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Abstract: This study investigates the evolution of the Miocene Guangle carbonate platform (or Triton Horst) of the
northwestern South China Sea margin. The platform is located at a junction area surrounded by Yinggehai basin,
Qiongdongnan basin and Zhongjiannan basin. Well and regional geophysical data allow the identification of the
morphologic and stratigraphic patterns. The Guangle carbonate platform was initiated on a tectonic uplift during the Early
Miocene. The early platform was limited at Mesozoic granitic basement, pre-Paleogene sediments localized tectonic uplift
and was small extension at the beginning stage. While during the Middle Miocene, the carbonate buildup flourished, and
grow a thrived and thick carbonate succession overlining the whole Guangle Uplift. The isolated platforms then united
afterward and covered an extensive area of several tens of thousands of square kilometers. However, it terminated in the
Late Miocene. What are the control factors on the initiation, growth and demise of the Guangle carbonate platform? The
onset of widespread carbonate deposits largely reflected the Early Miocene transgression linked with early post-rift
subsidence and the opening of the South China Sea. Stressed carbonate growth conditions on the Guangle carbonate
platform probably resulted from increased inorganic nutrient input derived from the adjacent uplifted mainland, possibly
enhanced by deteriorated climatic conditions promoting platform drowning. Therefore, tectonics and terrigenous input
could be two main controlling factors on the development of the Guangle carbonate platforms and main evolution stages.
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1 Introduction
During the Cenozoic, tropical shallow-water carbonates
deposits are widespread distributed in the South China Sea
(SCS), forming thick and spatially extensive carbonate
accumulations from the north margin of South China Sea
to offshore Borneo in the south (Epting, 1980, 1989;
Fulthorpe and Schlanger, 1989; Erlich et al., 1990; Wilson,
2002; Wu et al., 2014; Wu et al., 2016). Carbonate
successions developed in a range of tectonic settings, for
example, on micro-continental blocks, fault blocks,
volcanic seamounts and so on (Cucci and Clark, 1993;
Sun and Esteban, 1994; Mayall et al., 1997; Grötsch and
Mercadier, 1999; Kusumastuti et al., 2002; Saller and
Vijaya, 2002; Fournier et al., 2004; Wei et al., 2005;
Wannier, 2009). On the southern margin of the South
China Sea, carbonate platforms growth began during the
Eocene to Early Oligocene rift phase on the topographic
highs, which were created by faulting and block tilting
associated with SCS and Paleo-SCS (Fulthorpe and
* Corresponding author. E-mail: swu@idsse.ac.cn

Schlanger, 1989; Matthews et al., 1997; Sales et al., 1997;
Wiliams, 1997; Vahrenkamp et al., 2004). Farther north
along the Chinese margins, carbonate platforms initiated
during the Early Miocene and are younger than those on
the southern margins, probably due to the absence of fullymarine conditions until the final stage of the South China
Sea opening (Xia et al., 1998; Qiu and Wang, 2001; Fyhn
et al., 2013; Ma et al., 2011; Wu et al., 2015; Yan et al.,
2019).
Generally, the birth, growth and demise of carbonate
platforms are strongly influenced by tectonics, global sea
level fluctuations, oceanographic and climatic changes and
terrigenous sediment input (Fulthorpe and Schlanger,
1989; Wilson, 2002; Fournier et al., 2004; Fyhn et al.,
2013). Previous studies showed various architecture and
anomaly controlling factors of carbonate platforms in the
continental margins of the SCS. Vahrenkamp et al. (2004)
proposed that a combination of subsidence and eustatic sea
level change resulted in the ultimate termination of the
Middle Miocene carbonate platform located in Luconia
Province, offshore Sarawak and Borneo. Fournier et al.
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(2005) studied the Malampaya buildups offshore NW
Palawan with high-resolution three-dimensional seismic
and well data, indicated that the carbonate system was
initiated in the Late Eocene, recurrent reactivation of highs
along build up margins determined the asymmetric
morphology and internal architecture of the carbonate
system, an increase in subsidence rate and/or a sharp
increase in nutrient input led to the final demise in the late
Early Miocene. Fyhn et al. (2009a) researched the Phan
Rang Carbonate Platform located offshore south Vietnam,
suggested that the platform growth initiated during the late
middle Miocene along the open marine Vietnamese
margin and continued throughout the late syn-rift to early
post-rift period of the area terminating around Pliocene
time, emphasized the structural grain, local and regional
tectonics as well as oceanographic effects controlled the
platform growth and demise. Lüdmann et al. (2013)
reconstructed the Miocene to recent seismic facies and
geometries of the Maldives carbonate platform in Indian
Ocean, deciphered the controlling factors of platform
evolution were changes of sea-level and the oceanic
currents.
The Guangle Uplift is located at SN and NE striking
belt on the northwestern margin of the South China Sea.
The growth initiated as an isolated buildup feature during
the Early Miocene and continued until Middle Miocene
time, formed a thick, clean carbonate succession covering
a large part of the Guangle Uplift. Ultimately it reduced to
a narrow elongated high. Cenozoic carbonates have been
considered as important targets for petroleum exploration
in the South China Sea (Fulthorpe and Schlanger, 1989;
Williams, 1997; Doust and Summer, 2007; Wu et al.,
2009). The presence of Miocene carbonates was reported
in the south of the Phu Khanh Basin and north of the
Wanan (Nam Con Son) Basin along the west margin of the
South China Sea (Roques et al., 1997; Lee and Watkins,
1998; Fyhn et al., 2009a, b; Lüet al., 2013). An amount of
significant oil & gas resources are found and produced
from Miocene carbonates in the Nam Con Son Basin
(Matthews et al., 1997a; Lü et al., 2013). Recently some
industry exploration of the Central Vietnamese margin has
focused on Miocene carbonates with multiple oil and gas
discoveries.
Through the combination of the newly acquired seismic
survey and collected regional data, this paper fills the gap
in the study area by revealing the following three aspects:
(a) interpret the sequence stratigraphic architecture of the
carbonate platform; and (b) reconstruct the paleogeographical environment from Early Miocene to Late
Miocene; (c) identify the main controlling factors on the
geological initiation, growth and death of Guangle
platform.
2 Geological Settings
The Guangle carbonate platform is located at the
northwest of SCS margin which has experienced several
stages of rifting since Late Mesozoic. The location of
Guangle platform is a junction high area surrounded by
three rift elongated basins and Quang Ngai Graben
(QNG). The three rift basins are Yinggehai basin (YGHB),

Qiongdongnan basin (QDNB) and Zhongjiannan Basin
(ZJNB) (also referred to as Phu Khanh basin) (Xie et al.,
2001; Sun et al., 2003; Wu et al., 2009; He et al., 2013;
Fyhn et al., 2009a). Tectonically, because of the strong S–
N striking component of East Vietnam fault system and N
–E striking rifting tectonic lineaments, the large
displacement and extension have resulted in localized
deformation and lateral extrusion toward east and
southeast in this region (Fig. 1). The Guangle–Xisha
Uplift was denuded prior to the Miocene, and in the
following period of SCS seafloor spreading during the late
Oligocene to Early Miocene, it gradually became
inundated. Crustal thickness in the Xisha Uplift varies
from 27 km to 6.8 km (Taylor and Hayes, 1983; Xia et al.,
1998; Qiu et al., 2001; Yao et al., 2004). Well Xiyong-1
documents that the acoustic basement on the Xisha Uplift
corresponds to Precambrian gray granite gneiss and
Mesozoic volcanic rocks (Wang et al., 1979; Qiu et al.,
2006).
The tectonics in the northwestern SCS is a passive
margin that has a complex rifting history since late
Mesozoic (Lee and Lawver, 1994, 1995; Qiu et al,. 2001;
Morley, 2002). The final breakup of lithosphere occurred
at Southwest sub ocean basin at the end of Early Miocene.
Rifting in the northwest SCS margin was related to the
southeastward extrusion of Indochina and opening of the
South China Sea (Fyhn et al., 2009a). The time of riftonset remains uncertain with estimates ranging from the
latest Cretaceous to the Eocene owing to the limited data
from deep well (Matthews et al., 1997; Mayall et al.,
1997; Fyhn et al., 2009b). Paleogene rifting terminated at
the Oligocene/Miocene boundary and is marked by a
major unconformity (Lee and Watkins, 1998; Fyhn et al.,
2009b). The second rifting phase commenced at the Early
Miocene in response to southwestward propagation of the
South China Sea spreading and cessation during the Late
Miocene (Matthews et al., 1997; Lee et al., 2001). Those
rifting mechanisms lead to the forming of surrounding
Cenozoic basins. ZJNB formed through left-lateral strikeslip movement across the East Vietnam Boundary Fault
Zone (EVBFZ) (Rangin et al., 1995; Sun et al., 2003;
Andersen et al., 2005; Clift et al., 2006). An elongated rift
along the Red river fault formed the extension of YGHB
filled by Paleogene syn-rift deposits. The initial rift
succession in the YGHB is composed of non-marine
sediments, but a gradual marine transgression during the
Late Oligocene caused marine deposition to dominate
during Neogene time (Nielsen et al., 1999). Starting in the
Early Miocene, a multi-phase basin inversion occurred,
attributed to right-lateral transpression after Middle
Miocene time (Nielsen et al., 1999; Andersen et al., 2005;
Clift et al., 2006). The structural configuration of the
QDNB is dominated by normal faults typical of the rift
basin which is classified by two different structural
sequences, syn-rift and post rift. During the period of synrift, QDNB and YGHB basin are separate basins due to the
difference of structural and sedimentary history and
superimposed by a combined post rift sequence with a
common period of subsidence.
The Red River Fault (RRF) and East Vietnam Fault
system is a major tectonic lineament which controls the
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Fig. 1. Tectonic divisions of sedimentary basins in the northern South China Sea.
Dashed lines indicate basin boundaries. Red lines indicate seismic tracks.

geological evolution in the study area. Rapid midOligocene to Early Miocene uplift and exhumation are
documented by thermobarometric investigations and
radiometric dating of the metamorphic core complexes
along the Red River Shear Zone (RRSZ) (Schärer et al.,
1990; Tapponnier et al., 1990; Leloup et al., 1995, 2001a;
Wang et al., 1998, 2000; Zhang and Schärer, 1999; Gilley
et al., 2003). The exhumation of the northwestern
metamorphic core complexes has been interpreted to have
occurred sinistral transpression during Late Oligocene to
Early Miocene (Leloup et al., 2001a). Left-lateral shearing
along the RRSZ is interpreted to have stopped around the
Early–Middle Miocene boundary based on the temporary
slow-down of uplift of the metamorphic core complexes
and the completion of seafloor spreading suggested to
have been governed by the kinematics of the RRSZ
(Leloup et al., 1995, 200). In the Yinggehai Basin, a
change from modest transtension to transpression occurred
around the Early/Middle Miocene boundary (Rangin et al.,
1995; Nielsen et al., 1999), attributed to the onset of rightlateral shearing along the RRSZ (Lee and Lawver, 1994,
1995; Nielsen et al., 1999). Morley (2002) proposed that
the Indochina Block was extruded to the southeastward
along RRF and EVF throughout the collision stage of
Indian-Eurasian plate. Right-lateral transpression was
followed by the latest Miocene–Holocene post-rift
subsidence. In the Cuu Long and Nam Con Son basins,
non-marine and restricted marine syn-rift deposition
dominated until earliest Neogene when the uplift followed
by a major flooding occurred (Matthews et al., 1997; Lee
et al., 2001). The Guangle Uplift was like the basins
further south, transgressed during the Early Miocene,

which marked the halt of rifting and the start of
widespread carbonate growth (Roques et al., 1997a; Fyhn
et al., 2013).
3 Data and Methods
The 2D seismic data used in this study were acquired
and processed by PetroChina in 2007. There are two
surveys of the seismic lines over the most part of the
Guangle Uplift and adjacent ocean areas. The grids of
seismic survey are 32 × 32 km with total length 3000 km
and 4 × 8 km with total length 5300 km. Based on
information from two wells (Xiyong-1 and 120-CS-1X),
the main stratigraphic column is built for the regional
calibration. Data from other boreholes in the QDNB, the
Pearl River Mouth Basin and ZJNB were also used to tie
the stratigraphic sequences.
All the seismic data and well logs were loaded into
Geoframe software for interactive interpretation. The
carbonate buildup framework was interpreted on seismic
data using structure picking strategy. Seismic sequence
and attribute were also conducted that allow to determine
the sedimentary facies and their configuration of the
carbonate platforms. Following the facies mapping
extracted from 2D data, a geological model of Guangle
carbonate platform was built combining these
characteristics with tectonism, eustasy and other
controlling factors.
The tectonic subsidence history in the Guangle region
was simulated by using the software ‘Recovering and
Simulation System of Thermal History’ which is
developed by the Institute of Geology and Geophysics,
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Chinese Academy of Sciences (Dong et al., 2008). We
define representative pseudo-wells for each structural unit
and estimate their tectonic subsidence histories. By
extracting five key horizons: T30, T40, T50, T60 and T70
from the crossed seismic lines (Fig. 1), calculate the
subsidence at each pseudo-well, generate burial history
curves and distinguishing curves of different structural units.
Estimation of paleo-water depths was inferred from nearby
wells in the area of deep-water basin. Regional time to depth
law loading in Geoframe is used for depth conversion.
4 Seismic Sequences across the Guangle Carbonate
Platform
A sequence framework was established from the
Guangle carbonate platforms which include six sequences
interpreted based on seismic stratigraphy in combination
with well data around the Xisha Islands (Xiyong-1). The
main purpose is to understand the stratigraphic controls on
reservoir architecture and growth history. Following a
standard seismic stratigraphic approach, seven regional
correlative surfaces can be identified by picking key
horizons to calibrate with nearby wells. The horizons

include Tg, T70, T60, T50, T40, T30, T20 from lower to
upper, respectively (Fig. 2). Horizon T60 is a regional
unconformity that divides the entire stratigraphy into two
mega sequences, syn-rift and post-rift sequences (Wu et
al., 2009). However, the deepest undrilled sequences
might be slightly out of control for the age definition due
to insufficient biostratigraphic control.
4.1 Early Oligocene sequence
Above the metamorphic basement, Early Oligocene
sequence can be observed mainly in the eastern part which
represents the oldest sedimentary layers on the platform.
This sequence is bounded at the top by a mediumamplitude reflection picked as horizon T70, and the lower
boundary coincides with the base of the Oligocene, based
on stratigraphic constraints at the margin of the platform
(Figs. 3, 4, 5). The sequence is of variable thickness over
the Guangle high, being thick at the eastern margin of the
area and thinning toward the middle (Figs. 5, 7). The seismic
facies of this sequence vary from mid-amplitude, subparallel, discontinuous to chaotic reflections. In the grabens
on both sides of the platform, the seismic facies are
characterized by sub-parallel, discontinuous and chaotic.

Fig. 2. Stratigraphic column reconstructed from the Xiyong-1 in the Xisha Islands (Paracel Islands), northern South China Sea.
Global sea-level curve is from Miller et al. (2005).
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Fig. 3. Interpretation of seismic profile across the Guangle Upift.
(a) Seismic profile across the Guangle Uplift (see Fig. 1 for location); (b) interpretation showing six seismic sequences.
Including carbonate platform facies, carbonate fore-slope faces, carbonate debritus facies and carbonate reefs and siliciclastics.

Fig. 4. Seismic characteristics of Miocene carbonate platforms in the southern Guangle Uplift.
(a) Seismic profile showing seismic characteristics of Miocene carbonate platforms in the southern Guangle Uplift (see
Fig. 1 for location); (b) interpretation. Miocene platform growth took place in a consecutive phase.

4.2 Late Oligocene sequence
The late Oligocene sequence is a package with a highamplitude, semi-continuous and rarely transparent
reflections which top is picked as regional break-up
unconformity T60. Age control of T 60 on the platform is
derived from well data and regional analogue which
corresponds to the Oligocene–Miocene boundary at ~23.8

Ma (Pang et al., 2009; Wu et al., 2009). As a transition
zone from syn-rift to post rift regionally, it is well
developed on the Guangle High, onlapping upon the flank,
and diverge in the faults bounded grabens. Cut and fill
facies can be observed locally within the graben province.
Laterally, it is generally thick in the east and thinning to
the middle of the Guangle Uplift. (Fig. 5).
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4.3 Early Miocene sequence
Early Miocene sequence consists of carbonate-platform
sediments deposited mainly upon the eastern margin and
the middle of the Guangle Uplift. The uppermost
reflection of the sequence (Horizon T50) is identified as a
mid-amplitude horizon which corresponds to the boundary
between the Early and Middle Miocene. The top surface
can be clearly defined upon the eastern margin of the
Early Miocene carbonate platform but indistinct within the
middle of the platform (Figs. 5 and 6). The seismic facies
vary from high-amplitude, parallel, continuous reflections
to low-amplitude, discontinuous reflections. The isolated
carbonate buildup initiated along the formation of deepwater environments fringing the Guangle Uplift. The
succession is confined by basement ridge and faults which
offset the deepest carbonate. The local normal fault also
influences the thickness of carbonate deposits from high
side to down side.
4.4 Middle Miocene sequence
The Middle Miocene sequence is characterized by a
series of high-amplitude, mounded reflections and distinct
progradation of flat-topped carbonate margins (Figs. 5 and
6). The seismic reflection pattern and facies architecture
represent a large-scale carbonate platform developing in
this period when occurred in response to relatively stable
sea level. The thickness of the sequence is variable as the
result of locally growth of reefs and isolated platforms.
The top reflection of the sequence is picked as horizon

T40 which represents a maximum flooding surface.
Carbonate buildups occupy most areas of the Guangle
Uplift and also grow on the rim and interior areas of the
carbonate system, especially in the core area of Guangle
carbonate platform (Fig. 7). Compared with graben
province, some typical carbonate features can be observed
such as giant collapse holes, sinkholes and karsts.
4.5 Late Miocene sequence
Late Miocene sequence consists of carbonate and
adjacent carbonate debris-flow deposits. The carbonate
platform is characterized by high-amplitude and parallel
reflections. On the apron of carbonate platform, the
observed S-shape prograded seaward from structural highs
can be interpreted as carbonate debris-flow turbidites or
lobes. The main difference between this sequence and
Middle Miocene sequence is that carbonate buildups only
grow at structural highs, such as the paleo- volcanoes in
the middle of the Guangle Uplift. In the peripheral parts of
the carbonate system, flat-topped and cuspate carbonate
margins initiated corresponding to the backstepping and
shifting of carbonate buildups to higher area (Fig. 7).
Some detached buildups can keep up with relative sealevel rise and deposit on the upper part of previous
platforms. Mixing with the original reef and carbonate, the
sediment on platform reworked and generated carbonate
debris flows toward slope of high (Figs. 4, 5 and 6). The
sequence is bounded below by reflector T40 and above by
T30. The basal reflector is incised by several large

Fig. 5. Interpretation of seismic profile across the Guangle Uplift (see Fig. 1 for location).
(a) Seismic profile across Guangle Uplift (see Fig. 1 for location); (b) interpretation. Three prominent depression in the
top-platform surface marks a giant collapse structure in the underlying carbonate succession. The collapse depression
caps a chaotically reflected column in the underlying platform carbonates.
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Fig. 6. Interpretation of seismic profile showing seismic characteristics of Miocene carbonate platforms in the
southern Guangle Uplift.
(a) Seismic profile showing seismic characteristics of Miocene carbonate platforms in the southern Guangle Uplift (see Fig. 1 for
location); (b) interpretation. Miocene platform growth took place in a consecutive phase.

Fig. 7. Interpretation of regional seismic profile across the Guangle Uplift (see Fig. 1 for location).
(a) Regional seismic profile across the Guangle Uplift (see Fig. 1 for location); (b) The profile illustrates the interplay between the
growth and drowning of the Guangle Carbonate Platform in the area. Carbonate growth peaked during the Early Miocene when
terrigenous input was low. During the middle Miocene, carbonate growth retreated and eventually terminated concurrently in late
Miocene resulted from rise of relative sea-level and increasing siliciclastic input from western.

channels (Fig. 7).
4.6 Pliocene–Holocene sequence
Pliocene–Holocene sequence is composed of two kinds
of seismic patterns which are a series of mid-amplitude,
parallel, continuous reflections and small-scale, highamplitude, discontinuous reflections. The former
reflections are characters of marine deposits and the latter
represent carbonate buildup which mainly developed in
the middle of the Guangle Uplift (Fig. 7). Its lower and
upper boundary is delineated by reflector T30 and Seabed,
respectively.

5 Distribution and Development of the Guangle
Carbonate Platforms
The stratigraphic evolution of the Guangle carbonate
platform experienced four main stages: a) Start up within
early carbonate Miocene; b) Build up, emersion and build
out during early Middle Miocene; c) Distribution scope
shrinking associated with the large scale back stepping at
late Middle Miocene; d) The platform carbonate
development transfers to downgrade stage and to drown at
the end of late Miocene and overlain by younger marine
shale sediment from Late Miocene to present.
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Fig. 8. Global depositional environment and distribution of carbonate platform on the Guangle Uplift.
(a) Early Miocene carbonate platforms initiated on structural highs of Guangle Uplift with clear marginal slope. The SCS break up lead to the initial transgression after synrift transfer to post rift; (b) carbonate platforms developed prosperously and distributed in larger extent during Early Middle Miocene. Carbonate
growth concentrated on the relative highs, and reworked carbonate detritus deposit on the aprons; (c) Late middle Miocene carbonate platforms reduced in
scale and backstepped eastward. Partial platform drowning led to the separation of the Guangle Carbonate Platform; (d) The remaining part of the Guangle
Carbonate Platform managed to keep pace up with relative sea-level rise but sudden death occurred during the Late Miocene regarded as unfavorable water
depth for carbonate production. At present, the siliciclastic sediments derived from onshore are seen as the thick overburn on the platform.

5.1 Initiation of carbonate platform (Early Miocene)
The first stage involved the initial development of the
carbonate platform (Figs. 8a, 9a). The Guangle carbonate
platforms typically present on the east, north and south of
the Guangle Uplift. During the Early Miocene, the
Guangle Uplift exhibits a shallow marine environment,
perhaps partly subaerial; terrigenous clastic sediments
from the Indochina peninsula is prevented from reaching
the Guangle Uplift owing to the formation of the Quang

Ngai Graben along the offshore Vietnam Fault (Fyhn et
al., 2013). Geological conditions therefore became
favorable for carbonate platform development in the Early
Miocene. As a result, carbonate platforms grew on the
Mesozoic granites and pre-Paleogene sediments of the
rifting blocks, where a neritic environment prevailed. This
Early Miocene sequence has been encountered by well
120-CS-1X (Fyhn et al., 2013).
However, the platform development dominates vertical
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Fig. 9. Schematic model of Guangle carbonate platform development.
(a) Stage A: Initiation of isolated platforms during the early Miocene. Rising relative sea-level established carbonate production on the
submerged structural; (b) Stage B: Carbonate platform was well caught up, kept up and built out in the period of early-middle Miocene;
(c) Stage C: Platform carbonate developed gradually and split up into discrete buildups in Middle Miocene; (d) Stage D: Carbonates of
Guangle Uplift formation were drowned and led to completely demise at the end of late Miocene.

tendency in this stage. The western and eastern marginal
parts are characterized by mound, chaotic, complex
seismic facies which can be interpreted as marginal reefs
with gentle geometry in rimmed areas. The common
architecture of carbonate is dominated by platform buildup
in large area and by the process of carbonates productivity
increasing in comparison with the sea level rise.

Externally, well-developed calcite turbidite and sediment
drifts with low-amplitude, continuous reflections develop
as an apron adjacent to the platforms (Figs. 4 and 5).
5.2 Development of large carbonate platform (early
Middle Miocene)
During the early Middle Miocene, Guangle carbonates
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succession that are characterized as parallel, semicontinues, high amplitude internal patterns. The typical
seismic facies that are identified at almost western margin
of carbonates. The unification of carbonates is shown by
the strong development into the Guangle interior in the
Middle Miocene. On the marginal apron flanks, especially
eastern and western part, the seismic interpretation results
have shown that composition of coarse grain is dominated,
and carbonates interval gradually developed thicker than
in the central Guangle Uplift. Therefore, the development
of lower and middle parts is dominated by horizontal
architecture elements, but carbonate buildup managed to
keep pace up corresponding to the sea level rise.
From the early Middle Miocene on, the Guangle
carbonate became more productive across the entire
Guangle Uplift area. The carbonate platform upon the
western margin of the Guangle Uplift, rooted upon
topographic highs and partly submerged in both flank
slopes. The carbonate platform demised in response to an
overall transgression driven mainly by tectonic
subsidence. In accordance with the local extension, small
local sags formed and ceased to receive sediment from
outside of sources before carbonate production deposited
in place. Subsequently, marine sediments filled the sags,
forming thick strata in the middle of the sags and thin
strata at their margins. Reworked sediment derived by
gravity flows from the carbonate platform over basement
highs also deposited in the sags, forming carbonate debris
turbidites at the bases of slopes to the south or east of the
platform flank. Away from the main Guangle high, several
large channel-like packages are identified with strong
incised valley patterns flow down into the south slope.
The aggradation patterns of carbonate platforms mark
the onset of the rapid transgressive cycle and
accommodation creation in large regional area. In the
early phase, sea level continued to rise, but other factors
(e.g., water temperature and salinity) showed a little
change. Subsequently, the carbonate platform showed a
quick growth rate to keep pace with the sea level,
aggrading vertically giving the mound shape to the
seismic facies (Fig. 9b). The top of the carbonate platform
at this stage is characterized by high-amplitude,
continuous seismic patterns. On the marginal rim,
mounded to chaotic reflectors interpreted as reefs buildup.
At the end of this stage, sea level rose slowly or was
stable and the carbonate platform kept growing, although
vertical aggradation was not as pronounced as that in the
preceding stage (Fig. 9b). This stage is dominated by
lateral accretion of carbonate platform, thereby extending
the area of the carbonate distribution. The sequence down
lap to the ancient sequence around the carbonate platform,
indicates that the carbonate platform developed laterally. A
Middle Miocene maximum flooding surface (MFS) marks
the end of this stage.
5.3 Backstepping of carbonate platform (late Middle
Miocene)
Platform carbonate was developing gradually, and the
area commenced to shrink in the late Middle Miocene
(Fig. 8c). The Guangle carbonate platform stepped back
and split-up into several isolated platforms as a result of

partial drowning (Fig. 9c). Middle Miocene partial
drowning especially affected the area of buildup
distribution. As a result, the carbonate continues to grow
above two isolated platforms occupying the central parts
of the Guangle Uplift as well as on several smaller
buildups in between the two large platforms.
During this stage, carbonate deposit mainly on Guangle
Uplift and marginal deposit formed peri-platform
architecture in eastern and northeastern areas of main
platform. At the end of the Middle Miocene, the area of
platform carbonates was thus lessened from the entire
initial extent and only present on the local area of high
relief that was inherited from the last stage. With the
above mentioned study, it can be seen that in the study
area, the carbonate buildup demise occurred on platform at
early phase, and then continuously forward to the
northeast area. However, the backstepping process
dominated in the entire stage although it continues to
develop some types of build-up further that extend further
toward the southeast.
5.4 Drowning of carbonate platform (Late Miocene)
After the Middle Miocene growth phase, Guangle
carbonate platforms were drowned and led to completely
submerge at the end of Late Miocene when sea level rose
rapidly in a large area due to strongly tectonic subsidence
(Fig. 8d, 9d). At the same time with this process, the small
adjacent grabens were filled up by siliciclastic deposits
supplied from nearby relief or onshore, interbedded with
thick carbonate layers that were reworked sediment
sourced from previous formations province. However,
carbonate still slowly deposited somewhere or ceased that
led to the end of the carbonate formation. Ultimately, the
whole carbonate platforms on the Guangle Uplift were
overlain by terrigenous deposits in plain delta and coastal
marine, deep marine until now. The entire drowning phase
was related to rapid sea-level rise and rather continuity on
the whole area of the Guangle Uplift.
6 Discussion
6.1 Tectonics control on the Guangle carbonate
platform
Tectonics has usually been considered a major factor to
control the architecture and development of carbonate
platforms in various settings (Fulthorpe and Schlanger,
1989; Wilson et al., 2002). The breakup unconformity in
the Guangle Uplift is thought to be T60 that indicates the
onset of the post-rift stage at 23.3 Ma, corresponding to
the slope formation and thermal subsidence in the Pearl
River Mouth Basin (Pang et al., 2009). Generally, the rates
of deposition in the main depression decrease during the
post rift tectonic tract. After 5.0 Ma (T30), most tectonic
activity ceased, and the depositional facies were
dominated by bathyal facies. All the depressions received
relatively stable depositional supply (Wu et al., 2014).
Total subsidence of the Guangle Uplift since the Early
Miocene has been less than 1.0 km, whereas the adjacent
depressions of Qiongdongnan basin have subsided more
than 5 km during the Cenozoic (Wu et al., 2014). Different
regions in the Guangle Uplift also experienced different
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Fig. 10. Cenozoic tectonic subsidence curves for the Guangle Uplift (Fyhn et al. 2013).

rates of subsidence. The average value was about 0.55 km
and the maximum value reached 0.82 km at the west
margin of Guangle Uplift adjacent to the Quang Ngai
Graben. Subsidence rates varied during the post-rift stage.
In particular, the center of the Guangle Uplift was low
between 23.3–15.5 Ma (Early Miocene) (Fig. 10). These
low rates suggest that slow progress of relative sea-level
rise and create favored widespread accommodation for
carbonate platforms growth over the Guangle Uplift
during the Early Miocene. Almost all subsidence curves
reveal an acceleration of regional subsidence during 10.5–
5.5 Ma, which caused the carbonate platforms to demise
gradually wither between 10.5 Ma and 5.5 Ma (Fig. 9c, d).
East Vietnam fault confined the formation of deep
depression in the west of the Guangle carbonate platform
(Fig. 8). The Guangle Uplift was separated from
terrigenous sediment sources by deep-water troughs and
kept a clean environment favorable for carbonate platform
growth during the Early Miocene. Whereas high
siliciclastic sediment began to supply into the region
resulted in the formation of thick continental shelf–slope
systems in the Qiongdongnan Basin since the Late
Miocene. This may have occurred because the Red River
strike–slip fault changed its displacement from left to right
lateral, potentially triggering mass transport deposits to
stop the development of carbonate platform (Fyhn et al.,
2009; Wang et al., 2013).
The reconstruction suggests that the fault-bounded
blocks formed during the rifting stage and controlled the
initial establishment of the carbonate platforms. Post-rift
isolated carbonate platforms on the Guangle Uplift grew

on the rift shoulders of the faulted blocks during the
Miocene. Most uplifted fault blocks in the Guangle Uplift
were exposed during this period. Thereby, the carbonate
platforms only developed upon the regions where were
influenced by transgression (Fig. 10).Tectonic activity is a
key control element for late Cenozoic development and
evolution of carbonate platforms in the South China Sea.
The East Vietnam Transform Fault can be mapped
seismically along the western boundary of the Guangle
Uplift. It forms the Early Miocene bathyal Quang Ngai
Trough which was the southernmost extension of the
elongated Yinggehai Basin. The trough accepted
Paleogene syn-rift deposits and Early Miocene
hemipelagic siliciclastic. The East Vietnam Transform
Fault also delineates a coast-parallel Neogene depocenter
and seems to have been a control on the siliciclastic
depositional system along this part of the margin (Fyhn et
al., 2013, Wu et al., 2014). The Guangle Uplift was
bordered by the Quang Ngai trough, Qiongdongnan
central deep-water channel and Zhongjian trough, which
trapped siliciclastic. The uplift was therefore able to
develop shallow-water carbonate platforms and develop
carbonates. The drowning event is a response to rapid
tectonic subsidence during the Late Miocene (from 10.5
Ma to 5.5 Ma) (Wang et al., 2013; Wu et al., 2014).
6.2 Impact of terrigenous input on the Guangle
carbonate platform
The uplift in the Indochina peninsula affected the local
climate and oceanography, which together with the related
increase in offshore sediment supply influenced the basin
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Fig. 11. 120-CS-1x well encountered the shallow water Lower to Middle Miocene platform carbonate.
The platform drowned during the latest Middle Miocene, but siliciclastic deposits covered on the platform was younger than 7 Ma. Location and well positions are projected on Fig. 1.

development in and around southern and central Vietnam
(Carter et al., 2000; Clift, 2006; Fyhn et al., 2009a, b;
Wang et al., 2013). The study area lies seaward of central
Vietnam. This Late Neogene uplift and development of an
alluvial system may have resulted in a voluminous supply
of siliciclastic sediments to the nearby study area.
Carter et al. (2000) proposed that in the north central
Vietnam, adjacent to the study area, a significant change in
regional cooling rate during the Late Miocene has been
linked to enhanced erosion and deposition of prograding
sediments in adjacent offshore basins, and to a shift in
denudation rates from ~34 m/Ma to 390–500 m/Ma. Fyhn
et al. (2009a, b) suggested that these changes were the
result of the seaward tilting of the region onshore and
offshore of central Vietnam during the late Neogene. The
tilting affected most of east Indochina, including northern
and central Vietnam. Before the Late Miocene, the
Yinggehai Basin just northwest of the study area received
clastics. During the Late Miocene, after the Yinggehai
Basin was filled, the clastics could reach the Guangle
Uplift, the Qiongdongnan Basin and the present shelf
(Wang et al., 2013).
The rapid offshore sediment accumulation (10.5–5.5
Ma) led to the terrigenous supplies to the study area
substantially increased. A total of 876m of bathyal
mudstone deposited after Middle Miocene drilled in well
120-CS-1X also proved that input of terrigenous clastic

was an important factor inhibited the Guangle Uplift
carbonate production (Fig. 11; Fyhn et al, 2013).
The late Neogene supply of basalts activated or
reactivated volcanoes (Wang et al., 2013). Research results
have verified that late Neogene uplift occurred in south
and central Vietnam (Fyhn et al., 2009b). During the same
period, onshore fission track studies reveal the onset of
major uplift evidenced offshore by an acceleration in the
rate of late Neogene cooling (9–15 °C/Ma) (Carter et al.,
2000). However, volcanism commenced several million
years before the middle Late Miocene inception of
onshore uplift (Carter et al., 2000; Fyhn et al., 2009a, b).
7 Conclusions
Regional 2D seismic interpretation combining with well
data allow to conduct the geological study on stratigraphic
architecture, paleogeographic reconstruction of attached,
isolated platforms, burial history and key controlling
factors. The key observations and views as to the objective
of this study are summarized as follows:
(1) Miocene carbonate platforms were widespread in
the Guangle Uplift, and the development of the Guangle
carbonate platform represents a fascinating record of the
establishment, growth, and development of a giant,
isolated carbonate platform.
(2) During the early and middle Miocene, platform
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growth thrived regionally with high carbonate production
rates presumably encouraged by favorable climatic and
oceanographic conditions. In the time of the late Middle
Miocene, carbonate growth retreated seawards and broke
up by partial drowning. Stressed carbonate growth
conditions led to final drowning of the Guangle carbonate
platform during the Late Miocene.
(3) The controls on the initiation, growth and demise of
carbonate platforms have been discussed. During the
whole evolution process, tectonics as an important factor
strongly influenced the development of the Guangle
carbonate platforms. The platforms were initiated on
basement highs which thereby controlled the distribution
of Early Miocene platforms. The Middle Miocene
subsidence rate between 23.3 and 15.5 Ma was low and
therefore favorable for reef and carbonate platform
expansion. Rapid subsidence and increased supplies of
terrigenous during the Late Miocene led to the complete
drowning of the Guangle carbonate platforms.
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