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Abstract

Analyses of over 6600 km of reflection seismic profiles on the northern continental margin of the South China Sea permit the
recognition of four Quaternary high-frequency type 1 sequences of the 4th order, deposited during the past ca. 690 kyr. At the
present-day shelf edge, only lowstand systems tracts characterised by a prograding clinoformal internal reflection pattern are
preserved. The prograding complexes can be considered as regressive units accumulated during relative sea-level falls. They
exhibit internal discontinuities which might point to minor sea-level fluctuations of the 5th order. A preliminary regional
relative sea-level curve for the past 630 kyr is established using the present positions of the delta fronts mapped. The
neotectonics curve derived by subtracting eustatic sea-level changes from the relative sea-level curve shows that the depths
of the delta fronts today are controlled primarily by regional tectonic movements and the global sea-level.

Our seismo-stratigraphic interpretation documents that the area off Hong Kong and around the Dongsha Islands experienced
two uplift episodes during the past 5 ma, namely at the Miocene/Pliocene boundary and at the end of the lower Middle
Pleistocene, respectively. These uplift events which are centred on the Dongsha Rise led to its subaerial exposure and to the
erosion of the Pliocene and most of the Pleistocene strata. The change from thermal subsidence of the continental margin
initiated at the end of the drift phase to the phase of magmato-tectonic uplift was caused by a reorientation of the tectonic
regime.

The Recent depositional environment on the northern continental margin of the South China Sea is dominated by sediment
accumulation within the inner shelf and the Zhujiang (Pearl River) estuary. The outer shelf and upper slope, especially around
the Dongsha Islands, are characterised by bypass of terrigenous material.

The sedimentary column in the deepsea basin has a thickness of more than 2 km and comprises 14 depositional units starting
with terrestrial rift deposits. It overlies oceanic as well as transitional crust.q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The South China Sea is bounded to the west by
Vietnam, to the north by southeastern China and

Taiwan Island, to the east by the Philippine arc and
to the south by Malaysia and Indonesia (Fig. 1). It has
a maximum water depth of over 4000 m. Gravimetric
studies, reflection seismic data, magnetic anomalies
and rock samples from the seafloor have confirmed
the oceanic character of its central part (Ludwig et
al., 1979; Taylor and Hayes, 1980; 1983). The north-
ern margin of the South China Sea has been the
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Fig. 1. Map of the South China Sea showing the location of the study area (pentagon). Insert shows the schematic geotectonic framework.



subject of detailed investigations for many years. In
the following, only selected comprehensive studies
are mentioned. The basement structure and tectonic
regime have been intensively investigated (Taylor and
Hayes, 1980; 1983; Pautot et al., 1986; Li and Rao,
1994; Lee and Lawver, 1995; Spangler-Nissen et al.,
1995; Lüdmann and Wong, 1999). The same is also
true for the oil-bearing pre-Pliocene strata (Cai, 1987;
Hu and Xie, 1987; Chen and Hu, 1989; Fulthrope and
Schlanger, 1989; Guong et al. 1989; Erlich et al.,
1990; Feng et al., 1992; Tyrrell and Christian,
1992). Although general overviews on Cenozoic sedi-
mentation in the South China Sea exist (Wu, 1988;
Wu, 1994), detailed studies on the post-Miocene sedi-
mentation processes are still not yet available
(Damuth, 1980; Niino and Emery, 1961; Feng et al.
1988; Li et al., 1991; Scho¨nfeld and Kudrass, 1993;
Xue et al., 1996). Recent studies have concentrated on
the response of the West Pacific marginal seas to
global climatic change (Wang et al., 1996). Of parti-
cular importance in this respect is the East Asian
monsoon system which exercises a decisive control
on the hydrography and sedimentation processes of
the South China Sea (Sarnthein and Wang, 1999). In
1999, five sites have been successfully drilled during
ODP leg 184 on the northern continental margin of the
South China Sea to investigate the monsoonal history
of East Asia (Wang et al., 2000).

The sedimentation history of the northern South
China Sea was dominated by terrestrial deposition
of the Shenhu, Wenchang and Enping formations
during the rift phase (Table 1). Later, with the begin-
ning of seafloor spreading, the sea encroached on the
continental margin and a marine paleo-environment
was established (Li, 1984; Wu, 1988; Guong et al.,
1989; Feng et al., 1992). Meanwhile, the continental
margins surrounding the South China Sea have been
the site of outbuilding of giant carbonate platforms
and local reef growth (Wu, 1988; Wu, 1994; Chen
and Hu, 1989; Chen et al., 1994). Subsequent to the
drift phase, thermal subsidence of the continental
margins terminated reef-building abruptly (Aquita-
nian to lower Burdigalian; Erlich et al., 1990), only
in local areas has it persisted into Recent times. These
reefs have been studied in detail, especially in the
Pearl River Mouth Basin (Cai, 1987; Hu and Xie,
1987; Chen and Hu, 1989; Fulthrope and Schlanger,
1989; Erlich et al., 1990; Tyrrell and Christian, 1992).

Concomitant with the onset of the drift phase
(32 Ma), a large deltaic system of the paleo-Zhujiang
(Pearl River) developed on the northern continental
margin of the South China Sea (Guong et al., 1989;
Chen et al., 1994). It exhibits a retrograding aggradi-
tional onlap pattern which indicates a continuous sea-
level rise accompanied by a successive landward
retreat of the depocenter (Chen et al., 1994). Since
the Pliocene, this style of sedimentation has changed
to an overall forestepping of the deltaic system.

The main sediment source within the study area is
the Pearl River (Fig. 1). At present, it discharges
approximately 300× 109 m3 of water and 90×
106 tons of sediment annually into its estuary (Gu et
al., 1990). The delta progrades at an average rate of
50–60 m/yr and a maximum of 100 m/yr (Huang and
Song, 1981). The water circulation pattern within the
South China Sea is controlled by monsoons as well as
the Kuroshio which flows northwards year-round
along the east coasts of the Philippines and Taiwan
Island towards Japan. Along its way, part of the flow
enters the South China Sea through the Bashi Strait,
where it splits into two branches, one flowing into the
East China Sea through the Taiwan Strait and the other
forming a counter-clockwise current within the South
China Sea. The surface currents are driven by
monsoons, which redirect the water masses to the
northeast in the summer and to the southwest during
the winter (Niino and Emery, 1961; Guan, 1993;
Shaw and Chao, 1994; Wang et al., 1995).

Fig. 2 is a block diagram of the bathymetry of the
study area compiled from Hydrosweep and Seabeam
data collected by the R/VSonneas well as from charts
of the British Hydrographic Office (1986) and SCSIO
(1986). It shows a distinct, broad continental shelf with
the 200 m isobath extending more than 200 km off the
Chinese coast. In the vicinity of the Dongsha Islands
between 200 and 600 m water depth, the shelf edge is
replaced by a plateau elongated NE–SW. This plateau
has a quasi-rhombohedral shape and the Dongsha
Islands are situated where the plateau is broadest near
its southeastern margin. The Dongsha Islands form an
atoll which emerges onlya few tensof meters above sea-
level. To the southwest, the upper slope is smooth and
gently seaward-dipping. In contrast, it is dominated by a
more-or-less rugged relief to the northeast.

The present paper focuses on the reconstruction of
the less known post-Miocene geological evolution of
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Table 1
Stratigraphy, sequences, unconformities and tectonic events of the Pearl River Mouth Basin



the northern South China Sea. The study area is located
on the continental margin off Hong Kong. It extends
between the Dongsha Islands and Taiwan (Fig. 1) and
occupies an area of about 190,000 km2. Reflection seis-
mic profiles covering this study area are correlated with
borehole data and box grab samples to elucidate the
post-Miocene depo-environment (Fig. 3).

2. Methods

During three cruises aboard the German research
vessel Sonne (SO-50B, 1987; SO-72A, 1990 and
SO-95, 1994; Fig. 3), more than 6600 km of multi-
channel reflection seismic data and high-resolution
3.5 kHz echograms as well as a number of box
cores have been collected. During cruise SO-95, the
seismic equipment used consisted of a Geco-Prakla
mini-streamer (active length 100 m) and three Geco-
Prakla air guns (total volume 5 l). The seismic data

were recorded digitally and later processed with a
commercial software package. During the earlier
cruises SO-50B and SO-72A, only an older analog
system with online profile printout was available.
Post-cruise data processing of these older lines to
remove the effect of the bubble pulse and multiples
was therefore not possible.

The basis of our seismo-stratigraphic interpretation is
the lithostratigraphy of the wells LH 11-1-1A (Tyrrell
and Christian, 1992), Zhu 2, Zhu 5 and Panyu 16-1-1
(Fig. 3, Table 2), together with p-wave velocities from
sonobuoy stations (Fig. 3, Table 3) as well as from wire-
line logs at the ODP sites (1144–1148, see Fig. 3)
(Wang et al., 2000). On the Dongsha Rise, 87 m of
Plio-/Pleistocene marine siltstones/mudstones with
thin carbonate interbeds and 798 m of middle to upper
Miocene marine mudstones and siltstones have been
drilled (drill hole LH 11-1-1A, Fig. 3). The underlying
layers consist of 476 m of porous lower Miocene carbo-
nates (Zhujiang carbonate) which are made up of an
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Fig. 2. Three-dimensional diagram of the seafloor relief of the study area. Overlay shows the distribution of geologic formations after
backstripping of the Quaternary section.



upper unit in a bank and platform facies and a lower unit
of fine-grained chalky limestones in a low-energy plat-
form facies. This is in turn underlain by 149 m of porous
upper Oligocene to lower Miocene quartz sandstones
(Zhuhai sandstone) which overlie the Mesozoic granitic
basement.

3. Seismic sequences, seismic facies and their
lithostratigraphic correlation

For the Quaternary, a set of hitherto undocumented
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Fig. 3. Location of profiles obtained during cruises of the R/VSonnein 1987 (SO-50B), 1990 (SO-72A) and 1994 (SO-95). Profiles presented in
this paper are shadowed and labelled. Filled triangles: sonobuoy stations (Ludwig et al., 1979; Li, 1984); crosses: wells (LH11-1-1A: Tyrrell
and Christian, 1992: ZHU2, ZHU3 and PY16-1: Guangzhou Marine Geological Survey of the Ministry of Geology and Mineral Resourses
PRC, unpubl. data; ZQ1-4: Xue et al., 1996); filled square: sediment trap location (water depth 3350 m); filled circle: location of sediment core
station 29 KL, cruise SO-50B, water depth 3766 m; filled stars: box grab stations (Wiesner, 1993); open circles: ODP sites (Wang et al., 2000);
open squares: sediment core locations from cruise SO-95 (Wang et al., 1999).

Table 2
Thickness in meters of the Neogene-Quaternary succession of
selected exploration wells from the northern South China Sea (see
Fig. 3 for well locations)

Epochs Zhu 2 Zhu 5 Panyu 16-1-1 LH 11-1-1A

Quaternary 196 209 209.8
87Pliocene 246.5 268.5 187.5

Miocene U 356.5 355 360.5 798
M 679.5 673.5 732
L 621.5 574 508.2 1361



high-frequency 4th order sequences was recognised in
the Dongsha region. The established stratigraphy within
the Pearl River Mouth Basin is based predominantly
on the recognition of 2nd to 3rd order sequences and
will be presented briefly below. Because of inconsis-
tencies in the numbering of the sequences and uncon-
formities within the Pearl River Mouth Basin (e.g. the
middle Oligocene regional breakup unconformity is
named T7 as well as T6 in the literature), we shall
adhere to the convention of Guong et al. (1989) for
the sequence stratigraphy and lithostratigraphy and to
that of Chen and Li (1987) for the unconformities.

Two types of acoustic basement can be distinguished
within the study area (Table 4). The first type (Bsed) is
characterised by strong, hyperbolic surface reflections,
the amplitude of which quickly diminishes with increas-
ing penetration. Parallel reflectors exist sporadically in
the subsurface. This documents its sedimentary origin.
The second type (Bign) consists exclusively of strong
hyperbolic reflections, the intensity of which slowly
diminishes with increasing depth. Internal stratifications
are absent. Examples are the oceanic crust and
magmatic intrusions within the continental crust. Gran-
ites, diorites and quartz-porphyrites of Mesozoic (late
Yenshanian movement) or Cenozoic age (rift phase)
probably dominate the rock types.

The Enping, Wenchang and Shenhu formations
(sequences I–III) consist seismically of subparallel,
discontinuous reflectors of varying amplitude
(Table 4). Their internal configuration is typical of

nonmarine deposits. They occur as rift depression fill
and comprise sandstones, siltstones and mudstones.
Sandy conglomerates occur sporadically.

The Zhuhai formation (sequence IV1) is charac-
terised by chaotic, hyperbolic reflections with high
amplitudes (Table 4) attributable to coarse, clastic
fluvial-marine to coastal sediments which are prob-
ably erosional products of the elevated rift shoulders.
Sequence IV2, a lower Miocene sandstone, is seismi-
cally masked on the Dongsha Rise by carbonate rocks
of the overlying sequence IV3. The latter is marked by
strong surface reflections of high continuity. The reef
and platform carbonates are bounded at the top by a
prominent unconformity (T4). Sequences IV2–IV3

correspond to the Zhujiang formation.
Sequences V–VI, corresponding to the middle to

upper Miocene Yuehai and Hanjiang formations by
correlation (Table 4), consist of an interbedded series
of siltstones, mudstones and sandstones with inter-
calations of carbonates and dolomites. Seismically,
they are represented by continuous parallel reflectors
with medium amplitude. These Miocene deposits are
separated from the Pliocene by a major erosional
unconformity (T1; Table 1).

The Pliocene Wanshan formation and the Quatern-
ary (sequence VII) consist of continuous, parallel
reflectors of high to medium amplitude (Table 4). In
these deposits, clay predominates over silt and sand. A
seismo-stratigraphic interpretation of our seismic
profiles permits the recognition of five high-frequency

T. Lüdmann et al. / Marine Geology 172 (2001) 331–358 337

Table 3
Sonobuoy velocities in km/s from the northern South China Sea: (A) after Ludwig et al. (1979); and (B) after Li (1984) (see Fig. 3 for locations
of sonobuoy stations)

A

Sonobuoy V1 V2 V3 V4 V5 V6 V7
126C17 1.73 2.07 2.44 2.49 5.00 6.20 6.70
127C17 1.84 2.04 2.92 5.10
128C17 2.00 2.60 3.05 5.10 6.10 7.20
129C17 2.05 2.40 2.80 3.20
131C17 2.20 4.40
133C17 1.92 2.68 2.71 5.00 5.55
213V28 1.80 2.30 2.95 4.70 5.45 6.05

B
Sonobouy V1 V2 V3 V4 V5 V6
80 1.6, 1.85 2.2, 2.45, 2.75 3.0, 3.5 3.9 4.2, 4.6 7.05
40 2.0 2.3, 2.65, 2.95 3.25, 3.5 3.9 4.3 5.25

Quaternary-Pliocene upper Miocene middle Miocene lower Miocene Oligocene Cretaceous
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Table 4
Summary of the seismic facies and stratigraphic correlations of the seismic sequences within the study area. The revised unconformity ages are also shown



4th order Quaternary seismic units (A–E, Table 5) on
the continental shelf off Hong Kong.

4. Plio-Quaternary sedimentation processes

4.1. Shelf-upper slope province

Fig. 2 shows the geological formations of the study
area with the Quaternary strata backstripped. In the
eastern part of the margin which is dominated by the
Dongsha Rise, Miocene deposits are unconformably

overlain by a thin layer of Pleistocene sediments (in
places only a few meters in thickness), whereas the
western part is covered by thick Pliocene to Quatern-
ary sediments (400–450 m, Table 2). Our data suggest
that these two areas have evolved geologically differ-
ently over this time interval. Seismic reflection profile
16 (Fig. 4) located on the Dongsha Rise clearly
demonstrates the absence of Pliocene strata and
outcropping of the Miocene formation on the seafloor.
High-resolution Parasound data west of line 16
(Fig. 5, profile 11) support this observation. The Pleis-
tocene coarse relict sediments are marked by a strong
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Table 5
Regressive seismic units (E, D, B and A, light gray) and transgressive unit (C, dark gray) recognised on the northern continental margin of the
South China Sea off Hong Kong; SPECMAPd 18O isotopic record from Imbrie et al. (1993); relative sea-level and neotectonics curves derived
from our seismic data; and relative sea-level curve from Xue et al. (1996) determined by bio- and lithofacies data from the ZQ 3 well (see Fig. 3
for well location) as well as from seismic profiles



continuous prolonged bottom echo with few or no
subbottom reflections. On the upper slope (300–
350 m water depth), they form a sheet-like body
with a thickness of 10–15 m (Fig. 5). Their relict
character has been confirmed by radiocarbon age
dating (Fig. 6, facies type 3a and 3b; the sedimento-

logical facies 1–5 will be considered later). The
underlying Miocene layers exhibit a sharp subbottom
echo delineating a rough erosional surface. They are
uplifted, dip to the north (Lu¨dmann and Wong, 1999)
(Figs. 4 and 5), and outcrop at the seafloor at the SSE
end of Parasound profile 11 (Fig. 5). This is the
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Fig. 4. (A) Part of reflection seismic profile 16 (SO-72A) on the Dongsha Rise and (B) interpretation. Roman numerals are sequence
designations (see Tables 1 and 3). This profile shows outcropping of the Miocene formation (V–VI) which is unconformably overlain by
Pliocene to Quaternary strata (VII). Offlap reflector terminations suggest that all formations have been truncated. See Fig. 3 for profile location.
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Fig. 5. Parasound profile 11 (SO-95) on the Dongsha Rise showing Miocene sediments bounded by an irregular erosional upper surface and unconformably overlain by relict
sediments of late Pleistocene age. See Fig. 3 for profile location.



result of two magmato-tectonic uplift events centred
around the Dongsha Islands, namely at the Mio-/
Pliocene boundary and within the lower Middle Pleis-
tocene (Lüdmann and Wong, 1999). The uplift events
with their subsequent subsidence phases in general,
and the evolution of the area around the Dongsha
Islands in particular will be discussed in Section 5.

4.1.1. Plio-Quaternary high-frequency seismic units
Interpretation of the reflection seismic profiles 1

and 8 (SO-50B) (Figs. 7 and 8) leads to the recogni-
tion of four type 1 sequences accumulated during the
past ca. 690 kyr. They are of short duration and repre-

sent high-frequency sequences of the 4th order. We
correlated our seismic data with the lithostratigaphy
of the wells ZQ 3, ZQ 4 (Xue et al., 1996; Fig. 9), Zhu
2, Zhu 5 and Panyu 16-1-1 (Figs. 3 and 7 and Table 2)
using p-wave velocities derived from sonobuoy
measurements (Ludwig et al., 1979; Li, 1984; see
Table 3). We note that these p-wave velocities are
generally higher than those determined at the ODP
sites which are in deeper waters (Wang et al., 2000).
To bring the sonobuoy velocities into line with the
ODP results, we reduced the sonobuoy velocities
systematically by 15%.

Near the shelf edge off Hong Kong west of the

T. Lüdmann et al. / Marine Geology 172 (2001) 331–358342

Fig. 6. Map showing the sedimentary facies distribution off Hong Kong deduced from bow grab samples of cruises SO-50B and SO-72A. After
Wiesner, 1993.



Dongsha Islands, four prograding wedges have been
detected (A–E; Figs. 7 and 8). They are interpreted as
progradational deltaic units because of their internal
oblique-tangential seaward-dipping reflectors which
generally terminate by toplap at the upper boundary
and by downlap at the base (Sangree and Widmier,
1977). Unfortunately, terminations of the reflectors at
the top of units A, B and D are partially masked by
reverberation of the source signal and a bubble pulse.
Only unit E on profile 8 shows a distinct toplap termi-
nation (Fig. 8) which suggests erosion of the upper
part of the depositional unit, resulting in a lack of
topset beds.

Within the prograding units A, B, D and E, internal
discontinuities (ID) divide the wedges into smaller
subunits (Figs. 7 and 8). The adjacent clinoforms
terminate by onlap or downlap against these ID’s at
different dips on the two sides. The average dip angle
lies between 0.58 and 2.58 with a maximum of 48. The
internal discontinuities may reflect minor sea-level
fluctuations or delta lobe switching during prograda-
tion. Tesson et al. (1993, 1999) described internal
discontinuities within their regional regressive seis-
mic units in the Rhoˆne delta. They named these IDs
downward shift surfaces (dss) and ascribed their
toeset erosion and the down-stepping geometry of
their flat upper bounding surface to minor relative
sea-level falls. Down-stepping of adjacent prograding
units can also be inferred from our seismic data (Figs.
7 and 8). We suggest that in our study area both delta
lobe switching and sea-level fluctuations might have
played a role in creating the observed stacking pattern
of the prograding complexes.

In addition to prograding clinoforms, we observed a
unit with downlap terminations both up- and down-
slope, resulting in a mound-like external geometry (C
on Figs. 7 and 8). Since this unit overlies a prograding
complex, it must have formed during the early phase
of a sea-level rise. That it is ridge-like in form is
suggested by correlation across profiles 1 and 8. Its
internal reflections have high amplitudes, indicating
that this unit consists of coarse material. We interpret
this structure as a sand-ridge formed in the vicinity of
the paleo-shoreline. Additional evidence may be
found in the coastal facies assemblage of well ZQ 3
ca. 60 km landward of the sand-ridge mapped (Fig. 9).
Comparable transgressive depositional systems have
been described by Penland et al. (1988) from the

Mississippi delta as inner-shelf shoals (subaqueous
barrier sands) as well as by Diaz and Maldonado
(1990) from the Maresme continental shelf (Mediter-
ranean Sea) as transgressive sand bodies.

Seismo-stratigraphic interpretations permit the
determination of three types of bounding surfaces of
different orders. Of the first order are master uncon-
formities which separate sequences and are polyge-
netic in character (1–3, Figs. 7 and 8 and Table 5).
They correspond to phases of transgression, regres-
sion and marine flooding. Unconformities of the
second order are boundaries between systems tracts
(10, 20; Figs. 7 and 8) and occur within a single
sequence. Internal discontinuities reflect unconformi-
ties of the third order and can be attributed to minor
sea-level fluctuations during a period of a major rela-
tive sea-level fall.

We now consider the stratigraphic relationship
between the seismic units and their depositional
history. From profile 1, the depths of the offlap
break of each delta front (1–4) below present-day
sea-level were determined. By correlating the present
locations of these delta fronts with the SPECMAP
oxygen isotope record used as a proxy for the global
sea-level curve (Imbrie et al., 1993), we obtained 4
points on the relative sea-level curve for the northern
continental margin of the South China Sea. Since this
curve is the sum of the eustatic and tectonic contribu-
tions to the regional relative sea-level fluctuations and
since the eustatic component is known, the tectonic
contribution could be computed. The results for the
period ca. 630 ka (stage 14) to Recent times are shown
in Table 5. These results, however, should be regarded
only as a first approximation because of the paucity of
data and of the fact that sediment loading, compaction
and erosion have not been taken into account. For
comparison, we also plotted the relative sea-level
curve of Xue et al. (1996) deduced from borehole
ZQ 3 (Fig. 3) for the past ca. 720 kyr using bio- and
lithofacies and seismic data (Table 5).

Our sequence stratigraphic interpretation leads to
the recognition of 5 systems tracts representing 4
lowstand wedges (regressive units A, B, D and E)
and one transgressive unit (C) (Table 5, Figs. 7 and
8). The prograding clinoforms of the sediment wedges
can be described as shelf-edge deltas deposited during
periods of eustatic sea-level fall. The surfaces of these
prograding complexes represent paleo-delta fronts

T. Lüdmann et al. / Marine Geology 172 (2001) 331–358 343
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üd

m
a

n
n

e
t

a
l.

/
M

a
rin

e
G

e
o

lo
g

y
1

7
2

(2
0

0
1

)
3

3
1

–
3

5
8

344



(Figs. 7 and 8). In classical sequence stratigraphy, a
normal regression occurs during a relative sea-level
rise when the terrigenous influx is high enough to
over-compensate the added accommodation (Vail et
al., 1977; Posamentier et al., 1988; Posamentier and
Vail, 1988). The resulting prograding deposits are part
of the transgressive systems tract. During a relative
sea-level stillstand, a terrigenous influx also leads to a
normal regression. In the case of a relative sea-level
fall, accommodation is always reduced and a forced
regression occurs (Posamentier et al., 1992). The
regressive stratigraphic unit accumulated during a
relative sea-level fall to early rise is the lowstand
wedge for a continental margin with a shelf break
(Posamentier and Vail, 1988). Sydow and Roberts
(1994) postulated that the regressive wedge of the
Alabama shelf was created during a relative sea-
level fall and lowstand although formally they belong
to a high-stand systems tract. Tesson et al. (1993,
1999) described regressive wedges from the Rhoˆne
delta (which they named regional prograding units)
as depositional units accumulated during a relative
sea-level fall.

We interpret the prograding delta wedges mapped
near the present-day shelf break as lowstand wedges
formed during forced regressions. During such an
event, a rapid basinward shoreline migration resulted
in a detachment of the regressive unit from the high-
stand shoreline, the two being separated by a zone of
sediment bypass and subaerial erosion. The prograd-
ing Pearl River delta of the Holocene is considered the
result of a normal regression, with sediment influx
exceeding the accommodation created by sea-level
rise. Because longshore currents and wave action
are strong (see Section 1), progradation of the Pearl
River delta to the modern shelf edge seems unlikely.
Although the SPECMAP curve shows that for the
time period under consideration, the rate of eustatic
sea-level fall was much lower than that of a eustatic
sea-level rise, there are two factors that promoted a
rapid regression during a sea-level fall. These factors
are: (1) the gentle dip of the shelf (0.05–0.48) for
which a small relative sea-level fall already resulted

in a widespread exposure of the shelf; and (2) a
continuous tectonic uplift of the continental margin
since isotopic stage 14 (ca. 550 ka) which accentuated
the effect of an eustatic sea-level fall.

The Panyu 16-1-1 well located close to profile 1
and with a drill depth of ca 2000 m penetrated into
the lower Miocene (Fig. 7, Table 2). A correlation of
the stratigraphy derived from this well with the seis-
mic reflectors of profile 1 allows an extrapolation of
the Mio-/Pliocene boundary (major unconformity T1,
Table 2) from the well location to the continental
slope. Because the signal weakens in the deeper part
of the seismic section and the multiples exercise a
masking effect, the sequences between T1 and the
prograding complex E (delta front 4) as well as the
lower boundary of E cannot be clearly distinguished
(Figs. 7 and 8). Despite these difficulties, the offlap
break of the complex E lying approximately 277 m
below the present-day sea level may be interpreted
as the delta front formed ca. 627 ka during a relative
sea level fall using the correlation with the SPECMAP
curve already discussed (Table 5, Figs. 7 and 8). The
magnitude of this fall was about the same as that
during the Last Glacial Maximum (LGM), namely
about 130 m (Table 5; Emery et al., 1970; Feng et
al., 1988; Scho¨nfeld and Kudrass, 1993).

Delta front 3 (prograding complex D; Figs. 7 and 8)
in turn would correspond to the sea-level fall of
isotope stage 14 (552 ka; Table 5). The top of this
delta front lies at a present-day depth of ca. 287 m
and was formed when the eustatic sea-level was ca.
96 m below present (Table 5) and when a flood plain
environment occurred at the location of borehole ZQ 3
(Fig. 9). Thus, during the period 627–552 ka, the
continental margin must have subsided about 44 m
[(287-96)–(277-130) m] (see neotectonic curve,
Table 5). This corresponds to a rate of 59 cm/ka.
For comparison, Ru and Pigott (1986) determined a
subsidence rate of ca. 3 cm/ka for the entire Quatern-
ary at the borehole Zhu D close to our seismic profile
8 (see Fig. 3 for locations), a value considerably lower
than our rate. This discrepancy can be explained by:
(1) the rate of Ru and Pigott (1986) is an average for a
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Fig. 7. Reflection seismic profile 1 (SO-50B). Note the four lowstand delta complexes (A, B, D and E) and the transgressive systems tract (C).
Q, Quaternary; N2, Pliocene; N1, Miocene; ID, internal discontinuities; TST, transgressive systems tract; TS, transgressive surface; mfs,
marine flooding surface. See Fig. 3 for profile location.
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Fig. 8. Part of reflection seismic profile 8 (SO-50B). Note the four lowstand delta complexes (A, B, D and E) and the transgressive systems tract (C). Symbols same as in Fig. 7. See
Fig. 3 for profile location.
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much larger time period (.1.8 Ma), so that rapid,
short-duration tectonic events are “averaged out”;
and (2) uplift events have not been recognised by
Ru and Pigott (1986). The internal discontinuities of
complex D may again be attributed to delta lobe
switching or minor sea-level fluctuations. Slump
deposits at the toe of the clinoforms of paleo-delta
front 3 suggest that slope instabilities have led to
mass wasting (Fig. 7). Such instabilities might have
been triggered by tectonic events, high sedimentation
rates and/or rapid delta progradation as attested to by
the steep seaward-dipping reflectors. Complex D is
bounded at its base by unconformity 3 and at its top
by unconformity 2 (Figs. 7 and 8). It is in part overlain
by the transgressive systems tract C which is repre-
sented by a mounded sand-ridge structure (Table 5).
With the deposition of the sand-ridges, the coast
shifted landward to the position of borehole ZQ 3
(Fig. 9). The deposits accumulated within the time
interval between stages 12 and 8 are either not

resolved by our seismic data or they have been eroded
during the initial regression of stage 8. In particular,
the highstand deposits are missing. They might have
been deposited landward of our profiles far from the
shelf edge as is the case today. Alternatively, the
broad inner and middle shelf with a gentle dip of
0.05–0.48 could have been subaerial and therefore
bypassed by sediments during a major sea-level fall.
In this case, the highstand systems tract of the
previous sea-level cycle could have been eroded.

Delta front 2 lies today at a water depth of ca.
221 m. It developed probably during the Saalian
glacial (complex B, Figs. 7 and 8, Table 5) and
prograded over the transgressive deposits (unit C) of
the previous sequence. The incorporated cycles of the
5th order are expressed in our seismic data in the form
of downstepping surfaces and internal discontinuities
associated with short-lived rapid regional sea-level
falls (Figs. 7 and 8). Unconformity 1 marks the
upper boundary of unit B and the base of the Holocene
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Fig. 9. (A) Part of reflection seismic profile 18 (SO-72A). T1, Miocene/Pliocene unconformity. (B) Relative sea level curve and facies
interpretation of well ZQ 4 (Xue et al., 1996). (C) Relative sea level curve and facies interpretation of well ZQ 3 (Xue et al., 1996). (D)
Part of reflection seismic profile 3 (SO-50B). See Fig. 3 for profile and well locations.

Fig. 10. Reconstruction of the paleo-depo-environment during the last glacial (after Feng and Shi, 1997). The paleo-delta front positions
mapped are also shown (see also Figs. 7 and 8).



sequence. The inferred tectonics curve (Table 5)
suggests that a phase of uplift of the continental
margin at an average rate of ca. 16 cm/ka (552–
135 ka) followed the subsidence of the time interval
627–552 ka.

The Weichselian glacial is marked by delta front 1
(prograding complex A) located today at a water depth
of 145 m (Figs. 7 and 8). Since stage 6 (135 ka), the
continental margin was uplifted about 84 m, corre-
sponding to a rate of ca. 71 cm/ka (Table 5). On profile
1 (Fig. 7), Holocene paleo-shorelines can be interpreted
to occur at water depths of 134 and 124 m. They exhibit
an overall retrograding pattern implying phases of
abrupt sea-level rise interrupted by phases of stillstand.
While our profiles cross the distal part of this delta, well
ZQ 3 is situated more landward and the sediment facies
drilled points to a flood plain environment, namely the
subaerial tidally-influencedpartof the delta (Fig. 9). The
well ZQ 4 in deeper waters shows for this time interval a
coastal environment (Fig. 9). The minor sea-level fluc-
tuations within this time period (Table 5) are not
expressed on our seismic lines and may be beyond the
resolution of our system. Fig. 10 shows our seismo-stra-
tigraphic interpretation in relation to the reconstructed
paleo-environment of the LGM published by Feng and
Shi (1997). Their reconstruction is based on a large
amount of core material and geophysical data collected
during a five-year Chinese marine engineering program.
Our interpretation is in goodagreement with their recon-
structed paleo-environment. For example, delta front 1

lies adjacent to the gradient break and the sand waves of
Feng and Shi (1997) can be identified on our seismic
profile 1 at the corresponding locations (Fig. 7). The
positions of the pre-Weichselian delta fronts (2–4) are
also shown in Fig. 10.

4.1.2. Holocene sedimentation processes
Fig. 6 shows the facies distribution of surface sedi-

ments determined from box grab samples of cruises SO-
50B and SO-72A (Wiesner, 1993). Five facies regions
were recognised: Facies 1 on the inner shelf may be
attributed to the Pearl River. Facies 2 is represented by
a mixture of recent and relict components and can be
characterised as palimpsest (Wiesner, 1993). Facies 3
comprises relict sands and facies 4 and 5 are hemipela-
gic in origin. Correlatable with this sediment facies
distribution is the echo-type distribution derived from
our high-resolutionParasound and 3.5 kHz pinger
profiles. It suggests that on the outer shelf, Holocene
deposits are present only in paleo-channels. These chan-
nels reach 20 km in width and are filled with sediments
of the Holocene sea-level rise (transgressive systems
tract). Northwest of the Dongsha Islands, Holocene
deposits can be traced to a water depth of 300 m
where they terminate by downlap on Pleistocene relict
sands (Fig. 11). These relict deposits have been sampled
at box grab stations up to a water depth of 600 m (facies
3, Fig. 6). Radiocarbon dating of mollusc shells found in
these sediments yielded an age of 23; 550^ 990 yr and
therefore placed them in the LGM (Wiesner, 1993).
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Fig. 11. Part of 3.5 kHz profile 18 (SO-72A). This profiles shows relict sediments (facies 3a and 3b, Fig. 6) on the upper slope (water depth ca.
370 m) ovelain by Holocene deposits. See Fig. 3 for profile location.



Similar Pleistocene relict sediments occupy the upper
slope around the Dongsha Islands where the Holocene
is absent. Perhaps the Holocene cover here has been
winnowed out by strong bottom currents. Evidence for
this is provided by cross-bedding in box grab samples at
122and300 mwaterdepthsatstations12and14(Fig.3),
as well as by current measurements several km south of
well LH 11-1-4 (Fig. 3) at depths of 60 and 320 m which
yielded velocities of 60 and 30 cm/s, respectively
(Sharma et al., 1991). In addition, analyses of core
samples off Hong Kong show a distinct basinward
increase in terrigenous components (Scho¨nfeld and
Kudrass,1993),whilesediment trapstudiesdemonstrate
that terrigenous material is transported in suspension

over the shelf edge far into deep waters (Jennerjahn et
al., 1992; Fig. 3). Mass wasting processes triggered by
Recent tectonicmovements(Lu¨dmannandWong,1999)
dominate on the continental slope. Fig. 12 shows a sedi-
mentpacket730 minthicknesswhichhasslidbasinward
(averagevp � 2500 m=s after Ludwig et al., 1979; Li,
1984). Additional evidence for mass movement can be
seen on profile 1 (SO-50B, Fig. 7) on which a sediment
slide on the slope that has glided basinward along a flat-
lying seafloor-subparallel fault plane can be observed.

4.2. Middle slope-deepsea basin province

Fig. 13 shows a profile on the continental margin
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Fig. 12. Part of reflection seismic profile 19 (SO-95). Documented is the occurrence of recent slumping at the continental margin. See Fig. 3 for
profile location.



off Hong Kong within the middle slope-deepsea
province. Plotted on this figure are three sites of
ODP Leg 184 drilled in the spring of 1999 (Wang et
al., 2000). Site selection was based largely on our
seismic profiles (Fig. 3). The primary objective of
Leg 184 was to study the East Asian monsoon system
from the rift stage of the South China Sea to Recent
times. On the northern continental margin, drilling
covered a time span back to the lower Oligocene
(Wang et al., 2000). From the Pliocene to the Holo-
cene, the carbonate concentration generally
decreased, in particular since the mid-Pliocene. The
past 3 Ma are characterised by high clastic sediment
accumulation rates. A part of these clastic sediments
was trapped in the course of their downslope transport
in small basins which originated during the rift and
post-rift stages (Lu¨dmann and Wong, 1999). The sedi-
mentary cover of the slope ranges between 400 and
.1000 m in thickness whereby the thickest accumu-
lations are confined to these basins. The relief of the
seafloor reflects the rough basement topography with
horsts and grabens adjacent to one another in rapid
succession. Sediment packets located at basin
shoulders often slide downslope; these mass move-
ments along the continental slope are presumably trig-
gered by Recent tectonic movements.

Wang et al. (1999) discussed the Pleistocene–
Holocene sedimentation regime on the continental
slope based on four sediment cores from water depths
of 1700 to 3400 m (cores 17937-2 to 17940-2; Fig. 3).
They reported that the thickness of the Holocene
decreases downslope from 6.5 to 1.1 m, while the
sedimentation rate of the glacial section (LGM —
isotope stage 3) increases from 19 cm/ka to
34–35 cm/ka (Wang et al., 1999). This increasing
trend is accompanied by a (hemipelagic) fluvial
component that increases downslope, and is attributed
to: (1) a significant incision of the Pearl River during
the LGM sea-level lowstand; and (2) transport of sedi-
ments discharged by the Pearl River downslope via
canyons, leading to sediment bypass of the coring
stations. However, our reflection seismic profiles
show that during sea-level lowstands, the Peal River
delta prograded to the shelf edge, and evidence for
significant river downcutting or for the existence of
major canyons is lacking. We suggest that the
observed increase in fluvial sediments downslope
may be a result of the location of their coring stations

which are downslope of the Dongsha Islands (Fig. 3).
During the LGM, these islands were at a more
elevated position than at present (see Section 5).
The paleo-delta of the Pearl River was located
more-or-less west of the Dongsha Islands, so that
the fluvial sediment load reached only the more basin-
ward-located coring stations; the supply of sediment
to the upper slope stations was restricted by the
uplifted Dongsha block.

Sediments of the deepsea basin within our study
area have a total thickness of about 2 km. They can
be divided into 14 seismic units (I–III, 1–11, Fig. 14).
However, a correlation with the sequences on the
continental shelf and slope is not possible because
of the lack of drill hole data and the existence of a
sharp structural boundary between these provinces.
Nevertheless, the synrift units (sequence I–III, Table
4) can be readily separated seismo-stratigraphically
from the post-rift units. Ke (1990) identified four
unconformities (Tg, T4, T2 and T1) in the deep basin,
while Yao et al. (1994) recognised only two uncon-
formities (Tg and T2; Table 1).

4.2.1. Cenozoic seismic units
The basinal deposits of the northern South China Sea

are continuous and well-stratified. The stratigraphically
oldest sediments occur in a small subbasin (Fig. 14C)
which is separated from the continental slope by a base-
ment ridge. Here, synrift deposits (I–III) overlie transi-
tional crust. Within the adjacent subbasin that is
underlain by oceanic basement, these units are missing
(Fig. 14A). The sedimentary column consists of a
succession of deepsea fans which were fed from differ-
ent directions and which thin basinward. Some of the
seismic units show lateral facies changes which prob-
ably correspond to transitions from the proximal to the
distal part of a fan. For example, sequence 6 in profile 5
is dominated by discontinuous and locally chaotic
reflectors of high amplitude (proximal fan, Fig. 14A),
whereas the corresponding units in profile 7 are charac-
terised by continuous reflectors of medium amplitude
(distal fan, Fig. 14C).

4.2.2. Sedimentation processes
The succession of post-rift deposits reaches a thick-

ness of 1855 m (averageVp � 2200 km=s; sonobuoy
126C17, Ludwig et al., 1979; Fig. 3, Table 3), implying
an average computed sedimentation rate of 58 m/Ma

T. Lüdmann et al. / Marine Geology 172 (2001) 331–358 351



T
.

L
üd
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Fig. 13. (A) Part of reflection seismic profile 5 (SO-95) and (B) interpretation. Shown also is a correlation between the seismic stratigraphy and the stratigraphy of the ODP sites
1146-1148 after Wang et al. (2000). T1, T4 and T7 are major unconformities (Tables 1 and 4). Q, Quaternary; N2, Pliocene;N3

1, upper Miocene;N2
1, middle Miocene; E3, Oligocene.

See Fig. 3 for profile location.



since the beginning of seafloor spreading 32 Ma ago.
This result is consistent with Plio-Pleistocene sedimen-
tation rates of 38–60 m/Ma obtained at ODP site 1145
(water depth 3175 m, Wang et al., 2000; see Fig. 3 for
site location). Studies on a sediment core retrieved from
a water depth of 3766 m yielded an average Quaternary
sedimentation rate of 104.5 m/Ma (SO-50B, core 29KL,
Schönfeld and Kudrass, 1993; see Fig. 3 for core loca-
tion). These values should be compared to typical
biogenic pelagic sedimentation rates of 5–50 m/Ma
and to average continental slope sedimentation rates
of 10–200 m/Ma, respectively (Einsele, 1992). Thus,
the deepsea basin of the northern South China Sea
must have had a normal sediment supply over the past
32 Ma. In contrast, the subbasins of the Pearl River
Mouth Basins (Zhu 1, Zhu 2 and Zhu 3) have higher
sedimentation rates of 210, 290 and 230 m/Ma, respec-
tively (Jin et al., 1984).

5. Neotectonics

The geological evolution of the Pearl River Mouth
Basin, the main structural element of the continental
margin of the northern South China Sea, can be
divided into three main phases (Feng and Zheng,
1983; Jin et al., 1984; Su and He, 1987; Guong et
al., 1989; Yu, 1994):

1. Basement rifting and basin subsidence from the
upper Cretaceous to the early Oligocene;

2. Faulting, subsidence and filling of the subbasins
from the late Oligocene to the early Miocene; and

3. Subsidence and filling of the entire basin since the
middle Miocene.

After the cessation of seafloor spreading in the middle
Miocene, two uplift events centeredaround the Dongsha
Rise occurred in the northern South China Sea, namely
at the Mio-/Pliocene boundary and during the Pleisto-
cene (Lüdmann and Wong, 1999). After the major colli-
sion of Taiwan with the East China continental margin
at the Mio-/Pliocene boundary (5 Ma ago), the NNW–
WNW compression was transformed into a WSW–
SSW strike–slip motion along the continental margin
of the northern South China Sea. This transform motion,
together with crustal stretching due to tensile forces of
the subsiding oceanic crust and to subduction at the

Manila trench, generated a transtensional tectonic
regime which activated and reactivated crustal zones
of weakness and caused upwelling of mantle material,
magma intrusion into the upper crust as well as uplift of
the caprocks (Lu¨dmann and Wong, 1999).

Our seismo-stratigraphic interpretation of the
reflection seismic profiles demonstrates that the
study area can be divided into two regions which
experienced different tectonic evolutions during the
past ca. 630 ka, namely offshore Hong Kong and
around the Dongsha Islands. For the zone off Hong
Kong, a tectonics curve (Table 5) was reconstructed
for the time interval from the lower Middle Pleisto-
cene to the LGM (see Section 4.1.1). Although this
curve should only be considered an order-of-magni-
tude estimate, it suggests that a subsidence phase that
persisted till the lower Middle Pleistocene was
succeeded by an uplift phase which lasted to the
LGM. A comparison between our reconstructed regio-
nal relative sea-level curve and that published by Xue
et al. (1996) shows that a lower Middle to Late Pleis-
tocene uplift event cannot be recognised at the more
landwardly-located well ZQ3 (Fig. 3). This probably
implies that the uplift was differential and that its
amplitude increased basinward.

Lowstand wedges near the shelf edge off Hong Kong
occurring today at depths not explicable by eustatic sea-
level changes alone document the importance of the role
of regional tectonics in deltaic sedimentation here from
the Pliocene to the Holocene (see Section 4). On the
continental margin around the Dongsha Islands,
however, a different sedimentary regime dominated.
Box grab samples and our seismic profiles show that
on the Dongsha Rise, the Pliocene section and a large
part of the Pleistocene strata are missing. Seismic profile
16 (SO72-A, Fig. 4) shows northward-dipping Miocene
layers overlain by a thin sheet of Pleistocene relict sand
(grab sample andParasound data). The Miocene age
assignment is based on correlation with the lithostrati-
graphy of well LH 11-1-1A (Fig. 3, Table 2) (Lu¨dmann
and Wong, 1999), while the surficial relict sands were
sampled with a box grab and their extent traced to a
water depth of 600 m (facies 3a and 3b, Fig. 6). The
fossils from these sands, consisting mostly of mollusc
shells, are from the LGM (Wiesner, 1993). We note that
these relict sands do not show any sign of redeposition,
and that the Pliocene to Pleistocene strata terminate by
offlap against (and are therefore truncated by) them
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Fig. 14. (A) Part of reflection seismic profile 5 (SO-95) and (B) interpretation. This profile shows the seismic units 1–10 (see text for explanation) andthe major unconformity T7
(see Tables 1 and 4). (C) Part of reflection seismic profile 7 (SO-95) and (D) interpretation. This profile shows the seismic units 1–11 (see text for explanation) and the major
unconformities T7 and Tg (see Tables 1 and 4). See Fig. 3 for profile locations.



(Fig. 4). Fig. 2 gives the distribution of the Pliocene and
Miocene formations after the Quaternary is back-
stripped. It suggests two possible scenarios. The first
and more likely is that during the Pleistocene, the entire
Dongsha Rise was uplifted and subaerially exposed, and
erosion of the uppermost strata occurred (submarine
redeposition of this extent seems unlikely). Our high-
resolutionParasound profile 11 farther to the east is
consistent with this view (Figs. 3 and 5). Miocene strata
that outcrop at the SSE end of this profile are covered by
relict sediments marked by sharp, prolonged surface
reflections with few or no surface-parallel subbottom
echoes. The thickness of these relict sediments reaches
10–15 m. Although their top was dated to be at the
LGM, the age of the bottom (a lower limit for the age
of uplift) is unknown because the box grab penetrated
only the first meter of the seafloor. The Pleistocene
mollusc fauna of these relict sediments points to a maxi-
mum paleo-water depth of ca. 100 m. Because the late
Pleistocene sea-level fall was ca. 130 m and the present-
day maximum depth of occurrence of these sediments is
600 m (facies 3a and 3b, Fig. 6), the Dongsha Rise must
have subsided about 370 m since the LGM. This gives a
calculated average subsidence rate of around 15 m/ka,
an extremely high rate but one which applies only to the
past 24 kyr. The subsidence is presumably differential,
its rate increasing from the shelf edge to the middle
slope. The alternative scenario is that these relict sedi-
ments are a result of mass wasting and sediment rework-
ing. Although significant mass movements on the
Dongsha Rise within the water depth range of 200–
600 m have not been observed, their existence cannot
be completely ruled out. More studies are necessary to
distinguish between these two possible interpretations.

Additional indirect evidence for uplift of the Dongsha
Rise is provided by the ODP drill holes. Wang et al.
(2000) reported that there was a significant increase in
the supply of terrestrial material 3 and 0.25 Ma ago. We
suggest that these two sedimentation events may have
been related to the uplift episodes of the Dongsha Rise,
which resulted in its subaerial exposure and rapid
erosion. The erosional products must have been trans-
ported downslope to the adjacent ODP sites.

6. Conclusions

A sequence stratigraphic interpretation of high-

resolution reflection seismic profiles on the northern
continental margin of the South China Sea led to the
recognition of four type 1 sequences for the past
690 kyr. These sequences are a result of high-
frequency sea-level fluctuations of the 4th order.
They consist of lowstand systems tracts of a prograd-
ing shelf edge delta deposited during a relative sea-
level fall, and are bounded by polygenetic surfaces
representing phases of regression, transgression as
well as sea-level stillstand. Internal discontinuities
within the prograding delta complexes may be attrib-
uted to minor sea-level changes of the 5th order or to
delta lobe switching. A preliminary correlation of the
relative sea-level curve for the continental margin off
Hong Kong deduced from our seismic data with the
SPECMAP oxygen isotope curve suggests that the
position of the regressive units through time are
largely controlled by neotectonics and eustatic sea-
level change. Studies on Quaternary sediments around
Hong Kong in which 4th order sea-level fluctuations
and minor changes of the 5th order have been recog-
nised support our seismo-stratigraphic interpretation
(Fyfe et al., 1997; Yim, 1999). Thus, the 4th order
fluctuations studied (which correspond to our regres-
sive units A, B and D) cover.440 kyr and are char-
acterised by terrestrial sedimentation combined with
subaerial fluvial erosion. Each 4th order cycle consists
of minor sea-level changes of higher order which are
also documented in our seismic records.

In contrast to the continental margin south of Hong
Kong, the region around the Dongsha Islands has a
Pliocene–Quaternary sedimentation history domi-
nated by uplifts accompanied by widespread subaerial
exposure of parts of the Dongsha Rise. This led to
erosion of the Pliocene and much of the Pleistocene
strata. We postulate that these uplifts are due to
magmato-tectonic events related to the collision
between Taiwan and the East Asian continent
(Lüdmann and Wong, 1999). Thermal subsidence
since the LGM proceeds at a rate averaging
15 m/ka. We note that the occurrence of relict sands
down to a present-day water depth of 600 m could
have also resulted from mass wasting and sediment
reworking rather than subsidence.

The Recent depositional environment is charac-
terised by sediment accumulation within the river
estuaries as well as by transport of terrigenous mate-
rial to the deepsea basin which remains uninterrupted
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in spite of the Holocene sea-level rise. The mass
wasting processes predominant on the continental
slope are controlled largely by tectonic triggering
and over-steepening. Sediments within the deepsea
basin are over 2 km in thickness and may be sub-
divided into fourteen depositional units that cover
the rift and post-rift phases.
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