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Abstract: Newly-acquired seismic data reveal widespread carbonate deposits covering a large part of the northwestern
South China Sea margin. Three carbonate platforms are identified to have developed on the topographic highs inherited
from tectonic deformation and volcanic accretion. Across the carbonate platforms, the Miocene strata are characterized by
high-amplitude seismic reflections and distinct platform architecture that overlaps older strata. The Guangle and Xisha
carbonate platforms grew on faulted blocks due to South China Sea continental rifting, while the Zhongjian carbonate
platform developed on a structural high induced by early Miocene volcanism. During the late Miocene, partial drowning
resulted in the inhibition of platform growth, eventual platform drowning and termination of most carbonate deposition. The
drowning of the Guangle and Zhongjian carbonate platforms is shown by the supply of siliciclastic sediments during the
late Miocene and seems to be closely linked to late Neogene volcanic activity, whilst the drowning of the Xisha carbonate
platform is primarily related to relative eustatic changes. Our results imply that tectonic activity, volcanism and eustasy are
the dominant controls on the evolution of carbonate platforms on the northwestern margin of the South China Sea.
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1 Introduction
Carbonate platforms are recognised from seismic data
all over the world, mainly developing in tropical and
subtropical settings (Wu et al., 2014). Carbonate platforms
are large tabular bodies of shallow-marine limestone and
dolostone that can survive in the geological record for
billions of years (Fralick and Riding, 2015). Their
architecture is influenced by a combination of tectonics,
eustasy, oceanography and climatic conditions, that cause
complex variations in platform morphology (e.g, ramp,
steep-sloped platform, or bypass escarpment) and internal
facies distribution (Fulthorpe and Schlanger, 1989; Halfar
et al., 2004; Lukasik and Simo, 2008; Higgins et al., 2009;
Bergmann et al., 2013; Verwer et al., 2013; Wu et al.,
2014; Li et al., 2020). The study of carbonate platforms is
important in shedding light on reef geometries in response
to tectonics, climate, ecological variations and petroleum
exploration, due to their reservoir potential (Espejel et al.,
2019). Some of the best examples of such potential are
recorded in the South China Sea (Neuhaus et al., 2004;
Ding et al., 2014; Hutchison, 2014).
The South China Sea has undergone multi-phase
evolution, from rifting to continental rupture (Taylor and
Hayes, 1980, 1983; Ru and Pigott, 1986; Briais et al.,
1993; Franke, 2013; Li et al., 2014; Zhao et al., 2016; Sun
et al., 2016; Larsen et al., 2018) (Fig. 1). During this
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period, Cenozoic faulting, block tilting and volcanism
occurred and can be found on the continental margins of
the South China Sea (Fyhn et al., 2009a; Franke, 2013;
Savva et al., 2013; Li et al., 2014; Sun et al., 2016;
Cameselle et al., 2017). Evidence from geological and
geophysical studies reveal extensive carbonate production
along the South China Sea continental margin during the
Neogene (Fulthorpe and Schlanger, 1989; Mayall et al.,
1997; Matthews et al., 1997; Lee and Watkins, 1998; Lee
et al., 2001; Vahrenkamp et al., 2004; Fournier et al.,
2005; Fyhn et al., 2009a, b; Wu et al., 2009; Ma et al.,
2011; Fyhn et al., 2013; Wu et al., 2014). Carbonate
deposition is suggested to begin during the early Miocene,
probably due to the early Miocene transgression, which is
linked to the opening of the South China Sea (Fyhn et al.,
2009a, b; Ma et al., 2011; Wu et al., 2014) (Fig. 2).
Neogene carbonates often develop on topographic highs
inherited from Cenozoic continental rifting and volcanism
(Fulthorpe and Schlanger, 1989; Matthews et al., 1997;
Lee and Watkins, 1998; Lee et al., 2001; Vahrenkamp et
al., 2004; Fournier et al., 2005; Fyhn et al., 2009a; Ma et
al., 2011; Wu et al., 2014; Wang et al., 2018). The growth
and demise of Neogene carbonates on the northwestern
South China Sea margin have been interpreted as being
controlled by factors related to structural setting, climatic
and oceanographic conditions, terrigenous sediment
supply and volcanism (Fournier et al., 2004; Fournier et
al., 2005; Fyhn et al., 2009b; Sattler et al., 2009; Wilson,
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Fig. 1. A topographic relief map, showing the key geomorphological features in the South China Sea
(e.g, Dongsha Island, Northwest Sub-basin, Zhongsha Islands and Southwest Sub-basin).
The black rectangle indicates the location of the study area. The map shows the location of Hainan Island, Zhongsha Island
and the Southwest Sub-basin in relation to the study area. The red solid lines indicate the distribution of faults on the west
South China Sea margin (modified after Tapponnier et al., 1982; Leloup et al., 1995; Savva et al., 2013; Vu et al., 2017).
RRFZ: Red River Fault Zone.

Fig. 2. Depth contour map showing the location of the uplifts (carbonate platforms) in the northwestern South China Sea.
The bold lines show the location of the seismic profiles used in this study.
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2011; Ma et al., 2011; Fyhn et al., 2013; Wu et al., 2014;
Ding et al., 2015).
Building on these previous syncretic works, we present
a combined study of Miocene carbonate platforms on the
northwestern South China Sea continental margin, using
newly acquired high-resolution seismic data. In this study,
we investigate three carbonate platforms in terms of their
morphology and distribution, as well as their controlling
factors. The new information presented in this study will
improve understanding of the evolution of carbonate
systems on the northwestern South China Sea margin.
This study also stresses the important role of both tectonic
evolution and climate change on the formation of
carbonate platforms in the South China Sea and on other
continental margins worldwide.
2 Geological Settings
The northwestern margin is a key sector of the South
China Sea that connects Indochina via the Red River Fault
Zone, formed in response to both extensional deformation
of the South China Sea and strike-slip movement along the
Red River Fault Zone (Tapponnier et al., 1982; Leloup et
al., 1995; Fyhn et al., 2009a, b; Savva et al., 2013; Vu et
al., 2017) (Fig. 1). The South China Sea has undergone
multi-phased continental rifting since the Paleogene, most
likely from early Eocene to early Oligocene, ultimately

facilitating the opening of the South China Sea during the
early Oligocene to middle Miocene (32–15 Ma) (Taylor
and Hayes, 1983; Li et al., 2014; Sun et al., 2016).
Underlying the northwestern South China Sea continental
margin are a number of grabens and half-grabens
separated by structural highs (Fyhn et al., 2009a; Franke,
2013; Savva et al., 2014; Cameselle et al., 2017).
Previous studies have suggested that seafloor spreading
occurred in two main pulses throughout the South China
Sea (Fig. 2). The timing of seafloor spreading in the
Northeast Sub-basin has been revised from 33 Ma to 15
Ma, as well as in the Southwest Sub-basin from 23.6 Ma
to 16 Ma (Li et al., 2014). As a result, fully marine
conditions are recorded along the northwestern South
China Sea margin following the onset of seafloor
spreading in the Southwest Sub-basin (Mayall et al., 1997;
Matthews et al., 1997; Fyhn et al., 2009a, b; Wu et al.,
2009; Yang et al., 2017). After the middle Miocene,
regional uplift, fault reactivation, erosion and accelerated
depositional rates occurred as a result of igneous processes
that took place in the region (Carter et al., 2000; Fyhn et
al., 2009; Savva et al., 2013).
Fluvial-lacustrine sandstones, mudstones and shales
dominated the Paleogene sequences, which are overlain by
the carbonate facies of the early-middle Miocene (Fig. 3).
Neogene rocks consist of carbonates, marls, sandstones,
and shales (Matthews et al., 1997; Fyhn et al., 2009a;

Fig. 3. Stratigraphic column of the northwestern South China Sea continental margin
(modified after Fyhn et al., 2009a; Fyhn et al., 2013; Zhang et al., 2019) showing
regional unconformities and lithostratigraphic units.
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Fyhn et al., 2013; Vu et al., 2017) (Fig. 3). From previous
observations, a regional picture emerges of widespread
Cenozoic carbonates in the northwestern South China Sea
(Fyhn et al., 2009a, b; Wu et al., 2009; Ma et al., 2011;
Fyhn et al., 2013; Wu et al., 2014). Carbonates have
mainly been deposited on the structural highs, including
uplifted fault blocks and volcanic seamounts (Fyhn et al.,
2009a, b; Wu et al., 2009; Ma et al., 2011; Fyhn et al.,
2013). Evidence from geological and geophysical data has
shown that carbonate deposition in the northwestern South
China Sea was initiated during the early Miocene and
locally continues to the present (Fyhn et al., 2009a, b; Wu
et al., 2009; Ma et al., 2011; Fyhn et al., 2013; Wu et al.,
2014; Wang et al., 2018) (Fig. 3).
Geological and geophysical studies have provided
evidence for intense post-rift magmatism throughout the
northern South China Sea margin (Tu et al., 1992; Hoang
and Flower, 1998; Yan et al., 2006; Xu et al., 2012; Wang
et al., 2012; Zhao et al., 2016; Zhang et al., 2016; Song et
al., 2017; Xia et al., 2018; Wang et al., 2018a). Seismic
and well data combined with outcrop geology both
onshore and offshore suggest that basaltic volcanism and
the contemporaneous Neogene uplift took place in the
northwestern South China Sea from the early Miocene
onwards (Zou et al., 1993; Hoang and Flowers, 1998; Lee
and Watkins, 1998; Fyhn et al., 2009a; Fyhn et al., 2013;
Vu et al., 2017; Song et al., 2017; Wang et al., 2018; Gao
et al., 2019) (Fig. 3). Numerous volcanoes, intrusive
bodies and lava flows have been identified on seismic
profiles, showing a range of morphologies (Fyhn et al.,
2009a; Fyhn et al., 2013; Vu et al., 2017; Song et al.,
2017; Wang et al., 2018; Gao et al., 2019) (Fig. 3).
3 Data and Methods
In this study, we used two-dimensional (2D) multi-
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channel seismic data acquired by the China National
Petroleum Company (CNPC) in 2005 (Figs. 4–8). In
general, the seismic data had a penetration down to 8s two
-way travel time (TWT). Seismic interpretation was
conducted using the Landmark software. We identified
and mapped the carbonate platforms and reefs on
intersecting 2D seismic lines, following classical seismic
characteristics of carbonate platforms (Ma et al., 2011;
Fyhn et al., 2013; Wu et al., 2014) (Figs. 4–8).
The published seismic stratigraphy from the
northwestern South China Sea margin provides
sedimentological information and age controls on the
timing of sedimentary sequences and identified carbonate
platforms (Fyhn et al., 2009a; Sun et al., 2011; Lu et al.,
2017) (Figs. 3–8). In addition, the ages of the Neogene
sequences were supported by seismic ties to three wells
(Fyhn et al., 2009b; Fyhn et al., 2013; Vu et al., 2017).
4 Results
4.1 Seismic Stratigraphy
Seismic-stratigraphic interpretations of four key
regional unconformities were mapped, based on the
interpretation of two-dimensional multi-channel seismic
profiles (Figs. 4–8). The oldest unconformity Tg coincides
with the top of the Mesozoic basement, characterized by
high-amplitude, continuous reflections. Unconformity T60
represents a base of the Miocene unconformity, separating
the syn- and post-rift successions (Li et al., 2014; Sun et
al; 2016; Zhao et al., 2016). Horizon T50 represents the
end of seafloor spreading in the South China Sea. Horizon
T40 comprises the end of the middle Miocene regional
unconformity. Horizon T30 represents the upper MiocenePliocene regional unconformity (Figs. 4–8).
Three major seismic sequences confined by regional
unconformities were described (Figs. 4–8). Underlying the

Fig. 4. Uninterpreted and interpreted seismic sections showing isolated carbonate platforms in the study area.
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Fig. 5. (a) and (b) Seismic profile and schematic interpretation (see location in Fig.1) carried out along the Guangle Uplift, Zhongjian Uplift and Xisha Uplift, showing key unconformities and depositional units. Note the northwestern South China Sea margin is
characterized by a number of grabens and half-grabens separated by structural highs.

Fig. 6. (a) and (b) Regional seismic profile across the Guangle Uplift and Xisha Uplift and corresponding stratigraphic interpretation showing key horizons. Location indicated on Fig. 2.

northwestern South China Sea continental margin are a
number of grabens and half-grabens separated by
basement highs (Figs. 4–5). The syn-rift succession tends
to be strongly deformed and shows chaotic internal
reflections, with variable amplitude above the acoustic
basement (Figs. 4–8). The syn-rift succession was
suggested to be filled with predominantly continental
fluvio-lacustrine sediments (Fyhn et al., 2009a, b).

The syn- and post-rift successions in the northwestern
South China Sea are separated by Horizon T60, that
onlaps and downlaps the syn-rift strata (Figs. 4–8). Above
Horizon T60 (base of the early Miocene), the decrease in
fault activity reveals a change towards tectonic stability,
when continental rifting terminated in the northwestern
South China Sea (Figs. 4–5). Over most of the Guangle
Uplift, Zhongjian Uplift and Xisha Uplift, the Miocene

Acta Geologica Sinica (English Edition), 2021, 95(1): 142–152

147

Fig. 7. Seismic section across the Guangle Uplift, illustrating the growth and drowning of the Guangle carbonate platform. Note the wedge-shaped sedimentary bodies onlapping on the edge of the Guangle Uplift.
Location of seismic profile indicated on Fig. 2.

Fig. 8. Seismic section across the Xisha Uplift, illustrating the interplay between the growth and drowning
of the Xisha carbonate platform. Location of seismic profile indicated on Fig. 2.

strata are composed of a distinct wavy and discontinuous
platform architecture, thickly developed platform
carbonates being encountered in wells over the offshore
northwestern South China Sea. Borehole data also shows
that marine transgression took place and widespread

carbonate deposition was initiated during the early
Miocene (Matthews et al., 1997; Fyhn et al., 2009b; Fyhn
et al., 2013; Wu et al., 2014; Vu et al., 2017).
The late Miocene to Holocene strata shows continuous,
moderate amplitude reflections (Figs. 4–8). Its basal
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surface T40 separates lower and middle Miocene
carbonates from late Miocene strata with a decrease in
reflection amplitudes, indicating an abrupt upward
transition from limestones to deep marine mudstones
(Figs. 4–8). Wedge-shaped sedimentary bodies are
observed and interpreted as submarine fans immediately
onlapping on the edge of the Guangle Uplift in places,
corresponding to the top of upper Miocene platform
carbonates and covered by thin late Neogene sediments or
even exposed on the seafloor (Fig. 5). Large channel
incisions, imaged as local variations in erosion and
sediment infill, occur and onlap the foot of the clinoforms.
The hiatus was suggested to be formed in response to
widespread igneous processes (Carter et al., 2000; Fyhn et
al., 2009a, b; Savva et al., 2013).
4.2 Seismic characteristics of three Miocene carbonate
platforms
A carbonate platform is defined as a thick sequence of
shallow-water carbonates (Tucker and Wright, 2009). It is
a topographic high and localized thick region. Generally,
the boundary of a carbonate platform, including its top,
base and lateral margins, are characterized by highamplitude reflections (Fig. 4). Onlap terminations occur at
platform margins (Fig. 4). The internal reflection pattern
of carbonate platforms consists of continuous, flat or
nearly flat, low-high amplitude reflections (Fig. 4)
(Burgess et al., 2012). Aggradation, progradation and
retrogradation commonly occur within carbonate
platforms.
Three Miocene carbonate platforms were identified,
which are developed on three wide structural highs
separated by a narrow depression (Figs. 5–9). The
Guangle Uplift was connected to the Qiongdongnan Basin

in the north and was attached to the Vietnamese mainland
in the west (Figs. 6 and 7). The Zhongjian Uplift and
Xisha Uplift was separated by the Zhongjian Trough (Fig.
2).
On the Guangle Uplift, a wavy and discontinuous
reflection pattern characterizes the early to late Miocene
succession and is interpreted as a Miocene carbonate
platform (Figs. 6 and 7). The carbonates in this area
directly overly thin pre-Paleogene sediment and Mesozoic
granitic basement. In the Guangle Uplift area, the
carbonate succession is up to 1.0 s (TWT) thick in places,
which makes it one of the largest carbonate platforms in
the South China Sea (Figs. 6 and 7). Towards the
downslope, isolated carbonate platforms and reefs are only
developed at structural highs. During the early and middle
Miocene, the growth of the platform thriving on the
Guangle Uplift managed to keep pace with relative sealevel rise.
The carbonate apron flanks are well-developed along
the Guangle Uplift, characterized by high-amplitude,
continuous reflections. Foreslope carbonate facies are
observed as chaotic, discontinuous seismic reflections in
the adjacent depressions, being interpreted as basinward
carbonates derived by gravity flows from the platform
(Figs. 6 and 7). The thickness of the carbonates decreases
away from the platforms towards the adjacent depressions,
except for some structural highs where thick carbonate
deposits develop (Figs. 6 and 7). An overall aggrading and
backstepping build-up pattern characterize the platform in
response to an overall transgression (Fig. 6). The top of
the middle Miocene sequence corresponds to a partial
platform-drowning surface, corresponding to a retreat of
carbonate platforms towards the outer part of the Guangle
Uplift during the late Miocene. The top of the Miocene

Fig. 9. Seismic section across the Zhongjian Uplift, illustrating the growth and drowning of the Zhongjian carbonate platform. Note that volcanics which lie below Horizon T60 can be observed beneath the
reef. Location of seismic profile indicated on Fig. 2.
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sequence corresponds to a carbonate platform-drowning
surface across most of the Guangle Uplift (Figs. 6 and 7).
The unconformity denotes increased sediment supply to
the Guangle Uplift area. A seaward prograding siliciclastic
wedge onlapped and prograded across the Miocene
carbonate platform, then buried the innermost drowned
carbonates on the Guangle Uplift (Figs. 6 and 7).
On the Xisha Uplift, a distinct succession characterized
by high-amplitude reflections at its top, discontinuous and
low-frequency internal reflections make up the early
Miocene to Pliocene deposits, which are similar to other
Miocene carbonate platforms in the South China Sea. The
platform interval constitutes an up to more than 1.3 s
(TWT) thick carbonate succession (Figs. 6 and 8). The
carbonate succession is fault–confined along the Xisha
Uplift (Figs. 6 and 8). Faults outline large parts of the
platform margins and influence the thickness of the
carbonate deposits, suggesting a slight continuation of
faulting into the Neogene.
Several carbonate build-ups imaged as mounded
features were observed at the margin of the carbonate
platform around the Xisha Uplift highs and were
interpreted as platform-edge reefs (Figs. 6 and 8). They
are characterized by high-amplitude, continuous
reflections at their apices, chaotic internal reflections and
discontinuous reflections at their bases. The platform-edge
reefs were developed at different stages and formed an
overriding geometry. The middle Miocene sequence was
characterized by a series of distinct progradations,
mounded reflections along the Xisha carbonate platform,
and contains large-scale reef development (Figs. 6 and 8).
The overlying sedimentary strata show onlapping
terminations onto the reefs (Fig. 8). Most reefs eventually
succumbed to drowning during the latest Miocene, only a
couple of reefs managing to keep pace with relative sealevel rise and forming atoll reefs above structural highs.
Atoll reefs image as high-amplitude, continuous top
reflections and low-amplitude internal reflections. A few
channels formed, surrounding the atoll reefs.
The Zhongjian Uplift, a topographic high on the modern
seafloor, images as strong and positive apex reflections,
with chaotic internal facies observable on the seismic data,
surrounded by patch reefs with a mound-like shape (Fig.
9). It is interpreted as a buried volcano that rose from the
depths. The sedimentary strata within the syn-rift unit are
deformed or penetrated by the volcano (Fig. 9). The
seismic reflections adjacent to the Zhongjian Uplift below
Horizon T60 are often dragged upwards and show onlap
terminations onto Horizon T60, suggesting an age of ~23
Ma for the structure (Fig. 9).
The submerged relief corresponds to the drowned
Zhongjian carbonate platform that probably colonized a
volcanic edifice from the early Miocene (Fig. 9). The
Miocene strata covering the buried seamount are
characterized by continuous to discontinuous reflections,
being interpreted as a small isolated platform (Fig. 9).
Atoll reefs, imaged as high-amplitude, parallel, continuous
reflections on their upper surface and parallel lowamplitude internal reflections, developed upon the
Zhongjian Uplift (Fig. 9). The general morphologies of the
Zhongjian carbonate platform are thus inherited from the
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geometry of the underlying volcanic units (Fig. 9). The
moats surrounding the carbonate platform are mapped
from the seismic data.
5 Discussion
Distributions of the three carbonate platforms on the
northwestern South China Sea margin have been identified
and mapped (Figs. 5–9). These platforms are primarily
located on structural highs to the south of the
Qiongdongnan Basin. Previous studies have discussed the
predominant role of topography for the initiation of
carbonate platforms in a variety of tectonic settings
(Wilson, 2000; Wilson and Lokier, 2002; Fyhn et al.,
2009a; Fyhn et al., 2013; Menier et al., 2014; Wu et al.,
2014; Paumard et al., 2017; Wang et al., 2018). In this
study, we suggest that the tilted fault blocks and volcanic
uplifts formed during continental rifting and volcanism
have controlled the initial establishment of the carbonate
platforms (Figs. 5–9).
Continental rifting of the South China Sea leads to the
development of abundant faulted blocks on the
northwestern South China Sea continental margin (Franke,
2013; Savva et al., 2014; Cameselle et al., 2017). The
Guangle and Xisha Uplifts developed as topographic highs
inherited from tectonic deformation, therefore providing
stable structural highs for the subsequent onset of
carbonate deposition in the early Miocene (Figs. 3, 6 and
7).
As previously described, there has been robust evidence
for widespread intraplate basaltic magmatism documented
along the northern South China Sea margin, the Indochina
peninsula and the South China Sea ocean basin after the
cessation of continental rifting of the South China Sea,
based on geological and geophysical studies (Tu et al.,
1992; Hoang and Flowers, 1998; Fyhn et al., 2009a, b;
Wang et al., 2012; Xu et al., 2012; Xia et al., 2016; Wang
et al., 2018). Offshore of the northwest South China Sea,
widespread basaltic volcanism, accompanied by regional
uplift, occurred since the early Miocene (Lee and Watkins,
1998; Fyhn et al., 2009a, b; Fyhn et al., 2013). Early
Neogene volcanism on the northwestern South China Sea
is also supported by early to middle Miocene basaltic
extrusives from sediment cores and the correlation of
seismic data with the published seismic stratigraphy
offshore from Vietnam (Fyhn et al., 2009a, b; Fyhn et al.,
2013). As a result, prominent elevated features were
probably formed by the build-up of magmatic structures
across the northwestern South China Sea margin (Figs. 5
and 9). Our results show that the Zhongjian Uplift was
formed by early Miocene volcanism (Fig. 9). The isolated
Zhongjian carbonate platform thus settled on a volcanic
edifice, flourishing locally throughout the Miocene (Fig.
9).
The seismic profiles used in this study illustrate that
platform growth on the Guangle, Zhongjian and Xisha
Uplifts was initiated during the early Miocene and
continued until the late Miocene (Figs. 5–9). Above
Horizon T60, tectonic activity in this region has declined,
resulting in tectonic stability, favorable for carbonate
growth (Briais et al., 1993; Franke, 2013; Savva et al.,
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2014; Cameselle et al., 2017). Following continental
rifting, a gradual deepening took place across the
depocenters in response to tectonic subsidence after the
early Miocene (Briais et al., 1993; Fyhn et al., 2009a, b;
Ma et al., 2011; Fyhn et al., 2013). As the early Miocene
transgression affected this region, widespread carbonate
deposition commenced along the northwestern South
China Sea margin. Seismic and well data suggested that
carbonate growth thrived during most of the Miocene time
and a thick, clean lower to middle Miocene carbonate
succession cover the northwestern South China Sea
margin, indicating a depositional environment favorable
for carbonate platform growth (Fyhn et al., 2009a, b; Wu
et al., 2009; Ma et al., 2011; Fyhn et al., 2013; Wu et al.,
2014; Wang et al., 2018) (Figs. 4–8).
The aggradation and progradation along the platform
margins indicate a consequent maintained carbonate
deposition during the early to middle Miocene on the
carbonate platforms. Our study shows that the middle
Miocene carbonate platforms flourished and were thick
over platform areas (Figs. 6–8). followed by a period of
partial drowning and retreat of carbonate growth over
much of the region. The carbonate platform and reefs
stepped back towards local highs as a result of partial
drowning. The platforms backstepped in response to an
overall rise in relative sea level, probably driven by
tectonic subsidence (Figs. 5–9). Most of them eventually
succumbed to drowning during the latest Miocene.
Late Miocene volcanism has been revealed as an
important event which affected the local climate and
oceanography (Carter et al., 2000; Fyhn et al., 2009a, b;
Fyhn et al., 2013). An increase in offshore sediment
induced by coeval uplift and denudation of the
southeastern part of Indochina, provided a supply to the
platform area (Hoang and Flowers, 1998; Lee and
Watkins, 1998; Carter et al., 2000; Lee et al., 2001; Fyhn
et al., 2009a, b; Fyhn et al., 2013; Savva et al., 2013) (Fig.
6). Our results indicate that the end of shallow-water
carbonate sedimentation at the Guangle Uplift was coeval
with volcanic activity during the late Miocene (Fig. 6). We
hence propose that the drowning of the Guangle carbonate
platform was primarily triggered by a combination of
increased inorganic nutrient input derived from the
uplifted mainland and rapid sea–level fluctuations induced
by late Miocene volcanism. As a result, the Guangle
carbonate platform ultimately drowned during the late
Miocene (Fig. 6).
The Xisha Uplift and Zhongjian Uplift are far away
from siliciclastic sediment sources. Therefore, the late
Miocene platform drowning in carbonate deposition is
suggested to be a consequence of sea level fluctuations
(Ma et al., 2011; Wu et al., 2014; Wang et al., 2018). A
rapid rise in relative sea level led to most carbonate
platforms drowning in the late Miocene when the rate of
carbonate production was insufficient to keep pace with
relative sea-level. Only a few isolated platforms capping
local structural highs kept pace with relative sea level rise
and continued to develop to form modern atolls (Figs. 8–
9). These platforms constitute prominent elevated features
surrounded by deep water. We therefore suggest that longterm northwestern South China Sea carbonate platform

evolution is mainly controlled by tectonic activity,
volcanism and eustasy.
6 Conclusions
From an analysis of multi-channel seismic data, the
main conclusions are as follows. Widespread carbonate
deposition was initiated during the early Miocene,
covering a large part of the northwestern South China Sea
margin. Topographic highs inherited from continental
rifting and volcanic activities formed suitable substrates
for carbonate sedimentation during the onset of shallowwater carbonate platforms. Three regional carbonate
platforms are identified and developed on the Guangle
Uplift, Zhongjian Uplift and Xisha Uplift.
The three carbonate platforms were initiated since the
early Miocene. The initiation of partial drowning in the
late Miocene of the three carbonate platforms occurred
when late Neogene magmatism intensified and increased
siliciclastic input supply to the basins. The late Miocene
termination in carbonate deposition on the Guangle Uplift
probably resulted from regional uplift, leading to increased
inorganic sediment input and rapid sea-level fluctuations,
promoting platform drowning. On the Xisha and
Zhongjian Uplifts, drowning events resulted in the retreat
and termination of most carbonate deposition during the
late Miocene. The latest carbonate developments locally
continued to develop to form modern atolls.
Our study highlights the impact of tectonic activity and
volcanism on the long-term evolution of shallow-water
carbonate platforms, although eustatic fluctuations have
often been considered to be primarily responsible for
drowning events affecting the northwestern South China
Sea carbonate platforms.
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