plate [Taylor and Hayes, 1983, Hall, 2002, Pubellier
et al., 2003, Morley, 2016, Li et al., 2020]. The discus-
sion of the different tectonic models of evolution in
East and Southwest South China Sea, although still
debated, has been reviewed recently [Morley, 2016,
Hennig-Breitfeld et al., 2019, Wang et al., 2020].

The South China Sea, although a far field product
of the subduction, is difficult to consider as a back-
arc basin, unless involving a double-verging subduc-
tion [Wu and Suppe, 2017, Li et al., 2020, Lin et al.,
2020], and has been created as the result of tecton-
ics involving either the extrusion of the Indochina
block [Tapponnier et al., 1982, Briais et al., 1993,
Leloup et al., 2001], or the slab-pull triggered by the
southward subduction of the Proto-South China Sea
[Taylor and Hayes, 1983, Hall, 2002, Pubellier et al.,
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Figure 2. Cross-section lithosphere sections across the SCS and the PSCS. (A) Subduction of the Paleo-
Pacific Plate went underneath the Eurasia Plate and forming the Proto-SCS as a back-arc setting in
Cretaceous. Sampaguita, Kalamansi and Caolao wells are projected reference drill sites. (B) Same section
during Late Neogene times.

2003, Morley, 2016]. Indeed, all these processes have
somehow interacted; the global back-arc location of
all the marginal basins of Southeast Asia [Rangin
et al., 1990a, Pubellier et al., 2003], the existence of
the large Red River and Wang Chau strike-slip faults,
and the trench pull of the PSCS. The latter of these
options was confronted to the observation that no
active example exists on earth, although this config-
uration is admitted for the demise of the successive
Tethysian basins, and that it was difficult to model,
prior to the studies of Larvet et al. [2022].

In order to approach this issue, this study
overviews the tectonic evolution of two marginal
seas; the South China Sea (SCS) and the vanished
Proto-South China Sea (PSCS), which have been
studied extensively in the past decades [Taylor and
Hayes, 1980, 1983, Holloway, 1982, Larsen et al.,
2018]. In view of the complexity of the differ-
ent extensional and contractional features of this
paired configuration, the study attempts to establish
tectono-stratigraphic correlations across the oppo-
site margins of the SCS, and the PSCS. Various tec-
tonic stages represented by the selected unconformi-
ties and integrating multi-disciplinary evidences are

combined to reconcile the different hypotheses for
the tectonic evolution of this dual system.

2. Geological background

South China Sea is located at the junction between
the Eurasia Plate, the Philippine Sea Plate, and the
Indian–Australian Plate. Convergence around the
Sunda Plate encompasses seismically active plate
boundaries such as the Taiwan/Philippines Mobile
Belt in the east, the Sumatra subduction zone in the
south and east, up to the Himalaya collision in the
west. Since Jurassic times, a northward subduction
beneath the Eurasia Plate, initiated an extension and
a SE migration of the subduction [Yan et al., 2014a,
Pubellier and Morley, 2014, Li et al., 2018, 2020]. Sev-
eral intra-plate marginal seas were formed (Figure 2)
[Karig et al., 1978, Jolivet et al., 1989, Rangin et al.,
1990b, Schellart et al., 2019], in a global setting which
is within the upper plate of the Pacific/Indian Ocean
subduction system.

The South China Sea is one of these marginal
basins which opened along the SE China and the
Vietnam continental margins. Its rifted margins de-
veloped along inherited structures, for instance, fold
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limbs [Savva et al., 2014, Ye et al., 2020], or extensive
granite massif [Kudrass et al., 1986, Yan et al., 2014b,
Xiao et al., 2019, Miao et al., 2021]. Many syn-rift un-
conformities are described since the Paleogene, in re-
sponse to the development of half-grabens marked
by detachment faults while the continental crust ex-
tended over 600 km in both conjugated margins. A
rapid breakup [Larsen et al., 2018], forming a signif-
icant V-shaped formed between 32 to 16 Ma [Fig-
ure 3, Briais et al., 1993, Le Pourhiet et al., 2018] with a
narrow COT and localized magmatism [Nirrengarten
et al., 2020]. A diachronous migration of the rifting
and seafloor spreading has been proposed [Franke
et al., 2014].

Another basin, known as the Proto South China
Sea (PSCS), existed prior to the opening of the SCS,
to its SE, but is presently totally subducted [Ran-
gin et al., 1990b, Hall and Breitfeld, 2017], and only
present as ophiolitic remnants [Omang and Barber,
1996, Dycoco et al., 2021]. The ocean-floored Proto-
South China Sea (PSCS) was probably formed as a
back-arc basin also referred to as the Rajang Sea
[Rangin et al., 1990b] although a connection with
the easternmost Tethys is possible. The existence
of this ancient basin is based on the presence of
ophiolite complexes and imbricated fold-and-thrust
belt in both NW Borneo and Palawan (Figure 2).
The ages of the ophiolites clustered in two main
groups as Early Cretaceous and Middle Eocene [Ran-
gin et al., 1990b, Omang and Barber, 1996, Graves
et al., 2000, Keenan et al., 2016, Chien et al., 2019,
Gibaga et al., 2020, Rahmat et al., 2020, Dycoco et al.,
2021]. Many stratigraphic hiatuses and changes of
sediment sources from the hinterlands reveal succes-
sive tectonic events since the Eocene [Cullen, 2010,
Hennig-Breitfeld et al., 2019]. The termination of the
last of these events (Sabah Orogeny) is dated from
Late Miocene to Pleistocene [Tongkul, 2003, Lunt
and Madon, 2017, Sapin et al., 2013, Hall and Bre-
itfeld, 2017]. Few granite intrusions along Borneo
and Palawan suggest the presence of a broken litho-
spheric slab in Late Miocene [Prouteau et al., 1996,
Encarnacion and Mukasa, 1997, Hutchison et al.,
2000, Cottam et al., 2010, Sapin et al., 2013, Forster
et al., 2015].

3. Methodology

This paper reviews the unconformities which are in-
dicators of tectonic instabilities of the margins, but
also changes of seismic facies and subsidence his-
tory, in three different domains from East to South-
west (D1 to D3 on Figure 3) following Savva et al.
[2014]. We extracted key published seismic profiles
and wells (locations see Figure 3) to analyze the rift
evolution on the grounds of seismic stratigraphy, bio-
stratigraphy, and structures. Subsidence history is
also examined. In a general, we identify Ro as a
“stretching stage” in the sense of Péron-Pinvidic et al.
[2007] which is characterized by numerous steeply
dipping normal faults, R1 and R2 the thinning stages
with an unconformity in the middle (IRU). These rift-
ing stages are followed by the breakup.

In Section 4, the correlation of stratigraphic cuts
related to the contraction is established through do-
mains 1 to 3 in order to explore the timing of the col-
lision. Observations in the field onshore and on seis-
mic lines offshore is used to underline and date the
crucial convergence-related unconformities. The fa-
cies changes in the deposits are also taken into ac-
count to evaluate fluctuations in the depositional en-
vironment and possible uplift periods. Ultimately, we
try to evaluate chronological links between the two
opposite margins (Section 6).

4. Tectono-stratigraphy of the rifting and
spreading in the South China Sea

4.1. Rifting stratigraphy in Domain 1

On the China margin, the stratigraphy had been es-
tablished confidently in the past decades according
to the intense industrial research exploration.

Within the syn-rift sequence, some internal sig-
nificant unconformities are found in the Pearl River
Mouth Basin (PRMB) in front of Hong-Kong [Chan
et al., 2010, Morley, 2016, Lunt, 2019], as well as in
the Tainan Basin SW of Taiwan [Lin et al., 2003]. The
timing of breakup and rifting has been interpreted as
a diachronous event from east to southwest [Franke
et al., 2014]. Although the onset of rifting has been
long debated due to insufficient number of drillings
[Morley, 2016], the age of the detachment fault dur-
ing rifting, and the age of the breakup show a di-
achronous evolution as shown on Figure 4 [Franke
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Figure 3. (A) Elevation in SE Asia illustrating oceanic basins including SCS: South China Sea, SS: Sulu
Sea, CS: Celebes Sea, BS: Banda Sea, BBW: Beibuwan Basin, L: Luconia Basin, NCS: Nam Con Son Basin,
NWPB: NW Palawan Basin, PK: Phu Khanh Basin, PRMB: Pearl River Mouth Basin, QDN: Qiongdongnan
Basin, SH-Y: Song Hong-Yinggehai Basin, TXN: Taixinan Basin. The bathymetric map has a non-linear
color bar to assist in highlighting certain features. Red lines represent the location of seismic profiles
and black solid dots represent the locations of the wells. Reference to boreholes; A for Pearl River area,
B for “Dangerous Grouds Area (e.g., Sampaguita-1 and Malampaya wells), C for Hainan shelf, E for Nam
Con Son (NCS), D for Spratleys Shelf, F for Luconia Shelf. (B) The black dashed lines demonstrate the
tentative location of the closure zone of the PSCS [modified from Zhou et al., 2008, Hall, 2012, Liu et al.,
2014, Zhang et al., 2017].

et al., 2014, Savva et al., 2014]. An early phase of dif-
fuse stretching Ro begins possibly as early as Late
Cretaceous [Chan et al., 2010], after the end of the
compressional deformation [Nanni et al., 2017] and
ended 45 Ma [Xie et al., 2019]. The syn-rift I (R1)
was deposited on a basement cut by high-angle nor-
mal faults (orange on Figure 4) and bracketed be-
tween 45 Ma and 37 Ma [Lin et al., 2003]. An Intra-

Rift Unconformity (IRU) separates a second rifting
period (R2) from 37 to 32 Ma. It is marked simul-
taneously on the SE China and Palawan margins by
a significant hiatus, and a strong sagging period [Lin
et al., 2003, Xie et al., 2019]. This period is character-
ized by thickly sedimented U-shaped seismic units in
the lower part (green to pink horizon on Figure 4),
typically expressed in the Liwan sag [Larsen et al.,



34 Sung-Ping Chang and Manuel Pubellier

Figure 4. Selected portions of seismic lines and major horizons underlying the stratigraphic sequences
R1, R2 and R3 discussed in text for Domain 1 (NE of the SCS). Location of the seismic profiles and wells
see Figure 3. The intra-rift unconformity (green solid lines) separates the underlain R1 units and the
overlying R2 units. The R2 characterizes detachment-related extension and onlapping onto the intra-
rift unconformity, corresponding to the acceleration of rifting rate. The breakup unconformity (red solid
lines) indicates the breakup time and the incipient seafloor spreading. Subsidence curve modified from
Tang et al. [2014], Xie et al. [2014]; Clift et al. [2015]. ROU is the base of R1, IRU is between the 2 thinning
events (between R1 and R2), and BU (Breakup Unconformity) marks the end of the rifting and the onset
of the spreading at the domain location.

2018]. The thick R2 represents the last stage of the
rifting prior to breakup. Spreading started around
32 Ma [Briais et al., 1993, Larsen et al., 2018, Chao
et al., 2021], and ceased at ca. 16 Ma [Briais et al.,
1993, Li et al., 2015]. If the extension alone can be in-
voked for the stretching and thinning of the SE China
margin, the southern conjugate margin may in ad-
dition have suffered from a flexural fore-bulge ef-
fect induced by the subduction in Palawan [Steuer
et al., 2014]. The most continuous record at Well

Sampaguita-1 documented a stratigraphic boundary
formed around 49 Ma between the transition from
the shelf to calcareous shale [Taylor and Hayes, 1980,
Yao et al., 2012]. An extensive unconformity occurred
in Sampaguita-1 and Malampaya at 37 Ma [T80;
Fournier et al., 2005, Yao et al., 2012, Steuer et al.,
2014], and this unconformity can be extended along
the seismic profiles showing its distinct distribution
in the Offshore Palawan Margin. There, to the south
of Domain 1, the breakup unconformity is drawn
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around 28–30 Ma, possibly indicating a small lag
time, or at least an asymmetry for the start of spread-
ing [Nirrengarten et al., 2020]. The age is witnessed
by the drilling and seismic evidences [Holloway,
1982, Fournier et al., 2005, Franke et al., 2011, Yao
et al., 2012, Steuer et al., 2013, 2014, Peng et al., 2020].

The tectonic subsidence and the subsidence rate
are integrated from previous publications [Tang et al.,
2014, Xie et al., 2014, Clift et al., 2015], and deduced
from the seismic observation. The initial rifting cor-
responds to the minor subsidence (Figure 4), coin-
ciding the R0 and R1 stratigraphy bounded by high-
angle normal faults. The increase of the subsidence
rate within the R2 is vigorously related to the de-
tachment faults which thin the crust and generated a
Late Eocene unconformity onlapped by the concave-
up R2 units in SE China and NW Palawan Margins
(Figure 4). This acceleration of extension rate is also
suggested in the modelling prior to the rapid breakup
in the SCS [Brune et al., 2016, Le Pourhiet et al.,
2018].

4.2. Rifting stratigraphy in Domain 2

On the E Vietnam Margin, extension is localized both
along sharp segments [Marquis et al., 1997, Roques
et al., 1997, Fyhn et al., 2009], and along wide ex-
tremely stretched areas showing detachment fea-
tures [Lei and Ren, 2016, Savva et al., 2014, Chang
et al., 2022]. Similarly, the southwestern margin also
developed extensive basins with detachment faults
[Liang et al., 2019] resulting ultimately in an even
thinner crust (Figure 5).

Likewise in Domain 1, the beginning of stretch-
ing is unclear (Late Cretaceous?) and ended up at
38 Ma [Lei and Ren, 2016]. The distinct ROU (re-
gional onset unconformity) is reported mainly at
37 Ma (T80, bottom of Yacheng Fm.) or slightly
older around 45 Ma (within Shixin Fm.), and docu-
mented locally around proximal domain such as the
Beibuwan Basin or the Qiong Dong Nan Basin [Fyhn
et al., 2009, Wu et al., 2009, Savva et al., 2013, Vu
et al., 2017, Zhou et al., 2018, Wang et al., 2020, Fig-
ure 4]. The intra-rift unconformity (T70, bottom of
Linshui Fm.) is an angular one around 28 Ma high-
lighting the development of detachment faults par-
ticularly in both proximal and distal margin such as
in PK basin [Savva et al., 2013, Lei and Ren, 2016,
Chang et al., 2022]. The breakup unconformity is

identified as 23 Ma (T60) marking a significant hia-
tus. In the Dangerous Ground Margin, the earli-
est unconformity is recorded around 37 Ma and ob-
served within thick syn-rift sequences [Yan and Liu,
2004]. An intra-rift unconformity around 30 Ma is ob-
served and dated by biostratigraphy data in the adja-
cent wells [T7, Hutchison, 2004, Yan and Liu, 2004,
Hutchison and Vijayan, 2010, Ding et al., 2014, Zhang
et al., 2020]. The breakup unconformity main con-
sensus is around 23 Ma, namely the MMU in many
studies [Steuer et al., 2014, Song and Li, 2015].

The main character of R2 is its homogeneous
upper syn-rift thickness, which correlates well the
northern and southern margins. The horizon of up-
per R2 flattens in several basins (Phu Khanh, Nam
Con Son (NCS), and the COT of Nanshan Islands),
and is offset slightly by normal faults. This stage il-
lustrates the space accommodation which develops
preferably horizontally rather than vertically. The
possible age of R2 on the Northern margin is 28 to
23 Ma [Lei and Ren, 2016]. In the NW Borneo Mar-
gin, the same age of R2 is extracted from the Sam-
pagita Well, although situated just N of the boundary
with Domain 1,and its end correlates nicely to that of
the incipient oceanic crust [Sibuet et al., 2016, Chang
et al., 2022]. The breakup occurred at 23 Ma and the
spreading lasted until 16 Ma. Likewise the Domain
1, the forebulge region resulted in a widespread area
of shallow-water depositional environment, which
developed a significant carbonate layer [Nido car-
bonates, Hatley, 1980, Williams, 1997, Steuer et al.,
2014]. It is however deepening toward the Borneo-
Palawan Trough, although a built-up reef exists along
the crest of the horst in the Dangerous Ground area
[Jamaludin et al., 2017].

Subsidence curves and subsidence rates from well
logging and speculated from seismic lines show a
mild subsidence until the middle of the Oligocene
corresponding to the R0 and R1 units [Figure 5,
Fang et al., 2016, Shi et al., 2017, Zhao et al., 2018].
A stronger subsidence began since 33 Ma and ac-
celerated afterward. This sequence corresponds to
R2, and onlaps on the seismic images prior to the
breakup unconformity (Figure 5).

4.3. Rifting stratigraphy in Domain 3

In Domain 3, no oceanic crust was developed be-
cause the opening of the South China Sea aborted
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Figure 5. Selected portions of seismic lines and major horizons underlying the stratigraphic sequences
R1, R2 and R3 discussed in text for Domain 2 (Central part of the SCS). Location of the seismic profiles
and wells see Figure 3. ROU is the base of R1, IRU is between the 2 thinning events (between R1 and
R2), and BU (Breakup Unconformity) marks the end of the rifting and the onset of the spreading at the
domain location).

just before the breakup at 16 Ma. The continen-
tal crust recorded two stages of rifting and the ex-
tensional structures of the NCS and Luconia basins
are influenced by the adjacent neighboring mid-
ocean ridge [Xia and Zhou, 1993, Huchon et al.,
2001, Hutchison, 2004, Ding et al., 2016, Luo et al.,
2021, Madon and Jong, 2022]. Several unconformi-
ties predated apparently the mature syn-rift units
by around 40 Ma and 32 Ma [Matthews et al., 1997,
Madon et al., 2013], probably representing the rift
onset in this region. One main unconformity sug-
gested the major rifting period from 24 Ma un-
til the extension terminated around 16 Ma as the

propagator ceased [Matthews et al., 1997, Madon
et al., 2013, Li et al., 2014].

The early stage of rifting is obscured, and R0 and
R1 (Cycle I; pre-24 Ma, in the Luconia province off-
shore Malaysia) cannot be undoubtedly discrimi-
nated. The Mesozoic basement was encountered at
the bottom of the R0/R1 unit [Areshev et al., 1992,
Wu and Yang, 1994]. Syn-rift units are separated into
two groups (I and II), showing similarities in the NCS
and Luconia basins [Franke et al., 2014, Madon et al.,
2013, Clerc et al., 2018, Madon and Jong, 2022]. Until
23 Ma, The R2 (Cycle II and Cycle III for petroleum
geologists of the S margin of the SCS) remains
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Figure 6. Selected portions of seismic lines and major horizons underlying the stratigraphic sequences
R1, R2 and R3 discussed in text for Domain 3 (NE of the SCS). Location of the seismic profiles and wells
see Figure 3. ROU is the base of R1, IRU is between the 2 thinning events (between R1 and R2), and BU
(Breakup Unconformity) marks the end of the rifting and the onset of the spreading at the domain
location.

characterized by horizontal to sub-horizontal seis-
mic facies overlying the intra-rift unconformities,
but without a breakup unconformity atop [Figure 6,
Hutchison, 2004, Li et al., 2014, Clerc et al., 2018,
Peng et al., 2018]. Most of the normal faults termi-
nate at an horizon dated around 16 Ma [red horizon
on Figure 6; Madon et al., 2013, Savva et al., 2014, Li
et al., 2014, Lunt, 2019].

Paleo-water depth gradually deepened by the wit-
ness of the well logging and also the pseudo-well
[Li et al., 2014, Madon et al., 2013]. Subsidence
rate curves did not record the R0 and R1 subsidence
curve in the published data. The distinct acceleration
found in the previous sections began at 23 Ma, which
corresponded to the detachment development, and

decreased after 16 Ma both in NCS and Luconia [Fig-
ure 6; Li et al., 2014, Jamaludin, 2022].

4.4. Diachronous rifting and seafloor spreading
in the SCS Margin

According to the above mentioned temporal record-
ing, most of the classical stages of evolution of a
margin can be seen in the South China Sea, but ap-
pear at a time that varies from D1 to D3. A simple
evolutionary age-table is compiled on Figure 7 to il-
lustrate the diachronism of the extensional events.
Although the end-members ages of the extension
history of the SCS are not significantly different (Late
Cretaceous for Ro to 16 Ma for the end of sea-floor
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Figure 7. Rifting diachronism by juxtaposing D1 to D3. The diachronism appeared from R1 unit and
goes on until the termination of seafloor spreading. ROU is the base of R1, IRU is between the 2 thinning
events (between R1 and R2), and BU (Breakup Unconformity) marks the end of the rifting and the onset
of the spreading at the domain location.

spreading), the different markers of the rifting vary
from the East to the West. The bracket of ages for
R1 to BU is younger toward the south; from 45–32
in D1, 38 to 23 in D2, and 45? to 16 in D3. Indeed,
a ridge jump with a shift in spreading direction at
23 Ma [Sibuet et al., 2016] is known and constitutes
an important point in time of the extension history.
This event marks the end of a rifting style controlled
by N–S wrench faults and pull-apart basins [Chang
et al., 2022], which marks the early stage of the open-
ing of the SCS, both for the rifting [Chan et al., 2010]
and for the spreading [Briais et al., 1993].

5. Convergent tectono-stratigraphy in Borneo
and Palawan

The tectonic evolution of the convergent margin in
Borneo and Palawan is also marked by key uncon-
formities which represent different stages of subduc-
tion and subsequent collision, as the thinned con-
tinental margin of the south of the SCS progres-
sively entered into the subduction zone of the PSCS.

In general, the core of the orogenic belt exposes
older and metamorphosed rocks of the Cretaceous
to Late Eocene Rajang Formation along the back-
bone in the central Borneo (grey shades in Figure 8).
The ophiolitic complexes attributed to the relics of
the PSCS are distributed in Palawan and Sabah (pur-
ple color in Figure 8) and show two juxtaposed clus-
ters of ages [Eocene and Mesozoic, Burton-Johnson
et al., 2020, Dycoco et al., 2021]. The metamor-
phism and ages of the sedimentary formations de-
crease outward in the case of the NW and SE Bor-
neo edifices (Figure 8), in accordance to a nor-
mal wedge (actually a fold-and-thrust belt) proceed-
ing toward the NW. On the NW side, the imbri-
cated wedge gradually narrow toward Palawan [Au-
relio et al., 2014]. This section reviews the strati-
graphic unconformities and thermo-chronological
data highlighting the initiation of uplift induced by
subduction/collision in each domain (D1 to D3).
The syn-tectonic and post-collision magmatism is
also integrated to assess the closure history of the
PSCS.
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Figure 8. (Left) Simplified geological map of Borneo and Palawan and main stratigraphic elements for
the convergence (Right) Tectono-stratigraphy of the closure of the PSCS from D3 to D1. The segment
locations shown in Figure 3. Diachronism illustrated by the beginning of uplift in Sarawak (D3) migrating
toward Palawan (D1). The termination of the orogenic event is around 16 Ma.

5.1. Tectonic-related stratigraphy in Domain 3

In the Sarawak region, each sedimentary formation
has been analyzed in terms of biostratigraphy and
detrital zircon [Galin et al., 2017, Hennig-Breitfeld
et al., 2019]. The Sarawak Orogeny Unconformity
(or Rajang Unconformity, Figure 8) is documented
on the ground of a stratigraphic hiatus extensively
distributed in central Borneo and along the Bukit
Mersing Line separating the Sibu and Miri Zone
[Hutchison, 2005, Cullen, 2010, Hall, 2013, van Hat-
tum et al., 2013, Hall and Breitfeld, 2017, Hennig-
Breitfeld et al., 2019]. After a generally continuous
deposition, another widespread unconformity, the
Nyalau Unconformity dated around 16 Ma is found
[Hennig-Breitfeld et al., 2019].

The Rajang Group mainly consists of deep-sea de-
positional environment in Sibu Zone (SW Borneo)
bearing sediments transported from Kuching hinter-
land toward the north [Haile, 1974, Tan, 1979, Bakar
et al., 2007, Galin et al., 2017, Hennig-Breitfeld et al.,
2019]. The water depth of the deposition appeared
have shallowed since 45 Ma without a distinct strati-
graphic hiatus in Sarawak [Figure 8, Haile, 1974, Tan,
1979, Hutchison, 1996, Bakar et al., 2007, Galin et al.,
2017, Hall and Breitfeld, 2017]. The shallowing may
suggest an uplift of sedimentary slices induced by

the embryonic subduction of the PSCS between 45
and 37 Ma. Acidic magmatism was produced within
this period of time [Prouteau et al., 1996]. Above the
Late Eocene unconformity, the Nyalau Unconformity
is underlain by Neogene strata, which is found in
offshore stratigraphy [Hageman, 1987], and is char-
acterized by gravity-driven deformation in the off-
shore fold-and-thrust belt of the Borneo-Palawan
Trough.

5.2. Tectonic-related stratigraphy in Domain 2

In Sabah (NW Borneo), the Late Eocene unconfor-
mity dated around 37 Ma is similarly found [Cullen,
2010, Sapin et al., 2011, Hall, 2013], resting on the
ophiolite exposed at the surface [Figure 8, Omang
and Barber, 1996, Graves et al., 2000, Chien et al.,
2019, Gibaga et al., 2020]. During latest Eocene to
Mid-Miocene, the well-studied Rajang and Crocker
groups, constitute the distal and proximal sediments
of the PSCS, now thrusted in the NW Borneo wedge.
Then During the Miocene, a slight hiatus is recog-
nized around 16 Ma and interpreted as the Deep-
Regional Unconformity [DRU, Figure 8, Levell, 1987,
Tan and Lamy, 1990, Hazebroek and Tan, 1993,
Chang et al., 2019] or the Nyalau Unconformity in
Hennig-Breitfeld et al. [2019]. It is followed by the
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Shallow Regional Unconformity (SRU) dated at Late
Miocene in most of Sabah area [Balaguru et al., 2003].

Abundant literature exist on these sediments of
the central part of the NW Borneo wedge. The deep-
sea sediments of the distal part of the PSCS (Rajang
Group) exposed northernmost Borneo (Trusmadi,
Kudat Peninsula area) are of early Paleogene. The
sediments were transported from the Schwaner
granitic province of Southern Borneo, as shown by
paleo-current measurements and the prominent
peak of detritus zircon [Jackson et al., 2009, Tongkul,
2003]. Later, the depositional environment changed
from deep-sea to marginal marine or shallow ma-
rine in Croker Formation and Setap Shale in Sabah
around Oligocene to Early Miocene [Jackson et al.,
2009, Zakaria et al., 2013], suggesting a period of up-
lift in the neighboring land masses. Paleo-drainage
reconstructions based on the age population of de-
trital zircon according to the sediment source sug-
gest the NE–SW backbone in Borneo was extensively
uplifted since Miocene, also resulting in the displace-
ment of the paleo-coastline from NW–SE to NE–SW
[Menier et al., 2017, Hennig-Breitfeld et al., 2019].
After DRU, horizontal to sub-horizontal strata ap-
pear to be restricted to close to the coastline or in the
offshore above the Middle Miocene Unconformity
(MMU) [Clennell, 1996, Cullen, 2010, Chang et al.,
2019]. The deltaic and nearshore sedimentary input
in the large Balingan and Baram deltas indicated
thrusting activity by this time was replaced by gravity
sliding [Sapin et al., 2012]. During the post-collision
period, the gravity-driven deformation involves a late
Neogene fold-and-thrust belt in offshore, surround-
ing circularly the Mount Kinabalu and accompanied
with E–W transfer zones in tip of Borneo [Cullen,
2010, Franke et al., 2008, Steuer et al., 2014, Chang
et al., 2019].

5.3. Tectonic-related stratigraphy in Domain 1

In Palawan, an early Cenozoic structural contact ex-
ists between the Cretaceous ophiolite and the Eocene
formation, suggesting the absence of the original
deep sea sediments overlying the Cretaceous crust
of the PSCS [Aurelio et al., 2014, Ilao et al., 2018].
In the offshore Palawan, the ophiolite and its meta-
morphic sole have been dated at 35 Ma, suggest-
ing that the subduction may have initiated at the
PSCS mid-ocean ridge [Keenan et al., 2016, Dycoco

et al., 2021]. During the same period, and until the
Early Miocene, a significant hiatus is observed on-
shore (although we have limited formation exposure)
(Figure 8). A later extensively distributed unconfor-
mity, the (MMU), with a hiatus, seals the deformation
around 15–20 Ma of the Nido Platform offshore and
onshore. In the past decades, the timing of this MMU
was debated due to the discrepancies in age from an
area to another and because it may represent the end
of the contraction of the wedge as well as the begin-
ning of the gravity sliding period [Hutchison, 2004,
Ilao et al., 2018].

In more detail, the Eocene stratigraphy (Panas
Formation) consists of sandstone interbedded with
shale and mudstone showing a deep-sea environ-
ment in the early history. With limited information
on Oligocene formation, the Nido Carbonate shows
the shallow water depth around Late Oligocene
[Steuer et al., 2013]. The Isugod Formation com-
menced receiving the deposits derived from ophio-
lite while the Panas Formation characterizing deep-
sea sediments [Suggate et al., 2014, Shao et al., 2017].
Meanwhile, the Nido Carbonate was thrusted in off-
shore Palawan, suggesting the timing of uplifting in
D1 region by the end of Early Miocene [Cullen et al.,
2010, Steuer et al., 2014, Kessler and Jong, 2016]. In
Palawan, the last stage of deformation is bracketed
by the end of the Pagasa wedge post-dating the Nido
Limestone (16 Ma) and before the deposition the
Tabon Limestone [9 Ma, Taguibao et al., 2012, Ilao
et al., 2018]. A gravity-driven structureaffects a nar-
row belt induced by the shale tectonic in offshore in
post-orogeny tectonic [Ilao et al., 2018].

6. Integration SCS and PSCS: correlation of a
paired extensional and contractional sys-
tem

The evolution of the paired system can be assessed
by unconformities on the two margins. Although
many unconformities are described during the Ter-
tiary evolution of SE Asia, this study selects wide-
spread events of the area encompassing the SCS and
PSCS area. In the South China Sea, three main un-
conformities including the rift-onset unconformity
(ROU), the intra-rift unconformity (IRU), and the
breakup unconformity (BU) may illustrate in a sim-
ple way the diachronism of the rifting process from
east to southwest (Figure 9). The extensional events
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Figure 9. Correlation between the SCS passive margin and the closure of the PSCS. (A) Correlation
of rifting events on the SCS margins. (B) Correlation of contractional events on the PSCS, basing on
unconformities and deformation in NW Borneo and Palawan Island. (C,D) Two representations of the
correlation between the events in the neighboring basins between the Early Eocene and the Middle
Miocene. Post Middle Miocene is mostly affected by post-tectonic vertical movements.

marked by the unconformities are found everywhere
on the margins of the SCS but at a different time. In
parallel, several main unconformities of the contrac-
tional realm of Borneo, illustrate the shortening of
the PSCS. Although it is more difficult to pin point the
ages of the different stages of the convergence, it is
relevant to see if correlation between the opening of
a basin and the closure of the other is relevant.

The IRU and the Sarawak Orogeny Unconfor-
mity where documented, are located within the
Eocene (Figure 9). The latest Oligocene (23 Ma)
highlights the initiation of shifting the extensional

direction in the SCS, and the related unconformity
(Top Croker Unconformity—TCU) can be traced
widespread c. 23 Ma [Briais et al., 1993, Sibuet
et al., 2016, Lunt, 2019, and reference herein]. In
the SCS, N–S rifting direction and seafloor spread-
ing lasted until 23 Ma and changed progressively
to a NW–SE direction. Precisions for the shift is
recorded by a total of 30° between the final rift-
ing in N–S direction and the oceanic formation
in NW–SE direction (Figure 9), and is seen in
the magnetic anomalies and the bathymetry on
oceanic crust [Briais et al., 1993, Lee and Lawver,
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1995, Sibuet et al., 2016]. It is also seen in the
structural mapping of the Phu Khank Basin [Savva
et al., 2013]. This modification was interpreted as a
ridge jump in the oceanic formation. The counter-
clockwise change is however relatively less obvious
in the East Sub-Basin.

The next unconformity, known as the deep-
regional unconformity (DRU) or Middle-Miocene
Unconformity (MMU), has been documented and
debated for decades. It marks the termination of
orogeny in Borneo and Palawan [Ilao et al., 2018,
Chang et al., 2019]. Chang et al. [2019] suggested that
this unconformity is diachronous along the collision
zone, which is dated at 16 Ma in Sarawak and appears
northward around Palawan at c. 12 Ma [Steuer et al.,
2014].

After the cessation of the opening, the SRU ap-
peared extensively in Sabah and also the MMU in
the offshore Palawan. Mobile shale was remobilized
[Chang et al., 2019]. This period is also marked by
several unconformities which are rather related to
magmatism. They are for instance the Mount Kin-
abalu in Sabah, the Mount Capoas in the northern
Palawan, and intra-plate Scarborough seamounts.

6.1. Temporality of events on reconstructions

The succession of events around the South China Sea
shows striking indicators of correlation, but also of
discrepancies. The global picture is that there is a
general time-link between the subduction and clo-
sure of a basin, or a series of small basins, located
south of the South China Sea (referred to as the Proto
South China Sea), and the timing of rifting, spread-
ing, change of spreading direction, and cessation of
spreading followed by bathymetric collapse. The sec-
ond order is that the precise review of the ages actu-
ally shows a migration of both the opening of the SCS
and the subduction of the PSCS followed by the colli-
sion in NE Borneo. We illustrate this proposition in a
series of simple sections and sketch maps (Figure 10).

6.1.1. Before the Eocene times (Figure 10 top left)

The first-stage rifting of the margins in the SCS
is well documented with an early extension starting
from the end of the Cretaceous to the Paleocene. The
rifting occurred from SCS extending toward NE to
the East China Sea [Teng and Lin, 2004, Guan et al.,
2016, Cheng et al., 2021]. During this period, the

oceanic crust of PSCS was located to the south that
juxtaposed with Dangerous Ground and the Borneo.

6.1.2. During Eocene to Oligocene (45–23 Ma)

The subduction initiated in Borneo and Palawan
(Figure 10 top right), resulting in the beginning of
developing detachment faults to accelerate thinning
the continental crusts in the SCS. The crustal archi-
tectures suggest extensive development of the de-
tachment faults associating the dramatic subsidence
solely in the SCS while no similar impact on the East
China Sea. While the collision occurred in Sarawak,
the Sabah and Palawan areas continued subduction
coincided the beginning of the rapid breakup in the
East Sub-Basin in the SCS, following the hyperexten-
sion stages around 32 Ma. The first propagator mi-
grating from East to West, stalling near the edge of the
former granitic arc, with a slight E–W compression
[Le Pourhiet et al., 2018]. The Southwest of the SCS
continued the rifting, developing detachment faults
in the main half grabens [Savva et al., 2013, Chang
et al., 2022, Madon and Jong, 2022], mostly in N–S di-
rection extension (Figure 10 top right).

6.1.3. The latest Oligocene (23 Ma) and early Miocene
(23–16 Ma)

Highlight the shift of extensional direction in the
SCS and the block rotation in Borneo. The spreading
propagator continued operating southwestward and
the spreading rate decreased from 25 to 15 mm·yr−1

in half spreading rate until it stopped at 16 Ma [Briais
et al., 1993, Deng et al., 2018, Sibuet et al., 2016]. This
may reflect a regional deceleration on both margins
of the subduction-driven process. This rearrange-
ment modified accordingly the extensional direction
in the vicinity of Spratly Islands and also the Phu
Khann Basin [Savva et al., 2013, Chang et al., 2022].
The mountain ranges progressively migrated north-
ward to the Sabah region and modified the river
drainages, suggesting the frontal wedge proceeding
NW toward direction in Sabah and Palawan. The
development of CCW rotation was accommodated
by the trench which also proceeding northwestward.
Back-arc extension started as a result in the Sulu Sea
[Rangin, 1989].

6.1.4. The middle Miocene to recent (after 16 Ma)

Stage suggests that the end of orogeny is fol-
lowed by the magmatism induced by slab breakoff,



Sung-Ping Chang and Manuel Pubellier 43

Figure 10. Schematic joint evolution of the PSCS/SCS; (A) opening of the PSCS as a back-arc basin.
(B) Beginning of closure in N. Borneo and incipient rifting of the SCS. (C) Subduction of the PSCS.
Right: beginning of rifting of the SCS and incipient sea floor spreading of the SCS in the Xisha Trough.
(D) Shift in opening of the SCS (propagation of the SW sub-basin), following the subduction of the
thinned continental margin of the SCS, beginning of the rotation of N. Borneo. (E) Suture of the PSCS
basin and beginning of the opening of the Sulu Sea. (F) Post-collision setting in N. Borneo, with plutonic
activity (Kinabalu Mt) and opening of the Sulu Sea propagating toward the SW. Arrow for the rotation of
Borneo. Solid and open triangles for active and extinct subduction. Red dots for plutons.

for instance, the Mount Kinabalu in Sabah and the
Mount Capoas in the northern Palawan [Encarna-
cion and Mukasa, 1997, Forster et al., 2015], and the
ages clustering around 16–17 Ma of adakites found
in Sarawak indicating asthenospheric upwelling af-
ter convergence [Prouteau et al., 1996, 2001, Breitfeld
et al., 2019, Wu and Suppe, 2017]. A slab break-off
magmatism followed this pattern and located the su-
ture zones where the locations of the slabs detached
underneath [Rangin et al., 1999, Sapin et al., 2011,
Hall and Spakman, 2015, Wu and Suppe, 2017].

The collapse of post-collision sedimentary pack-
ages characterized diapiric mobile shale or remobi-
lization of sedimentary mélange [Morley and Guerin,
1996, Morley et al., 2003, Sapin et al., 2012, Ilao
et al., 2018, Chang et al., 2019], induced by the
magmatic intrusion and uplift. Without further
mountain building, Late Neogene fold-and-trust belt

developed in the offshore Borneo and Palawan. Sev-
eral magmatism-related unconformities are also no-
ticed during in the SCS, while no significant crustal
thinning and seafloor spreading in this period [Jiang
et al., 2018, Xia et al., 2018, Fan et al., 2019, Gao et al.,
2019, Sun et al., 2020, Li et al., 2022].

7. Discussion

The correlation of the divergent and convergent mar-
gins provides a rare opportunity to evaluate the tec-
tonic processes in the geodynamic perspective. The
various timing of orogeny was often suggested re-
sulting from arrival time of the thinned continental
crust, derived from the South China, to the suture
zone varying in time and space. The former PSCS
margin geometry thus was implied a speculation of
a V-shaped oceanic closure in the PSCS [Hall, 2002,
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Pubellier et al., 2003], while coeval diachronism man-
ifests the V-shaped oceanic opening in the SCS. This
result strengthens the hypothesis that the SCS open-
ing in response the neighboring subduction.

The driving forces such as slab pull and retreat
are acknowledged to be the main driving forces for
opening and closure of marginal basins, although no
active example of active opening in the lower plate
exists on Earth. The mechanism of opening within
the down-going (or lower plate) is however always in-
voked for the evolution of the Tethysides. In this set-
ting, the subduction of the Tethys, is coeval with the
rifting of belts on the northern margin of Gondwana.
The process can be nowadays be modelled [Larvet
et al., 2022]. On the other hand, the down-going plate
consists of heterogeneities of the crust such as litho-
logic variations, thickness and thermal conditions,
and these parameters may vary along strike the col-
lision. Additional forces have been proposed in the
asthenospheric mantle, for the closure of a V-shaped
marginal sea [Wallace et al., 2009], and may also ac-
count for the example of the SCS/PSCS dual system.
The collision zone remains relatively immobile and
the subduction front proceeds and moves toward to
the trench, also suggested as a buoyant indentor. Ex-
amples of subduction varying sharply exit in many
active places, such as the North arm of Sulawesi [Sur-
mont et al., 1994]. Relevant production of igneous
crust such as back-arc extension initiates behind or
within the volcanic arc, as shown by the temporal and
spatial variation in the Eastern Mediterranean Sea
[Menant et al., 2016]. An additional driving force in
the asthenosphere is invoked in some numerical sim-
ulations to propose that toroidal flows induced when
the slab teared and triggers the rotation on the over-
riding crust [Menant et al., 2016, Magni et al., 2017].

8. Conclusion

The rifting-to-drifting history of the South China Sea
may at least be correlated in terms of stratigraphic
cuts with the subduction-collision of the Proto South
China Sea history observed in the NW Borneo wedge
and Palawan Island. The initial rifting in the SCS is
coeval with the beginning of the subduction in the
south, and the seafloor spreading of the SCS started
when the probably collision related classic sediments
of the Crocker group were shed in the PSCS. The ridge
jump in the SCS at 23 Ma may be connected with the

rotation in Borneo and Palawan during the Sarawak
Orogeny. Both horizontal movements terminated at
16 Ma, when tectonics was marked by vertical move-
ments illustrated by mass wasting on the Borneo-
Palawan margins and abnormal subsidence in both
margins. This interpretation is in line with a PSCS
and a SCS linked in the Cenozoic. This rare exam-
ple of the paired PSCS and SCS system may consti-
tute an analogue to ancient orogenies in the world.
Variations along the subduction of a marginal sea, in-
cluding the rotation of the upper plate, may actually
condition the rifting, the breakup, and the variation
of spreading direction of another basin in the lower
plate the lower plate.

Declaration of interests

The authors do not work for, advise, own shares in, or
receive funds from any organization that could bene-
fit from this article, and have declared no affiliations
other than their research organizations.

Dedication

This paper is dedicated to Jean Dercourt, who taught
MP (the 2nd author), stratigraphy and the meaning
of unconformities.

Acknowledgements

MCS data processing had been performed at ENS-
PSL/CNRS under the project “Mer de Chine T985”.
We thank CGG for giving us access to the CGG Geo-
vation 2013 software. The raw seismic data set can be
found online (www.geologie.ens.fr/imagerie/). We
are also grateful for the useful suggestions of anony-
mous reviewers.

References

Areshev, E. G., Dong, T. L., San, N. T., and Shnip, O. A.
(1992). Reservoirs in fractured basement on the
continental shelf of Southern Vietnam. J. Pet. Geol.,
15(4), 451–464.

Aurelio, M. A., Forbes, M. T., Taguibao, K. J. L., Savella,
R. B., Bacud, J. A., Franke, D., Pubellier, M., Savva,
D., Meresse, F., Steuer, S., and Carranza, C. D.
(2014). Middle to Late Cenozoic tectonic events in

www.geologie.ens.fr/imagerie/


Sung-Ping Chang and Manuel Pubellier 45

south and central Palawan (Philippines) and their
implications to the evolution of the south-eastern
margin of South China Sea: Evidence from on-
shore structural and offshore seismic data. Mar.
Pet. Geol., 58, 658–673.

Bakar, Z. A. A., Madon, M., and Muhamad, A. J.
(2007). Deep-marine sedimentary facies in the Be-
laga Formation (Cretaceous-Eocene), Sarawak: ob-
servations from new outcrops in the Sibu and Tatau
areas. Geol. Soc. Malaysia Bull., 53, 35–45.

Balaguru, A., Nichols, G., and Hall, R. (2003). The
origin of the “Circular Basins” of Sabah, Malaysia.
Bull. Geol. Soc. Malaysia, 46, 335–351.

Breitfeld, H. T., Macpherson, C., Hall, R., Thirlwall,
M., Ottley, C. J., and Hennig-Breitfeld, J. (2019).
Adakites without a slab: Remelting of hydrous
basalt in the crust and shallow mantle of Borneo to
produce the Miocene Sintang Suite and Bau Suite
magmatism of West Sarawak. Lithos, 344–345, 100–
121.

Briais, A., Patriat, P., and Tapponnier, P. (1993). Up-
dated interpretation of magnetic anomalies and
seafloor spreading stages in the South China Sea:
Implications for the Tertiary tectonics of Southeast
Asia. J. Geophys. Res.: Solid Earth, 98(B4), 6299–
6328.

Brune, S., Williams, S. E., Butterworth, N. P., and
Müller, R. D. (2016). Abrupt plate accelerations
shape rifted continental margins. Nature, 536, 201–
204.

Burton-Johnson, A., Macpherson, C. G., Millar, I. L.,
Whitehouse, M. J., Ottley, C. J., and Nowell, G. M.
(2020). A Triassic to Jurassic arc in north Bor-
neo: Geochronology, geochemistry, and genesis of
the Segama Valley Felsic Intrusions and the Sabah
ophiolite. Gondwana Res., 84, 229–244.

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. J. Struct. Geol.,
32(6), 746–754.

Chang, S.-P., Jamaludin, S. N. F., Pubellier, M., Zain-
uddin, N. M., and Choong, C. M. (2019). Colli-
sion, mélange and circular basins in north Borneo:
A genetic link? J. Asian Earth Sci., 181, article
no. 103895.

Chang, S.-P., Pubellier, M., Delescluse, M., Qiu, Y.,
Nirrengarten, M., Mohn, G., Chamot-Rooke, N.,
and Liang, Y. (2022). Crustal architecture and evo-

lution of the southwestern South China Sea: Impli-
cations to continental breakup. Mar. Pet. Geol., 136,
article no. 105450.

Chao, P., Manatschal, G., Chenin, P., Ren, J., Zhang,
C., Pang, X., Zheng, J., Yang, L., and Kusznir, N.
(2021). The tectono-stratigraphic and magmatic
evolution of conjugate rifted margins: Insights
from the NW South China Sea. J. Geodyn., 148, ar-
ticle no. 101877.

Cheng, Y., Wu, Z., Zhang, J., Liu, Y., Wang, Z., and
Dai, Y. (2021). Cenozoic rifting and inversion of
Beibuwan Basin and its linkage with the strike-slip
movement along the Ailao Shan-Red River Shear
Zone. Int. Geol. Rev., 64(20), 2966–2983.

Chenin, P., Manatschal, G., Picazo, S., Müntener, O.,
Karner, G., Johnson, C., and Ulrich, M. (2017). In-
fluence of the architecture of magma-poor hyper-
extended rifted margins on orogens produced by
the closure of narrow versus wide oceans. Geo-
sphere, 13(2), 559–576.

Chien, Y. H., Wang, K. L., Chung, S. L., Ghani, A. A.,
Iizuka, Y., Li, X. H., and Lee, H. Y. (2019). Age
and genesis of Sabah Ophiolite complexes in NE
Borneo. In Goldschmidt Abstracts, 18–23 August
2019, Barcelona, Spain, volume 598.

Clennell, B. (1996). Far-field and gravity tectonics
in Miocene basins of Sabah, Malaysia. Geol. Soc.
Lond. Spec. Publ., 106(1), 307–320.

Clerc, C., Ringenbach, J.-C., Jolivet, L., and Ballard,
J.-F. (2018). Rifted margins: Ductile deformation,
boudinage, continentward-dipping normal faults
and the role of the weak lower crust. Gondwana
Res., 53, 20–40.

Clift, P. D., Brune, S., and Quinteros, J. (2015). Climate
changes control offshore crustal structure at South
China Sea continental margin. Earth Planet. Sci.
Lett., 420, 66–72.

Cottam, M., Hall, R., Sperber, C., and Armstrong, R.
(2010). Pulsed emplacement of the Mount Kina-
balu granite, northern Borneo. J. Geol. Soc., 167(1),
49–60.

Cullen, A., Reemst, P., Henstra, G., Gozzard, S., and
Ray, A. (2010). Rifting of the South China Sea: new
perspectives. Pet. Geosci., 16(3), 273–282.

Cullen, A. B. (2010). Transverse segmentation of the
Baram-Balabac Basin, NW Borneo: refining the
model of Borneo’s tectonic evolution. Pet. Geosci.,
16(1), 3–29.

Deng, P., Mei, L., Liu, J., Zheng, J., Liu, M., Cheng, Z.,



46 Sung-Ping Chang and Manuel Pubellier

and Guo, F. (2018). Episodic normal faulting and
magmatism during the syn-spreading stage of the
Baiyun sag in Pearl River Mouth Basin: response
to the multi-phase seafloor spreading of the South
China Sea. Mar. Geophys. Res., 40(1), 33–50.

Ding, W., Li, J., and Clift, P. D. (2016). Spreading
dynamics and sedimentary process of the South-
west Sub-basin, South China Sea: Constraints from
multi-channel seismic data and IODP Expedition
349. J. Asian Earth Sci., 115, 97–113.

Ding, W., Li, J., Dong, C., and Fang, Y. (2014).
Oligocene–Miocene carbonates in the Reed
Bank area, South China Sea, and their tectono-
sedimentary evolution. Mar. Geophys. Res., 36(2–
3), 149–165.

Dycoco, J. M. A., Payot, B. D., Valera, G. T. V., Labis, F.
A. C., Pasco, J. A., Perez, A. D. C., 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. Tectono-
physics, 819, article no. 229085.

Encarnacion, J. and Mukasa, S. B. (1997). Age and
geochemistry of an “anorogenic” crustal melt and
implications for I-type granite petrogenesis. Lithos,
42(1–2), 1–13.

Fan, C., Xia, S., Cao, J., Zhao, F., Sun, J., Wan, K., and
Xu, H. (2019). Lateral crustal variation and post-rift
magmatism in the northeastern South China Sea
determined by wide-angle seismic data. Mar. Geol.,
410, 70–87.

Fang, P., Ding, W., Fang, Y., Zhao, Z., and Feng, Z.
(2016). Cenozoic tectonic subsidence in the south-
ern continental margin, South China Sea. Front.
Earth Sci., 11(2), 427–441.

Forster, M. A., Armstrong, R., Kohn, B., Lister, G. S.,
Cottam, M. A., and Suggate, S. (2015). Highly reten-
tive core domains in K-feldspar and their implica-
tions for 40Ar/39Ar thermochronology illustrated
by determining the cooling curve for the Capoas
Granite, Palawan, The Philippines. Aust. J. Earth
Sci., 62(7), 883–902.

Fournier, F., Borgomano, J., and Montaggioni, L. F.
(2005). Development patterns and controlling fac-
tors of Tertiary carbonate buildups: Insights from
high-resolution 3D seismic and well data in the
Malampaya gas field (Offshore Palawan, Philip-
pines). Sediment. Geol., 175(1–4), 189–215.

Franke, D., Barckhausen, U., Baristeas, N., En-
gels, M., Ladage, S., Lutz, R., Montano, J., Pelle-

jera, N., Ramos, E. G., and Schnabel, M. (2011).
The continent-ocean transition at the southeast-
ern margin of the South China Sea. Mar. Pet. Geol.,
28(6), 1187–1204.

Franke, D., Barckhausen, U., Heyde, I., Tingay, M.,
and Ramli, N. (2008). Seismic images of a collision
zone offshore NW Sabah/Borneo. Mar. Pet. Geol.,
25(7), 606–624.

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. Mar. Pet. Geol., 58, 704–720.

Fyhn, M. B. W., Boldreel, L. O., and Nielsen, L. H.
(2009). Geological development of the Central and
South Vietnamese margin: Implications for the es-
tablishment of the South China Sea, Indochinese
escape tectonics and Cenozoic volcanism. Tectono-
physics, 478(3), 184–214.

Galin, T., Breitfeld, H. T., Hall, R., and Sevastjanova,
I. (2017). Provenance of the Cretaceous–Eocene
Rajang Group submarine fan, Sarawak, Malaysia
from light and heavy mineral assemblages and U-
Pb zircon geochronology. Gondwana Res., 51, 209–
233.

Gao, J., Bangs, N., Wu, S., Cai, G., Han, S., Ma, B.,
Wang, J., Xie, Y., Huang, W., Dong, D., and Wang,
D. (2019). Post-seafloor spreading magmatism and
associated magmatic hydrothermal systems in the
Xisha uplift region, northwestern South China Sea.
Basin Res., 31(4), 688–708.

Gibaga, C. R. L., Arcilla, C. A., and Hoang, N.
(2020). Volcanic rocks from the central and south-
ern Palawan Ophiolites, Philippines: Tectonic and
mantle heterogeneity constraints. J. Asian Earth
Sci., X. 4, article no. 100038.

Graves, J. E., Hutchison, C. S., Bergman, S. C., and
Swauger, D. A. (2000). Age and MORB geochemistry
of the Sabah ophiolite basement. Bull. Geol. Soc.
Malaysia, 44, 151–158.

Guan, D. L., Ke, X. P., and Wang, Y. (2016). Basement
structures of East and South China Seas and adja-
cent regions from gravity inversion. J. Asian Earth
Sci., 117, 242–255.

Hageman, H. (1987). Paleobathymetrical changes in
NW Sarawak during Oligocene to Pliocene. Geol.
Soc. Malaysia Bull., 21, 91–102.

Haile, N. S. (1974). Borneo. In Spencer, A. M., editor,
Mesozoic-Cenozoic Orogenic Belts: Data for Oro-
genic Studies, Geological Society, London, Special



Sung-Ping Chang and Manuel Pubellier 47

Publications, 4, pages 333–347. Geological Society
of London.

Hall, R. (2002). Cenozoic geological and plate tec-
tonic evolution of SE Asia and the SW Pacific:
computer-based reconstructions, model and ani-
mations. J. Asian Earth Sci., 20(4), 353–431.

Hall, R. (2012). Late Jurassic–Cenozoic reconstruc-
tions of the Indonesian region and the Indian
Ocean. Tectonophysics, 570–571, 1–41.

Hall, R. (2013). Contraction and extension in north-
ern Borneo driven by subduction rollback. J. Asian
Earth Sci., 76, 399–411.

Hall, R. and Breitfeld, H. T. (2017). Nature and demise
of the Proto-South China Sea. Bull. Geol. Soc.
Malaysia, 63, 61–76.

Hall, R. and Spakman, W. (2015). Mantle structure
and tectonic history of SE Asia. Tectonophysics, 658,
14–45.

Hatley, A. G. (1980). The Philippines Nido reef com-
plex oil field, a case history of exploration and de-
velopment of a small oilfield. In Offshore South-
east Asia Conference, 26–29 February 1980. South-
east Asia Petroleum Exploration Society (SEAPEX),
Singapore, Singapore.

Hazebroek, H. P. and Tan, D. N. K. (1993). Tertiary
tectonic evolution of the NW Sabah continental
margin. Tectonic framework and energy resources
of the Western Margin of the Pacific Basin. Geol.
Soc. Malaysia Bull., 33, 195–210.

Hennig-Breitfeld, J., Breitfeld, H. T., Hall, R.,
BouDagher-Fadel, M., and Thirlwall, M. (2019).
A new upper Paleogene to Neogene stratigraphy
for Sarawak and Labuan in northwestern Borneo:
Paleogeography of the eastern Sundaland margin.
Earth-Sci. Rev., 190, 1–32.

Holloway, N. H. (1982). North Palawan Block,
Philippines—its relation to Asian mainland and
role in evolution of South China Sea. AAPG Bull.,
66(9), 1355–1383.

Huchon, P., Nguyen, T. N. H., and Chamot-Rooke, N.
(2001). Propagation of continental break-up in the
southwestern South China Sea. Geol. Soc. Lond.
Spec. Publ., 187(1), 31–50.

Hutchison, C. S. (1996). The ‘Rajang accretionary
prism’ and ‘Lupar Line’ problem of Borneo. Geol.
Soc. Lond. Spec. Publ., 106(1), 247–261.

Hutchison, C. S. (2004). Marginal basin evolution: the
southern South China Sea. Mar. Pet. Geol., 21(9),
1129–1148.

Hutchison, C. S. (2005). Geology of North-West Bor-
neo. Elsevier, Sarawak, Brunei and Sabah.

Hutchison, C. S., Bergman, S. C., Swauger, D. A., and
Graves, J. E. (2000). A Miocene collisional belt in
north Borneo: uplift mechanism and isostatic ad-
justment quantified by thermochronology. J. Geol.
Soc., 157(4), 783–794.

Hutchison, C. S. and Vijayan, V. R. (2010). What are
the spratly islands? J. Asian Earth Sci., 39(5), 371–
385.

Ilao, K. A., Morley, C. K., and Aurelio, M. A. (2018).
3D seismic investigation of the structural and
stratigraphic characteristics of the Pagasa Wedge,
Southwest Palawan Basin, Philippines, and their
tectonic implications. J. Asian Earth Sci., 154, 213–
237.

Jackson, C. A. L., Zakaria, A. A., Johnson, H. D.,
Tongkul, F., and Crevello, P. D. (2009). Sedimentol-
ogy, stratigraphic occurrence and origin of linked
debrites in the West Crocker Formation (Oligo-
Miocene), Sabah, NW Borneo. Mar. Pet. Geol.,
26(10), 1957–1973.

Jamaludin, S. N. F., Pubellier, M., and Menier, D.
(2017). Structural restoration of carbonate plat-
form in the southern part of Central Luconia,
Malaysia. J. Earth Sci., 29(1), 155–168.

Jamaludin, S. N. F. B. (2022). Cenozoic Tectonic Evolu-
tion and Succession of Carbonate Growth in Devel-
opment of Luconia-Balingan Provinces, Sarawak,
Malaysia. Phd thesis, The Universiti Teknologi
Petronas. 301 page.

Jiang, T., Gao, H., He, J., and Tian, D. (2018). Post-
spreading volcanism in the central South China
Sea: insights from zircon U–Pb dating on volcani-
clastic breccia and seismic features. Mar. Geophys.
Res., 40(2), 185–198.

Jolivet, L., Huchon, P., and Rangin, C. (1989). Tectonic
setting of Western Pacific marginal basins. Tectono-
physics, 160(1–4), 23–47.

Karig, D. (1974). Evolution of arc systems in the
Western Pacific. Annu. Rev. Earth Planet. Sci. Lett.,
2, 51–75.

Karig, D., Anderson, R., and Bibee, L. (1978). Char-
acteristics of back-arc spreading in the Mariana
Trough. J. Geophys. Res., 83, 1213–1226.

Keenan, T. E., Encarnacion, J., Buchwaldt, R., Fernan-
dez, D., Mattinson, J., Rasoazanamparany, C., and
Luetkemeyer, P. B. (2016). Rapid conversion of an
oceanic spreading center to a subduction zone in-



48 Sung-Ping Chang and Manuel Pubellier

ferred from high-precision geochronology. Proc.
Natl. Acad. Sci. USA, 47, E7359–E7366.

Kessler, F. L. and Jong, J. (2016). The South China Sea:
Sub-basins, regional unconformities and uplift of
the peripheral mountain ranges since the eocene.
Berita Sedimentologi, 35, 5–54.

Kudrass, H. R., Wiedicke, M., Cepek, P., Kreuzer, H.,
and Müller, P. (1986). Mesozoic and Cainozoic
rocks dredged from the South China Sea (Reed
Bank area) and Sulu Sea and their significance
for plate-tectonic reconstructions. Mar. Pet. Geol.,
3(1), 19–30.

Larsen, H. C., Mohn, G., Nirrengarten, M., Sun, Z.,
Stock, J., Jian, Z., Klaus, A., Alvarez-Zarikian, C. A.,
Boaga, J., Bowden, S. A., Briais, A., Chen, Y., Cukur,
D., Dadd, K., Ding, W., Dorais, M., Ferré, E. C.,
Ferreira, F., Furusawa, A., Gewecke, A., Hinojosa,
J., Höfig, T. W., Hsiung, K. H., Huang, B., Huang,
E., Huang, X. L., Jiang, S., Jin, H., Johnson, B. G.,
Kurzawski, R. M., Lei, C., Li, B., Li, L., Li, Y., Lin,
J., Liu, C., Liu, C., Liu, Z., Luna, A. J., Lupi, C.,
McCarthy, A., Ningthoujam, L., Osono, N., Peate,
D. W., Persaud, P., Qiu, N., Robinson, C., Satolli,
S., Sauermilch, I., Schindlbeck, J. C., Skinner, S.,
Straub, S., Su, X., Su, C., Tian, L., van der Zwan,
F. M., Wan, S., Wu, H., Xiang, R., Yadav, R., Yi, L.,
Yu, P. S., Zhang, C., Zhang, J., Zhang, Y., Zhao, N.,
Zhong, G., and Zhong, L. (2018). Rapid transition
from continental breakup to igneous oceanic crust
in the South China Sea. Nat. Geosci., 11(10), 782–
789.

Larvet, T., Le Pourhiet, L., and Agard, P. (2022). Cim-
merian block detachment from Gondwana: A slab
pull origin? Earth Planet. Sci. Lett., 596, article
no. 117790.

Le Pourhiet, L., Chamot-Rooke, N., Delescluse, M.,
May, D. A., Watremez, L., and Pubellier, M. (2018).
Continental break-up of the South China Sea
stalled by far-field compression. Nat. Geosci., 11(8),
605–609.

Lee, T.-Y. and Lawver, L. A. (1995). Cenozoic plate
reconstruction of Southeast Asia. Tectonophysics,
251(1–4), 85–138.

Lei, C. and Ren, J. (2016). Hyper-extended rift sys-
tems in the Xisha Trough, northwestern South
China Sea: Implications for extreme crustal thin-
ning ahead of a propagating ocean. Mar. Pet. Geol.,
77, 846–864.

Leloup, P. H., Arnaud, N., Lacassin, R., Kienast, J. R.,

Harrison, T. M., Trong, T. 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. J. Geo-
phys. Res., 106(B4), 6683–6732.

Levell, B. K. (1987). The nature and significance of re-
gional unconformities in the hydrocarbon-bearing
Neogene sequences offshore West Sabah. Bull.
Geol. Soc. Malaysia, 21, 55–90.

Li, C.-F., Li, J., Ding, W., Franke, D., Yao, Y., Shi,
H., Pang, X., Cao, Y., Lin, J., Kulhanek, D. K.,
Williams, T., Bao, R., Briais, A., Brown, E. A., Chen,
Y., Clift, P. D., Colwell, F. S., Dadd, K. A., Hernández-
Almeida, I., Huang, X.-L., Hyun, S., Jiang, T., Kop-
pers, A. A. P., Li, Q., Liu, C., Liu, Q., Liu, Z., Nagai,
R. H., Peleo-Alampay, A., Su, X., Sun, Z., Tejada, M.
L. G., Trinh, H. S., Yeh, Y.-C., Zhang, C., Zhang, F.,
Zhang, G.-L., and Zhao, X. (2015). Seismic stratig-
raphy of the central South China Sea basin and im-
plications for neotectonics. J. Geophys. Res.: Solid
Earth, 120(3), 1377–1399.

Li, F., Sun, Z., and Yang, H. (2018). Possible spatial
distribution of the mesozoic volcanic arc in the
present-day South China Sea continental margin
and its tectonic implications. J. Geophys. Res.: Solid
Earth, 123, 6215–6235.

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 mod-
eling study applied to the South China Sea margin.
Tectonics, 39(11), article no. e2020TC006409.

Li, G., Mei, L., Pang, X., Zheng, J., Ye, Q., and Hao, S.
(2022). Magmatism within the northern margin of
the South China Sea during the post-rift stage: An
overview, and new insights into the geodynamics.
Earth-Sci. Rev., 225, article no. 103917.

Li, L., Clift, P. D., Stephenson, R., and Nguyen, H. T.
(2014). Non-uniform hyper-extension in advance
of seafloor spreading on the vietnam continental
margin and the SW South China Sea. Basin Res.,
26(1), 106–134.

Liang, Y., Delescluse, M., Qiu, Y., Pubellier, M.,
Chamot-Rooke, N., Wang, J., Nie, X., Watremez,
L., Chang, S. P., Pichot, T., Savva, D., and Meresse,
F. (2019). Décollements, detachments, and rafts
in the extended crust of dangerous ground, South
China Sea: The role of inherited contacts. Tecton-
ics, 38(6), 1863–1883.



Sung-Ping Chang and Manuel Pubellier 49

Lin, A. T., Watts, A. B., and Hesselbo, S. P. (2003).
Cenozoic stratigraphy and subsidence history of
the South China Sea margin in the Taiwan region.
Basin Res., 15(4), 453–478.

Lin, Y. A., Colli, L., Wu, J., and Schuberth, B.
S. A. (2020). Where are the Proto-South China
Sea slabs? SE Asian plate tectonics and mantle
flow history from global mantle convection mod-
eling. J. Geophys. Res.: Solid Earth, 125(12), article
no. e2020JB019758.

Liu, W.-N., Li, C.-F., Li, J., Fairhead, D., and Zhou, Z.
(2014). Deep structures of the Palawan and Sulu
Sea and their implications for opening of the South
China Sea. Mar. Pet. Geol., 58, Part B, 721–735.

Lunt, P. (2019). A new view of integrating strati-
graphic and tectonic analysis in South China Sea
and north Borneo basins. J. Asian Earth Sci., 177,
220–239.

Lunt, P. and Madon, M. (2017). Onshore to offshore
correlation of northern Borneo; a regional perspec-
tive. Bull. Geol. Soc. Malaysia, 64, 101–122.

Luo, P., Manatschal, G., Ren, J., Zhao, Z., Wang,
H., and Tong, D. (2021). Tectono—Magmatic and
stratigraphic evolution of final rifting and breakup:
Evidence from the tip of the southwestern propa-
gator in the South China Sea. Mar. Pet. Geol., 129,
article no. 105079.

Madon, M. and Jong, J. (2022). The crustal structure
and evolution of the Bunguran Trough, offshore
Sarawak, Malaysia. Mar. Pet. Geol., 139, article
no. 105608.

Madon, M., Kim, C. L., and Wong, R. (2013). The
structure and stratigraphy of deepwater Sarawak,
Malaysia: Implications for tectonic evolution.
J. Asian Earth Sci., 76, 312–333.

Magni, V., Allen, M. B., van Hunen, J., and Bouilhol, P.
(2017). Continental underplating after slab break-
off. Earth Planet. Sci. Lett., 474, 59–67.

Marquis, G., Roques, D., Huchon, P., Coulon, O.,
Chamot-Rooke, N., Rangin, C., and Le Pichon, X.
(1997). Amount and timing of extension along the
continental margin off central Vietnam. Bull. Soc.
Géol. Fr., 168(6), 707–716.

Matthews, S. J., Fraser, A. J., Lowe, S., Todd, S. P.,
and Peel, E. J. (1997). Structure, stratigraphy and
petroleum geology of the south east Nam Con Son
basin, offshore Vietnam. In Fraser, A. J., Matthews,
S. J., and Murphy, R. W., editors, Petroleum Geol-
ogy of South East Asia, Geological Society, London,

Special Publications, 126, pages 89–106. Geological
Society of London.

Menant, A., Sternai, P., Jolivet, L., Guillou-Frottier,
L., and Gerya, T. (2016). 3D numerical model-
ing of mantle flow, crustal dynamics and magma
genesis associated with slab roll-back and tearing:
The eastern Mediterranean case. Earth Planet. Sci.
Lett., 442, 93–107.

Menier, D., Mathew, M., Pubellier, M., Sapin, F., Del-
caillau, B., Siddiqui, N., Ramkumar, M., and San-
tosh, M. (2017). Landscape response to progressive
tectonic and climatic forcing in NW Borneo: Impli-
cations for geological and geomorphic controls on
flood hazard. Sci. Rep., 7, article no. 457.

Miao, X.-Q., Huang, X.-L., Yan, W., Yang, F., Zhang,
W.-F., Yu, Y., Cai, Y.-X., and Zhu, S.-Z. (2021).
Two episodes of Mesozoic mafic magmatism in the
Nansha Block: Tectonic transition from continen-
tal arc to back-arc basin. Lithos, 404–405, article
no. 106502.

Morley, C. K. (2016). Major unconformi-
ties/termination of extension events and asso-
ciated surfaces in the South China Seas: Re-
view and implications for tectonic development.
J. Asian Earth Sci., 120, 62–86.

Morley, C. K., Back, S., Van Rensbergen, P., Crevello,
P., and Lambiase, J. J. (2003). Characteristics of re-
peated, detached, Miocene–Pliocene tectonic in-
version events, in a large delta province on an ac-
tive margin, Brunei Darussalam, Borneo. J. Struct.
Geol., 25(7), 1147–1169.

Morley, C. K. and Guerin, G. (1996). Comparison
of gravity-driven deformation styles and behavior
associated with mobile shales and salt. Tectonics,
15(6), 1154–1170.

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. J. Asian Earth Sci., 136, 110–123.

Nirrengarten, M., Mohn, G., Kusznir, N. J., Sapin, F.,
Despinois, F., Pubellier, M., Chang, S. P., Larsen,
H. C., and Ringenbach, J. C. (2020). Extension
modes and breakup processes of the southeast
China-Northwest Palawan conjugate rifted mar-
gins. Mar. Pet. Geol., 113, article no. 104123.

Omang, S. A. K. and Barber, A. J. (1996). Origin and
tectonic significance of the metamorphic rocks as-
sociated with the Darvel Bay Ophiolite, Sabah,
Malaysia. Geol. Soc. Lond. Spec. Publ., 106(1), 263–



50 Sung-Ping Chang and Manuel Pubellier

279.
Peng, X., Li, C.-F., Shen, C., Li, K., Zhao, Z., and Xie,

X. (2020). Anomalous lower crustal structure and
origin of magmatism in the southeastern margin of
the South China Sea. Mar. Pet. Geol., 122, article
no. 104711.

Peng, X., Shen, C., Mei, L., Zhao, Z., and Xie,
X. (2018). Rift–drift transition in the dangerous
grounds, South China Sea. Mar. Geophys. Res.,
40(2), 163–183.

Péron-Pinvidic, G., Manatschal, G., Minshul, T. A.,
and Sawyer, D. S. (2007). Tectonosedimentary evo-
lution of the deep Iberia-Newfoundland margins:
Evidence for a complex breakup history. Tectonics,
26(2), article no. TC2011.

Prouteau, G., Maury, R. C., Pubellier, M., Cotten,
J., and Bellon, H. (2001). Le magmatisme post-
collisionnel du Nord-Ouest de Borneo, produit de
la fusion d’un fragment de croute oceanique an-
cre dans le manteau superieur. Bull. Soc. Géol. Fr.,
172(3), 319–332.

Prouteau, G., Maury, R. C., Rangin, C., Suparka, E.,
Bellon, H., Pubellier, M., and Gotten, J. (1996).
Miocene adakites from northwest Borneo and their
relation to the subduction of the Proto South China
Sea. C. R. Acad. Sci.-Serie IIa: Sciences de la Terre et
des Planetes, 323(11), 925–932.

Pubellier, M., Ego, F., Chamot-rooke, N., and Rangin,
C. (2003). The building of pericratonic mountain
ranges: structural and kinematic constraints ap-
plied to GIS-based reconstructions of SE Asia. Bull.
Soc. Géol. Fr., 174(6), 561–584.

Pubellier, M. and Meresse, F. (2013). Phanerozoic
growth of Asia; Geodynamic processes and evolu-
tion. J. Asian Earth Sci., 72, 118–128.

Pubellier, M. and Morley, C. K. (2014). The basins of
Sundaland (SE Asia): Evolution and boundary con-
ditions. Mar. Pet. Geol., 58, 555–578. hal-03080821.

Rahmat, R., Chung, S.-L., Chen, C.-T., Ghani, A., Lee,
H.-Y., and Iizuka, Y. (2020). Zircon U-Pb ages and
Geochemical characteristics of Eocene Ophiolitic
Rocks from Banggi Island, Sabah (Northern Bor-
neo), Malaysia. In Conference Geosciences 2020:
New Horizon and Beyond, Taiwan.

Rangin, C. (1989). The Sulu Sea, a back-arc basin
setting within a Neogene collision zone. Tectono-
physics, 161(1–2), 119–141.

Rangin, C., Bellon, H., Benard, F., Letouzey, J., Muller,
C., and Sanudin, T. (1990a). Neogene arc-continent

collision in Sabah, Northern Borneo (Malaysia).
Tectonophysics, 183(1–4), 305–319.

Rangin, C., Jolivet, L., and Pubellier, M. (1990b). A
simple model for the tectonic evolution of south-
east Asia and Indonesian region for the past 43 My.
Bull. Géol. Soc. Fr., VI(6), 889–905.

Rangin, C., Spakman, W., Pubellier, M., and Bijwaard,
H. (1999). Tomographic and geological constraints
on subduction along the eastern Sundaland conti-
nental margin (South-East Asia). Bull. Soc. Géol. Fr.,
170(6), 775–788.

Roques, D., Ranero, C., and Huchon, P. (1997). Geom-
etry and sense of motion along the Vietnam con-
tinental margin: onshore/offshore Da Nang area.
Bull. Soc. Géol. Fr., 168(4), 413–422.

Sapin, F., Hermawan, I., Pubellier, M., Vigny, C., and
Ringenbach, J.-C. (2013). The recent convergence
on the NW Borneo Wedge—a crustal-scale grav-
ity gliding evidenced from GPS. Geophys. J. Int.,
193(2), 549–556.

Sapin, F., Pubellier, M., Lahfid, A., Janots, D.,
Aubourg, C., and Ringenbach, J. C. (2011). Onshore
record of the subduction of a crustal salient: exam-
ple of the NW Borneo Wedge. Terra Nova, 23(4),
232–240.

Sapin, F., Ringenbach, J. C., Rives, T., and Pubellier,
M. (2012). Counter-regional normal faults in shale-
dominated deltas: Origin, mechanism and evolu-
tion. Mar. Pet. Geol., 37(1), 121–128.

Savva, D., Meresse, F., Pubellier, M., Chamot-Rooke,
N., Lavier, L., Po, K. W., Franke, D., Steuer, S., Sapin,
F., Auxietre, J. L., and Lamy, G. (2013). Seismic
evidence of hyper-stretched crust and mantle ex-
humation offshore Vietnam. Tectonophysics, 608,
72–83.

Savva, D., Pubellier, M., Franke, D., Chamot-Rooke,
N., Meresse, F., Steuer, S., and Auxietre, J. L. (2014).
Different expressions of rifting on the South China
Sea margins. Mar. Pet. Geol., 58, 579–598.

Schellart, W. P., Chen, Z., Strak, V., Duarte, J. C., and
Rosas, F. M. (2019). Pacific subduction control on
Asian continental deformation including Tibetan
extension and eastward extrusion tectonics. Nat.
Commun., 10(1), article no. 4480.

Shao, L., Cao, L., Qiao, P., Zhang, X., Li, Q., and van
Hinsbergen, D. J. J. (2017). Cretaceous–Eocene
provenance connections between the Palawan
Continental Terrane and the northern South China
Sea margin. Earth Planet. Sci. Lett., 477, 97–107.



Sung-Ping Chang and Manuel Pubellier 51

Shi, X., Jiang, H., Yang, J., Yang, X., and Xu, H.
(2017). Models of the rapid post-rift subsidence in
the eastern Qiongdongnan Basin, South China Sea:
implications for the development of the deep ther-
mal anomaly. Basin Res., 29(3), 340–362.

Sibuet, J.-C., Yeh, Y.-C., and Lee, C.-S. (2016). Geo-
dynamics of the South China Sea. Tectonophysics,
692, 98–119.

Song, T. and Li, C.-F. (2015). Rifting to drifting transi-
tion of the Southwest Subbasin of the South China
Sea. Mar. Geophys. Res., 36(2–3), 167–185.

Steuer, S., Franke, D., Meresse, F., Savva, D., Pubel-
lier, M., and Auxietre, J.-L. (2014). Oligocene–
Miocene carbonates and their role for constraining
the rifting and collision history of the Dangerous
Grounds, South China Sea. Mar. Pet. Geol., 58, 644–
657.

Steuer, S., Franke, D., Meresse, F., Savva, D., Pubel-
lier, M., Auxietre, J.-L., and Aurelio, M. (2013). Time
constraints on the evolution of southern Palawan
Island, Philippines from onshore and offshore cor-
relation of Miocene limestones. J. Asian Earth Sci.,
76, 412–427.

Suggate, S. M., Cottam, M. A., Hall, R., Sevastjanova,
I., Forster, M. A., White, L. T., Armstrong, R. A.,
Carter, A., and Mojares, E. (2014). South China
continental margin signature for sandstones and
granites from Palawan, Philippines. Gondwana
Res., 26(2), 699–718.

Sun, Q., Magee, C., Jackson, C. A. L., Mitchell, S. J.,
and Xie, X. (2020). How do deep-water volca-
noes grow? Earth Planet. Sci. Lett., 542, article
no. 116320.

Surmont, J., Laj, C., Kissel, C., Rangin, C., Bellon,
H., and Priadi, B. (1994). New paleomagnetic con-
straints on the Cenozoic tectonic evolution of the
North Arm of Sulawesi, Indonesia. Earth Planet.
Sci. Lett., 3–4, 629–638.

Taguibao, K. J., Aurelio, M. A., Savva, D., and Pubel-
lier, M. (2012). Onshore Palawan structures: im-
plications on the evolution of the South China Sea.
In Proceedings of the 34th International Geological
Congress, Brisbane, Australia, 5–10 August 2012.

Tan, D. N. K. (1979). Lupar Valley, West Sarawak,
Malaysia: Explanation of Sheets 1-111-14, 1-111-
15, and Part of 1-111-16. National Printing Depart-
ment.

Tan, D. N. K. and Lamy, J. M. (1990). Tectonic evolu-
tion of the NW Sabah continental margin since the

Late Eocene. Bull. Geol. Soc. Malaysia, 27, 241–260.
Tang, X., Chen, L., Hu, S., Yang, S., Zhang, G., Shen,

H., Rao, S., and Li, W. (2014). Tectono-thermal
evolution of the Reed Bank Basin, Southern South
China Sea. J. Asian Earth Sci., 96, 344–352.

Tapponnier, P., Peltzer, G., Le Dain, A. Y., Armijo, R.,
and Cobbold, P. (1982). Propagating extrusion tec-
tonics in Asia: New insights from simple experi-
ments with plasticine. Geology, 10(12), 611–616.

Taylor, B. and Hayes, D. E. (1980). The tectonic evolu-
tion of the South China Basin. In Hayes, D. E., ed-
itor, The Tectonic and Geologic Evolution of South-
east Asian Seas and Islands. American Geophysical
Union (AGU).

Taylor, B. and Hayes, D. E. (1983). Origin and history
of the South China Sea Basin. In Hayes, D. E., ed-
itor, The Tectonic and Geologic Evolution of South-
east Asian Seas and Islands: Part 2. American Geo-
physical Union (AGU).

Teng, L. S. and Lin, A. T. (2004). Cenozoic tectonics of
the China continental margin: insights from Tai-
wan. Geol. Soc. Lond. Spec. Publ., 226(1), 313–332.

Tongkul, F. (2003). The structural style of Lower
Miocene sedimentary rocks, Kudat Peninsula,
Sabah. Bull. Geol. Soc. Malaysia, 49, 119–124.

van Hattum, M. W. A., Hall, R., Pickard, A. L., and
Nichols, G. J. (2013). Provenance and geochronol-
ogy of Cenozoic sandstones of northern Borneo.
J. Asian Earth Sci., 76, 266–282.

Vu, A. T., Wessel Fyhn, M. B., Xuan, C. T., Nguyen,
T. T., Hoang, D. N., Pham, L. T., and Van, H. N.
(2017). Cenozoic tectonic and stratigraphic de-
velopment of the Central Vietnamese continental
margin. Mar. Pet. Geol., 86, 386–401.

Wallace, L. M., Ellis, S., and Mann, P. (2009). Colli-
sional model for rapid fore-arc block rotations, arc
curvature, and episodic back-arc rifting in subduc-
tion settings. Geochem. Geophys. Geosyst., 10(5), ar-
ticle no. Q05001.

Wang, P., Li, S., Suo, Y., Guo, L., Wang, G., Hui, G.,
Santosh, M., Somerville, I. D., Cao, X., and Li, Y.
(2020). Plate tectonic control on the formation and
tectonic migration of Cenozoic basins in northern
margin of the South China Sea. Geosci. Front.,
11(4), 1231–1251.

Williams, H. H. (1997). Play concepts-northwest
Palawan, Philippines. J. Asian Earth Sci., 15, 251–
273.

Wu, J. and Suppe, J. (2017). Proto-South China Sea



52 Sung-Ping Chang and Manuel Pubellier

plate tectonics using subducted slab constraints
from tomography. J. Earth Sci., 29, 1304–1318.

Wu, J. M. and Yang, M. Z. (1994). Age analysis of seis-
mic sequences in the southwestern South China
Sea (in Chinese). Geol. Res. South China Sea, 6, 16–
29.

Wu, S. G., Yuan, S. Q., Zhang, G. C., Ma, Y. B., Mi,
L. J., and Xu, N. (2009). Seismic characteristics of
a reef carbonate reservoir and implications for hy-
drocarbon exploration in deepwater of the Qiong-
dongnan Basin, northern South China Sea. Mar.
Pet. Geol., 26(6), 817–823.

Xia, K. Y. and Zhou, D. (1993). The geophysical char-
acteristics and evolution of northern and south-
ern margins of the South China Sea. Geol. Soc.
Malaysia Bull., 33, 223–240.

Xia, S., Zhao, F., Zhao, D., Fan, C., Wu, S., Mi, L.,
Sun, J., Cao, J., and Wan, K. (2018). Crustal plumb-
ing system of post-rift magmatism in the northern
margin of South China Sea: New insights from in-
tegrated seismology. Tectonophysics, 744, 227–238.

Xiao, M., Yao, Y.-J., Cai, Y., Qiu, H.-N., Xu, Y.-G., Xu,
X., Jiang, Y.-D., Li, Y.-B., Xia, X.-P., and Yu, Y.-J.
(2019). Evidence of early cretaceous lower arc crust
delamination and its role in the opening of the
South China Sea. Gondwana Res., 76, 123–145.

Xie, H., Zhou, D., Li, Y., Pang, X., Li, P., Chen, G., Li, F.,
and Cao, J. (2014). Cenozoic tectonic subsidence
in deepwater sags in the Pearl River Mouth Basin,
northern South China Sea. Tectonophysics, 615–
616, 182–198.

Xie, X., Ren, J., Pang, X., Lei, C., and Chen, H. (2019).
Stratigraphic architectures and associated uncon-
formities of Pearl River Mouth basin during rifting
and lithospheric breakup of the South China Sea.
Mar. Geophys. Res., 40(2), 129–144.

Yan, P. and Liu, H. L. (2004). Tectonic-stratigraphic di-
vision and blind fold structures in Nansha Waters,
South China Sea. J. Asian Earth Sci., 24(3), 337–348.

Yan, P., Wang, L., and Wang, Y. (2014a). Late Mesozoic
compressional folds in Dongsha Waters, the north-
ern margin of the South China Sea. Tectonophysics,
615–616, 213–223.

Yan, Q., Shi, X., and Castillo, P. R. (2014b). The late
Mesozoic-Cenozoic tectonic evolution of the South
China Sea: A petrologic perspective. J. Asian Earth
Sci., 85, 178–201.

Yao, Y., Liu, H., Yang, C., Han, B., Tian, J., Yin,
Z., Gong, J., and Xu, Q. (2012). Characteristics

and evolution of Cenozoic sediments in the Liyue
Basin, SE South China Sea. J. Asian Earth Sci., 60,
114–129.

Ye, Q., Mei, L., Shi, H., Du, J., Deng, P., Shu, Y.,
and Camanni, G. (2020). The influence of pre-
existing basement faults on the Cenozoic structure
and evolution of the proximal domain, northern
South China Sea rifted margin. Tectonics, 39, article
no. e2019TC005845.

Zakaria, A. A., Johnson, H. D., Jackson, C. A. L., and
Tongkul, F. (2013). Sedimentary facies analysis and
depositional model of the Palaeogene West Crocker
submarine fan system, NW Borneo. J. Asian Earth
Sci., 76, 283–300.

Zhang, J., Wu, Z., Shen, Z., Dong, C., Wang, C., and
Zhao, Y. (2020). Seismic evidence for the crustal
deformation and kinematic evolution of the Nan-
sha Block, South China Sea. J. Asian Earth Sci., 203,
article no. 104536.

Zhang, Q., Guo, F., Zhao, L., and Wu, Y. (2017). Geo-
dynamics of divergent double subduction: 3-D nu-
merical modeling of a Cenozoic example in the
Molucca Sea region, Indonesia. J. Geophys. Res.:
Solid Earth, 122(5), 3977–3998.

Zhao, Z., Sun, Z., Sun, L., Wang, Z., and Sun, Z. (2018).
Cenozoic tectonic subsidence in the Qiongdong-
nan Basin, northern South China Sea. Basin Res.,
30, 269–288.

Zhou, D. (2014). Marginal Seas. In Harff, J.,
Meschede, M., Petersen, S., and Thiede, J., editors,
Encyclopedia of Earth Sciences Series, pages 1–7.
Springer, Dordrecht.

Zhou, D., Ru, K., and Chen, H.-Z. (1995). Kine-
matics of Cenozoic extension on the South China
Sea continental margin and its implications for the
tectonic evolution of the region. Tectonophysics,
251(1–4), 161–177.

Zhou, D., Sun, Z., Chen, H.-Z., Xu, H.-H., Wang,
W.-Y., Pang, X., Cai, D.-S., and Hu, D.-K. (2008).
Mesozoic paleogeography and tectonic evolution
of South China Sea and adjacent areas in the con-
text of Tethyan and Paleo-Pacific interconnections.
Isl. Arc, 17(2), 186–207.

Zhou, Z., Mei, L., Liu, J., Zheng, J., Chen, L., and Hao,
S. (2018). Continentward-dipping detachment
fault system and asymmetric rift structure of the
Baiyun Sag, northern South China Sea. Tectono-
physics, 726, 121–136.


	1. Introduction
	2. Geological background
	3. Methodology
	4. Tectono-stratigraphy of the rifting andspreading in the South China Sea
	4.1. Rifting stratigraphy in Domain 1
	4.2. Rifting stratigraphy in Domain 2
	4.3. Rifting stratigraphy in Domain 3
	4.4. Diachronous rifting and seafloor spreading in the SCS Margin

	5. Convergent tectono-stratigraphy in Borneo and Palawan
	5.1. Tectonic-related stratigraphy in Domain 3
	5.2. Tectonic-related stratigraphy in Domain 2
	5.3. Tectonic-related stratigraphy in Domain 1

	6. Integration SCS and PSCS: correlation of a paired extensional and contractional system
	6.1. Temporality of events on reconstructions
	6.1.1. Before the Eocene times (Figure 10 top left)
	6.1.2. During Eocene to Oligocene (45–23 Ma)
	6.1.3. The latest Oligocene (23 Ma) and early Miocene (23–16 Ma)
	6.1.4. The middle Miocene to recent (after 16 Ma)


	7. Discussion
	8. Conclusion
	Declaration of interests
	Dedication
	Acknowledgements
	References

