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 Abstract 

Various sediment- and hydrodynamic factors including tides (meso-tidal system), waves, 

coastal currents and seasonal-driven river discharge influence the coastal zone of southern 

Vietnam. In particular, the Mekong River Delta (MRD) that belongs to Asian Mega-deltas, 

represents these land-ocean interactions in many variations. The locally prevailing processes and 

the amount of sediment, supplied by the Mekong distributaries, characterize the morphology and 

sediment distribution of the subaqueous delta. In contrast, delta morphology and sedimentary 

pattern reflect these impacts. This study investigates the hydro-, morpho- and sediment-dynamic 

processes of the subaqueous MRD to figure out their interactions. 

Three cruises in 2006, 2007 and 2008 were carried out in the subaqueous MRD extending 

from the Bassac River, the main distributary of the MRD, to the coast N of Ca Mau Cape in the 

Gulf of Thailand. All cruises were performed during the inter-monsoon season (March to May) 

where wave and wind influences have low effects to sedimentation processes compared to the 

summer monsoon (May to early October) and winter monsoon season (October to early March). 

This study presents data of suspended matter (turbidity meter, water samples, LISST-

instrument), seismic profiles (Boomer and C-Boom-system), grab and sediment core sampling 

and point and current-measurements (using Acoustic Doppler Current Profiler) that provide 

information of current velocities and directions. Data of different tide gauge stations in the MRD 

were included to compare the mixed semidiurnal–diurnal tidal cycle and related own relevant 

measurements (e.g. suspended matter, sediment transport direction). 

Various factors including tides (meso-tidal system), waves, coastal currents, monsoon-driven 

river discharge and human impact (agriculture, fishing, sand mining, tourism) influence the 

MRD. The present study aims to document the seafloor relief, sediment distribution and 

sediment accumulation rates to interpret modern sediment transport directions and main 

sedimentation processes in the subaqueous Mekong Delta. 

The major results of this investigation include the detection of two delta fronts 200 km apart, 

one at the mouth of the Bassac River (the biggest branch of the Mekong Delta) and the other 

around Ca Mau Cape (most south-western end of the Mekong Delta). The sediment 

accumulation rates vary greatly according to the location in the subaqueous delta and have 

reached up to 10 cm/yr for the last century. A cluster analysis of surface sediment samples 

revealed two different sediment types within the delta including well-sorted sandy sediment and 

poorly sorted, silty sediment. In addition, a third end member with medium to coarse sand 
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characterize the distant parts of the delta at the transition to the open shelf. The increase of 

organic matter and carbonate content to the bottom set area and other sedimentary features such 

as shell fragments, foraminifera and concretions of palaeo-soils that do not occur in delta 

sediments, supports grain size-based classification. 

Beginning in front of the Bassac River mouth, sedimentary pattern indicates clockwise 

sediment transport alongshore in western direction to a broad topset area and the delta front 

around Ca Mau Cape. Our results clearly show the large lateral variability of the subaqueous 

Mekong Delta that is further complicated by strong monsoon-driven seasonality. River, tidal and 

wave forcing vary at local and seasonal scales with sedimentary response to localized short term 

depositional patterns that are often not preserved in long term geological records. 

Land-ocean interactions in the coastal zone are severely influenced by tidal processes. In 

regions of high sediment discharge like the Mekong River Delta in southern Vietnam, these 

processes are even more significant. 

Cruise results show significant areas of suspended sediment concentrations (SSCs) greater 

than 25 µl/l in the Mekong River branches and its subaqueous delta during the inter-monsoon 

season. 20 % of all measured SSCs in the subaqueous Mekong Delta exceed 100 µl/l. Highest 

concentrations occur close to the seabed. SSCs decrease at the transition to the open shelf. The 

shelf region contains only low suspension loads, especially on the south-eastern shelf (99 % of 

all samples < 25 µl/l). However, in the southern shelf region around Ca Mau Cape the 

suspension load is also higher (> 25 µl/l) close to the seabed in water depths of 20 to 25 m. 

Two surveys lasting 25 hours each were performed on mooring stations in 12 m (Mooring 1) 

and 26 m (Mooring 2) water depth and located 3.2 km apart on the subaqueous delta slope. 

Similar patterns of SSC over time show that concentrations of suspension load correlate with the 

tidal current velocities. High tidal current velocities of up to 0.6 m/s near the sea bottom 

generate increasing SSCs of more than 25µl/l in the water column. Additionally a significant 

trend of decreasing SSC from the near-seabed to the upper part of the water column can be 

observed. In terms of sediment transport the ebb phase dominates the tidal cycle by its higher 

tidal current velocities but the flood phase has the longer duration. The switch of the tidal 

current direction from ebb to flood phase occurs rapidly against which the change from flood to 

ebb phase requires up to 3 hours. This leads to an asymmetry of the tidal ellipses and may cause 

a net-sediment transport from the shelf into the subaqueous Mekong delta. 
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In the subaqueous Mekong Delta and adjacent shelf, seven transects show similar patterns of 

SSCs dependent to the tidal phase. A hypopycnal sediment plume from the subaqueous Mekong 

Delta into the shelf region was not observed. Our results imply that resuspension by tidal 

currents dominates the sediment transport in the subaqueous Mekong Delta and adjacent shelf 

regions during the inter-monsoon season. 

Mega-deltas like the Mekong River delta differ in shape and sedimentary pattern in dependence 

on the interplay of river, tide and wave forces. Specific hydro- and morphodynamic conditions 

in the subaqueous part of the Mekong River Delta generate a sand-ridge-system combined with 

erosional channels, which is unique in subaqueous delta formations. This large-scale 

morphological feature extends along the delta front, in particular, the delta slope and subaqueous 

delta platform of the Mekong River Delta. A system consisting of two sand ridges and two 

erosional channels (termed sand-ridge-channel-system (SRCS)) covers at least an area of 1971 

km2 and extends in minimum 128 km along the coast. Three different areas west of the Bassac 

river mouth, the largest and western-most Mekong distributary, were distinguished according to 

their morphology. The eastern area, where the channel-ridge formation begins, stretches along 

the delta slope and inner shelf platform southwest of the Bassac river mouth with slightly 

concave and erosional features. The central area covers the southern part of the subaqueous delta 

platform with a pronounced sand-ridge and erosional channel morphology. Hydroacoustic cross-

sections of the SRCS reveal an asymmetric shape including steeper ridge flanks facing into 

offshore direction. The channel troughs incise up to 18.2 m b.s.l. and 10.5 m from the ridge top 

at the shallow subaqueous delta platform, respectively. At the western part of the central area, 

the sand ridges pinch out while the two channels merge into one and form a giant scour of up to 

33 m water depth within the subaqueous delta platform of generally less than 7.7 m water depth. 

In the western area, the channel gets shallower and vanishes along the south-western most 

subaqueous delta platform around Ca Mau Cape. 

Headland retreat and sediment transport from erosive areas of the Mekong river delta coast are 

the source to form the sand-ridges and coastal subparallel tidal currents maintain and stabilize 

them. In contrast, tide and wind-driven currents cut the erosional channels, which act as fine 

sediment conveyor to the distal part of the delta front that is 200 km apart of the next main 

distributary. The SRCS represents a new morphological feature in the subaqueous deltaic 

environment and is a relevant indicator of delta instability and coastal erosion in subaqueous 

deltas. 
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 Zusammenfassung 

Einflüsse sediment- und hydrodynamischer Faktoren wie Tide, Wellen, küstennahe 

Strömungen und sich verändernde Flusseinträge infolge jahreszeitlich bedingter 

Wettervariationen (Monsun) sind in den Küstenzonen zu beobachten. Besonders das Mekong-

Delta in Südvietnam, das zu Asiens großen Deltas zählt, repräsentiert diese Interaktionen 

zwischen Land und Meer in vielfacher Weise. Der Flusseintrag aus den Mekongarmen und die 

lokal domierenden Prozesse bestimmen die Deltamorphologie und die örtliche 

Sedimentverteilung im subaquatischen Delta. Im Gegensatz gibt die Deltaform und die 

Sedimentverteilung Einsichten über die Einflussfaktoren wieder. Diese Arbeit beschäftigt sich 

mit den hydro-, morpho- und sedimentdynamischen Prozessen im subaquatischen Mekongdelta 

und versucht einen Beitrag zum Verständnis ihrer Interaktionen zu leisten. 

In den Jahren 2006, 2007 und 2008 wurden Forschungsausfahrten in das subaquatische 

Deltagebiet zwischen dem Bassac Fluß, dem größten Hauptarm im Mekongdelta, und dem 

östlich gelegenen Golf von Thailand durchgeführt. Alle Ausfahrten fanden während der 

Intermonsunzeit statt (März bis Mai), in der vergleichweise zur Sommer- und Wintermonsunzeit 

(Mai bis anfang Oktober bzw. Oktober bis März) Wind- und Wellenenergie geringen Einfluss 

auf die Sedimentationsprozesse haben. Diese Studie verarbeitet Daten von 

Sedimentschwebstoffen (Trübemesser, Wasserproben, LISST-Instrument), hydroakustischen 

Profilen (Boomer und C-Boom-System), Backgreiferproben und Schwerelotkernen. Des 

Weiteren wurden Strömungsgeschwindigkeiten und -richtungen mit Hilfe eines ADCPs 

(Acoustic Doppler Current Profiler) entlang von Profilen und an speziellen Ankerstationen über 

die gesamte Wassersäule aufgenommen. Die tideabhängigen Wasserstandsveränderungen 

entlang der Küste des Mekongdeltas wurden von geeigneten Messstationen hinzugezogen, um 

die Tidephasen mit den eigenen Untersuchungen zu korrelieren. 

Das Mekong-Delta wird von vielfältigen Faktoren wie Tide (meso-tidales System), 

Windwellen, küstennahe Strömungen, monsungesteuerter Ausfluss der Flüsse und menschlichen 

Eingriffen (Agrikultur, Fischerei, Sandausbaggerungen, Tourismus) geprägt. Deshalb soll die 

rezente Untersuchung darauf zielen, die Meeresbodenmorphologie, Sedimentverteilung und 

Sedimentakkumulationsraten zu erfassen, um somit die gegenwärtige Sedimenttransportrichtung 

und die dominierenden Sedimentationsprozesse im subaquatischen Mekong-Delta zu 

interpretieren.  
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Im Mekong-Delta sind zwei Deltafronten herausgebildet. Eine befindet sich direkt vor dem 

Bassac-Fluss und den Hauptflussmündungen des Mekong-Flusses während die Zweite sich 200 

km am Kap Ca Mau, dem südwestlichen Ende des Mekong-Deltas, erstreckt. Die 

Sedimentakkumulationsraten des subaquatischen Mekong-Deltas sind stark ortsabhängig und 

erreichen für das letzte Jahrhundert bis zu 10 cm/a. Eine Klusteranalyse der 

Oberflächensedimente ergab zwei Sedimenttypen, die das subaquatische Mekong-Delta 

repräsentieren. Der erste Typ besteht aus gut sortierten Sanden während der zweite Typ ein 

breites Korngrößenspektrum dominierend in der Siltfraktion aufweist und schlecht sortiert ist. 

Ein drittes Kluster, bestehend aus mittleren und groben Sanden, charakterisiert den distalen 

Deltabereich im Übergang zum offenen Schelf. Die auf der Korngrößenverteilung basierende 

Klassifikation wird sowohl durch einen anwachsenden Anteil an organischen Material und 

erhöhtem Karbonatanteil am auslaufenden Deltahang in seewärtiger Richtung als auch 

vorkommende Muschelbruchstücke, Foraminiferen und Konkretionen von Paläoböden, die nicht 

in Deltasedimenten vorkommen, unterstützt. 

Die Sedimentmuster seewärts des Bassac-Flusses zeigen einen Sedimenttransport im 

Uhrzeigersinn und in westlicher Richtung entlang der Küste bis zu einem breiten flachen Gebiet 

der Deltafront von Kap Ca Mau. Die subaquatischen Deltasedimente zeigen eine sehr hohe 

laterale Variabilität auf, die durch die stark lokal und monsungesteuerte saisonal variirende 

Wirkung aus Flussfracht, Tide und Wellen resultiert. Häufig werden diese Sedimente nicht in 

langfristigen geologischen Aufzeichnungen erhalten. 

Tideprozesse beeinflussen die Interaktion zwischen Land und Meer. Besonders in Regionen 

mit einem hohen Sedimentausfluss wie im Mekongdelta in Südvietnam sind diese Prozesse 

weitaus stärker von Bedeutung. 

Während der Forschungsausfahrten in der Intermonsunzeit sind erhöhte 

Sedimentkonzentration größer 25µl/l in Bereichen der Hauptflussarme des Mekongs und des 

subaquatischen Gebietes beobachtet worden. Im Besonderen überstiegen 20 % aller Messungen 

im subaquatischen Delta eine Sedimentkonzentration von 100 µl/l, wobei die höhsten Werte 

nahe des Meeresbodens gemessen wurden. Im Übergang zum offenen Schelf nehmen die 

Sedimentkonzentrationen ab und speziell in der südöstlichen Schelfregion sind 99 Prozent aller 

Messungen unterhalb von 25 µl/l. Eine Ausnahme zeigt das südliche Schelfgebiet um das Kap 

Ca Mau, wo bodennah in Wassertiefen von 20 bis 25 m eine erhöhte Sedimentschwebfracht 

(>25 µl/l) auftritt.  
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Es wurden zwei Untersuchungen von jeweils 25 Stunden an Ankerstationen in Wassertiefen 

von 12 m (Ankerstation 1) und 26 m (Ankerstation 2) durchgeführt, um jeweils über eine 

Tidephase die Sedimentkonzentrationen der Wassersäule und die Strömungsgeschwindigkeiten 

bzw. -richtungen in unterschiedlichen Wassertiefe zu ermitteln. Die Stationen befinden sich am 

subaquatischen Deltahang und 3.2 km voneinander entfernt. Beide Untersuchungen zeigen über 

die Zeit ähnliche Sedimentverteilungen, die mit den Tidesströmungen korrelieren. Es werden 

erhöhte Sedimentkonzentrationen (>25µl/l) bei hohen Tideströmungen von bis zu 0.6 m/s 

gemessen. Zusätzlich ist ein abnehmender Trend der Sedimentkonzentration vom bodennahen 

Bereich hin zu der Meeresoberfläche zu beobachten. Bezüglich des Sedimenttransportes hat die 

Ebbphase höhere Strömungsgeschwindigkeiten gegenüber der Flutphase, die jedoch länger 

andauert. Des Weiteren ist der Wechsel von Ebb- zur Flutphase sehr schnell während der 

Übergang von Flut zu Ebbe bis zu 3 Stunden andauern kann. Die erzeugte Asymmetrie der 

Tideellipse, kann infolge der höheren Tideströmungen der Ebbphase einen 

Netzsedimenttransport vom Schelf in das subaquatische Mekong-Delta verursachen. 

Sieben Transekte zeigen in Abhängigkeit zur Tidephase im subaquatischen Mekong-Delta 

und dem angrenzenden Schelf ähnliche Schwebfrachtverteilungen. Ein hypopyknischer Plume 

vom subaquatischen Mekong-Delta in den offenen Schelf ist nicht beobachtet worden. Aus den 

Untersuchungsergebnissen ist zu folgern, dass während der Intermonsunzeit der 

Sedimenttransport aufgrund der Resuspension durch Tideströmungen erfolgt. 

Der lokale Einfluss von Tide, Wellen und Flüssen prägt die Morphologie und 

Sedimentverbreitung in großen Deltas wie dem Mekong-Delta. Spezifische hydro- und 

morphodynamische Bedingungen bilden im Mekong-Delta ein Sandrücken-System in 

Verbindung mit erosiven Rinnen, dass einzigartig in subaquatischen Deltagebieten ist. Es 

erstreckt sich großräumig entlang der Deltafront, im Besonderen am Deltahang und der 

subaquatischen Deltaplattform. Bestehung aus zwei Sandrücken und zwei erosiven Rinnen 

nimmt es mindestens eine Fläche von 1971 km² ein und verläuft 128 km entlang der Küste. In 

Abhängigkeit von der Morphologie werden drei Einheiten westlich der Mündung des Bassac-

Flusses, dem größten und westlichsten Flussarm des Mekong-Deltas, unterschieden. Der 

östliche Bereich des Sandrücken-Rinnen-System beginnt südwestlich der Bassac-Flussmündung. 

Dort erstreckt es sich am Deltahang und der inneren Schelfplattform und ist morphologisch 

durch konkave und erosive Merkmale am Meeresboden gekennzeichnet. Den zentralen Bereich 

des Sandrücken-Rinnen-Systems nimmt die südliche subaquatische Deltaplattform ein, auf der 

die Sandrücken und erosiven Rinnen deutlich ausgeprägt sind. Anhand hydroakustischer 
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Querschnitte durch das Sandrücken-Rinnen-System ist seine asymmetrische Form gut 

erkennbar, wobei die steileren Flanken in seewärtige Richtung zeigen. Die Rinnen schneiden 

sich bis zu 18 m Wassertiefe und bis zu 10.5 m, gemessen vom Rückenkamm, in die 

subaquatische Deltaplattform ein. Im westlichen Bereich des zentralen Gebietes laufen die 

Sandrücken aus und die Rinnen vereinigen sich in Form einer großen Kolkung von bis zu 33 m 

Wassertiefe in der subaquatischen Deltaplattform, die im Umfeld der Kolkung Wassertiefen 

kleiner als 7.7 m aufweist. In dem westlichen Gebiet des Sandrücken-Rinnen-Systems wird die 

einzelne Rinne stetig flacher bis sie in der südwestlichen subaquatischen Deltaplattform um das 

Kap Ca Mau verschwindet. 

Rückschreitende Erosion an Landzungen und weitere erosiven Küstengebiete des 

Mekongdeltas sind Nährgebiete für die Sandrücken während Tideströmungen, subparallel zur 

Küste, sie unterhalten und stabilisieren. Im Gegensatz formen auch Tide- und windinduzierte 

Strömungen die Rinnen, die sich tief in die subaquatische Deltaplatform einschneiden und als 

Sedimentförderband zu der distalen Deltafront um das Kap Ca Mau dienen, das 200 km von der 

nächsten Haupflussmündung entfernt liegt. Das Sandrücken-Rinnen-System repräsentiert eine 

neue morphologisches Besonderheit in einer Deltaumgebung und ist ein Indikator für 

Instabilitäten und Küstenerosion in subaquatischen Deltas. 
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 Chapter I 

General Introduction 

The necessity of understanding human influences within natural environments is important 

without a doubt, because it turns natural condition into different and hence unnatural directions. 

For examples, simultaneously, humans have stepped up sediment transport by global rivers due 

to soil erosion by 2.3 ± 0.6 billion t yr-1 and have decreased the sediment flux into the ocean by 

1.4 (± 0.3) billion t yr-1 due to reservoir retention (Syvitski et al., 2005b). Both processes change 

the natural equilibrium against each other and it becomes hard to distinguish between the 

impacts of these particular processes. Therefore, it is important to understand and reconstruct 

most of the physical environmental conditions. 

The population in the Mekong River delta amounts to 20 million people (Ericson et al., 

2006). Although its delta plain covers an area of 49,500 km2, the Mekong River delta has one of 

the highest population densities (412 person per km2) in Vietnam (Käkönen, 2008). The local 

economy is prevailed by agriculture and aqua farming. In 2005, two to three rice harvests supply 

19.2 million tons (Sakamoto et al., 2007) and the freshwater fishery in 2006 produced 1.2 

million tons per year, a total of 2.6 billion US$ per year (MRC, 2010). The importance for the 

global and inner-South-Asian economy and food production is immense, because many people 

life in dependence on the agro- and aquaculture of the Mekong River delta. The food production 

depends on the stability of many influence factors like nutrient and sediment supply, water 

quality and saline intrusion into croplands, coastline retreat or progradation. The knowledge of 

the factor processes is crucial to estimate future developments in food production. 

The more than 500 km long coast of the Mekong River delta is prevailed by boundary 

condition between land-ocean interaction and influenced by various sediment- and hydro-

dynamic factors including tides, waves, coastal currents and seasonal driven river discharge 

(Syvitski and Saito, 2007). In mega-deltas like the Mekong River Delta both the local energetic 

environment and the supply of sediment regulate subaerial and subaqueous coastal morphology. 

In reverse, delta morphology and sedimentary pattern reflect these impacts. For example, 

Tamura et al. (2012) present shoreline changes of centennial scale, whereas delta front 

bars/islands are developed. In landward direction, bay head deltas evolve and are secondarily 

filled by muddy sediment due to the lower energetic environment behind the delta front bars and 

islands. 
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However, little is known about the prevailing hydro- and sediment-dynamic influence 

factors of the subaqueous Mekong delta and only sparse data of morphodynamic processes exist. 

The investigations of this thesis aim directly at closing these gaps of knowledge. 

The work is integrated into the German-Vietnamese marine research project “Land-ocean-

atmospheric interactions in the coastal zone of Southern Vietnam” supported by the DFG 

(DFG_STA401/10). In more detail it has the following objectives: 

Hydrodynamic conditions including tidal amplitudes and currents: 

Wind and tide driven currents and wave action are crucial parameters in the coastal 

environment. Interpretation of coastal hydrodynamic processes cannot be done without a 

quantification of their influences. This study will access the tidal influence as factor to the 

hydrodynamic processes, because wind and wave action were diminished during the data 

acquisition. 

Morphodynamic processes of the subaqueous Mekong delta: 

Different models of delta shapes exist in dependence on their driving influence factors 

(Orton and Reading, 1993; Walsh and Nittrouer, 2009). In mega-deltas like the Mekong-River 

Delta, the driving influence factors changes and alter morpho dynamic parameters. 

Consequently, the delta morphology varies in shape. This study surveys the subaqueous delta 

shape and morpho dynamic conditions are reconstructed. 

Sedimentdynamic processes of the subaqueous Mekong delta: 

Understanding sediment delivery from source to sink is one of the crucial challenges of 

sedimentologists of the 21st century. Although many models (Postma et al,. 2008, Xue et al., 

2012a) and investigations (Harris et al., 2004; Duc et al., 2007) already exist about sediment 

transport, erosion and accumulation in subaqueous river deltas, they show that each deltaic 

environment is unique (Bhattacharya and Giosan, 2003). Results of hydro and morphodynamic 

factors are used to identify the depositional conditions in the subaqueous Mekong delta. 

Particularly, this study will focus on the spatial suspended sediment distribution from the 

Mekong-River mouth region to the open shelf. 
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In the lab, sediment cores were splitted, described, subsampled and X-radiograph-negatives 

were taken, respectively. Sediment samples are separated for loss on ignition and laser 

granulometry method. Water samples are filtered to estimate suspended sediment concentration. 

The following chapter describes the methodology of the main applications (geochemical, 

physical, especially optical and hydro acoustic methods). 

1 Geochemical Methods 

1.1 Loss on Ignition-Method 

The loss on ignition method (LOI) is used to estimate the amount of organic matter and 

carbonate mineral content in sediments (Dean, 1974; Heiri et al., 2001; Santisteban et al., 2004). 

Heating sediments at 550°C and 950°C cause the combustion of organic matter (LOI550) and 

carbonate (LOI950) to carbon dioxide, respectively. The amount of the weight loss is simply 

estimated by weighing using the following procedure (after Heiri et al., 2001): 

1. Weighing of sample cup and sample cup plus wet sediment sample  

2. Sediment drying at 50 °C for 24 hours (between all following heating and weighing 

steps sediment were put into a desiccator to avoid higher moisture in the sample due 

to high humidity) 

3. Homogenizing of the sediment sample in a mortar 

4. Weighing crucible (high temperature (>1000°C) resistant) and additionally crucible 

plus sediments using a micro balance (accuracy = 0.00001 g) 

5. Heating the sediment into a muffle furnace at 105 °C for 24 hours 

6. Weighing sediment including crucible (LOI105) using the micro balance 

7. Heating the sediment into a muffle furnace at 550 °C for 6 hours 

8. Weighing the sediment including crucible (LOI550) using the micro balance 

9. Heating the sediment into a muffle furnace at 950°C for 2 hours 

10. Weighing the sediment (LOI950) using the micro balance 

Afterwards, the weight loss of organic matter und carbonate was calculated by the following 

equations: 

LOI550 = ((DW105–DW550)/DW105)*100 (for organic matter content) 

And 

LOI950 = ((DW550–DW950)/DW105)*100 (for carbonate content) 
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Whereas 

LOIXXX = Loss on ignition at XXX °C  

DWXXX = dry weight at XXX °C 

A factor of 1.36 was applied to determine the carbonate content (CO3
2-

) assuming: 

M CO3
2--÷M CO2 =60 g∗mol

−1 

÷44 g∗mol
−1

=1.36 

CC = 1.36∗LOI 
950

 

M CO3
2-= molecular weight of CO3

2- 

M CO2 = molecular weight of CO2 

CC = Carbonate Content 

LOI950 = Loss on Ignition by 950°C in wt(%) 

1.2 210Pb-dating 

Dating of sediment accumulation in shallow marine environments is very important, but to 

find an appropriate method is a challenge in itself. In the early 70s of the last century the 

radionuclide Lead 210 (210Pb) became very useful to estimate the sediment accumulation at shelf 

environments (Nittrouer et al., 1979). The half-life of 210Pb amounts to 22.3 years (Appleby and 

Oldfield, 1978) and thus allows an appropriate dating for at least the past century. 

210Pb is a daughter-nuclide of the radioisotope Uran 238 (238U). Particularly, in nature it 

results from the radioactive decay of the radionuclide Radium (226Ra) in rocks and soils, which 

decays to the gas Radon, especially to the isotope Radon 222 (222Rn). If 222Rn emanate into the 

atmosphere it decays via four daughters, each with half-lives of milliseconds until 27 minutes, to 
210Pb. Hence, half-lives of the daughters are negligible in terms of geological time-scales. 
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Particular models are evolved to determine sediment accumulation rates in sediment. In the 

study environment dominates sediment mixing and hence, the following equation was chosen to 

estimate the SAR:  

SAR = λ × z × [ln{A0/A(z)}]-1 

Whereas: 

λ = 210Pb decay constant (0.03114 yr-1) 

z = core depth [cm] 

A0 = specific activity of the excess 210Pb at a particular reference horizon or the surface 

A(z) = specific activity of the excess 210Pb at depth z below the reference horizon 

(McKee et al., 1983) 

2 Optical Methods 

Concentrations of suspended particles and sizes of sediment grains can be measured with 

different optical methods. In addition, laser granulometry can subdivide suspended particles and 

sedimentary grains into different size classes. These methods will be explained in the following 

chapter. 

2.1 Grain size analysis via laser granulometry 

2.1.1 Sediment pretreatment 

Organic and calcareous material of marine sediments can influence enormously the grain 

size distribution via laser granulometry. Therefore, pretreatments to remove these component 

parts of the sample are inevitable. 

In dependence of the sedimentological composition, samples by a weight between 150 mg 

(very clayey) and 750 mg (very sandy) were given into a 50 ml centrifuge tube by adding 20 ml 

deionised water. First, samples were treated in a water bath with 10 ml of 10% solution of 

hydrochloric acid (HCL) by 60°C temperature. It occurs that huge components of calcareous 

skeletons of foraminifera and shell fragments cannot be removed completely with that treatment. 

After four hours, samples were rinsed and centrifuged to remove the residual  
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HCl-solution. Before each centrifuge procedure was applied, 500 µl of magnesium sulphate 

(Mg2SO4) were added to accelerate the particle settling. After the rinsing procedure, the 

centrifuge tube was filled up with 20 ml deionised water to keep the sediment wet. 

The removal of organic matter was achieved by adding 10 ml 35% solution of hydrogen 

oxygen (H2O2) to the sample. The sediment was treated for at least 24 hours and by a 

temperature of 60°C. Lignin fibres of plant fragments cannot be removed with that method. If 

this procedure is finished, the sample is prepared for laser granulometry by adding sodium 

pyrophosphate (Na4P2O7) that supports the dispersion of sediment grains. 

2.1.2 Laser granulometry 

A Malvern Mastersizer 2000 and a Beckman Coulter LS 13320 were applied for grain size 

analysis via laser granulometry. Based on laser diffraction, laser light scattered forward through 

a grain. In dependence on its size, the laser beam diffract in a particularly angle. The rule of 

thumb is as smaller the grain as higher the diffraction angle. 

The Malvern Mastersizer 2000 is working with two light sources, one red laser beam of 

632.8 nm wavelength and a blue LED of 470 nm wave length. Principles of Frauenhofer-

diffraction and Mie-theory (are applied to distinguish grain sizes of 50 classes in a range 

between 0.02 µm and 2000 µm. 

The Beckman Coulter LS 13 320 has also different light sources, one single laser beam of 

780 nm wavelength and multi-wavelength system PIDS (Polarisation Intensity Differential 

System) working wave length of 450 (blue), 600 (orange) and 900 (near-infrared, invisible) nm. 

Each sediment sample was measured twelve times for 60 second. Measurement results were 

post processed to remove outliers and subsequently averaged including 2σ-standard deviation. 

Afterwards, the grain size distribution was statistically analysed using the software script 

GRADISTAT (Blott and Pye, 2001). 

2.2 Laser In Situ Scattering and Transmissiometry (LISST) 

Analysis of suspended particle distribution in the water column was achieved using the Laser 

In Situ Scattering and Transmissiometry (LISST). The methodology is described by (Agrawal, 

and Pottsmith, 2000) and application examples are published by (Mikkelsen and Pejrup 2000, 

2001; Mikkelsen, 2002a, 2002b; Mikkelsen et al., 2005; Bowers et al., 2009). Mounted on a 

steal frame the LISST were lowered horizontal through water column with the speed of 
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approximately 0.25 m/s by record frequency of one second. Hence, the vertical data 

resolution in the water column amounts ca. 4 measurements per meter. 

The data postprocessing in Microsoft Excel removed all data with a transmission lower than 

0.3, which indicates potential multiple scattering of the laser beam due to higher amounts of 

particles. Supported by a FORTRAN-script of Thanh Cong Nguyen, data were converted for 

spatial visualisation into the Ocean Data View-format (Schlitzer 2011). 

2.3 Turbidity meter 

Suspended sediment concentration is estimated using a Seapoint turbidity meter. Thereby, 

light is emitted at a wavelength of 880 nm using a Light Emitting Diode (LED). Scattered light 

at an angle between 15 and 150 degree from particles in the water column are detected by a 

silicon photodiode (Seapoint Sensors, Inc, 2013). The sensor measures the scattered light in 

Formazin Turbidity Units (FTUs). Water samples have been taken to correlate FTUs with the 

suspended sediment concentration (SSC) due to the proportionality between the amount of 

scattered light and the turbidity or suspended particle concentration in water. 

During the cruises in 2007 and 2008 the turbidity meter was used in the river mouth and 

subaqueous regions of the Mekong River delta. Deployed at a frame in combination with a water 

sampler it was vertically lowered in the water column. Water samples were taken approximately 

one meter above the sea bed and filled into water bottles. In the sediment laboratory of the 

University of Kiel turbid water was filtered using glass fibre filters of 0.7 µm pore density 

(Whatman GF Cat No 1822-047) by a vacuum of 300 mbar. Filters were dried at 100 °C and 

weighted with a micro balance of 0.00001 g accuracy. The correlation of weight results SSC and 

FTUs can be seen at Fig. 2 (Chapter V). 
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3  Hydro-acoustic Methods 

The overview about stratigraphic information and local hydro-dynamic conditions can be 

achieved by using hydro-acoustic methods. Therefore, two different Boomer-systems and an 

Acoustic Doppler Current Profiler (ADCP) were applied in the subaqueous Mekong Delta. 

3.1 Boomer / C-Boom 

Boomer is a single channel hydro-acoustic system that resolves the sediment strata in high 

resolution. In principle, an electromechanical transducer produces a single broadband acoustic 

pressure pulse. Reflected sound energy from sediment layers can be received by hydrophones 

which transfer the signal to a digital recorder. 

Reflection of the sound energy occurs along the boundary of two certain sediment layers, 

which differ in acoustic impedance. Impedance is defined as density of the medium (sediment) 

multiplied with the sound velocity of the corresponding layer. 

Two different boomer systems were used during the cruise in 2007 and 2008. Mounted on a 

catamaran, the transducer was towed behind the ship with a distance of 25 m and parallel to the 

streamer that is composed of eight (2007) and one (2008) of hydrophones, respectively. 

In 2007, the EG&G Uniboom-system was applied, whereas the transducer produces a broad 

bandwidth frequency ranging between 0.3 and 11 kHz. Depending on the acoustic impedance of 

the sediment penetration depths reached 20 to 100 m. During the surveys the ship runs around 4 

knots with an acoustic pulse frequency of 4 Hz. NWC-Software was used for digital recording 

of the seismic traces and its postprocessing. Seismic interpretation was performed using 

Kingdom Suite Software. During the cruise in 2008 the low-voltage C-Boom-system was 

deployed working with a similar bandwidth but a dominant frequency of 1.76 kHz. 

3.2 Acoustic Doppler Current Profiler 

The Acoustic Doppler Current Profiler (ADCP) measures include the entire water column 

vertical and horizontal water velocities and their direction using the Doppler Effect. The 

Doppler effect results from a change of an observed sound pitch due to relative motion (Gordon, 

1996; Simpson, 2001). Increasing sound pitches indicate an approaching object while decreasing 

pitches indicate removing objects. The change of the sound pitch (frequency) describes the 

Doppler Shift that is directly proportional to the object velocity. The Doppler Shift represents 

the difference between two frequencies of a sound wave caused by an object that moves to or 

away from the sound source at a certain angle (Gordon, 1996; Simpson, 2001). Doppler Shift 
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works only at radial motion of the object relative to the sound source. Fields of applications 

are described by van Maren and Hoekstra (2004), Hoitink and Hoekstra (2005), Kostaschuk et 

al. (2005), Grossmann et al. (2007) and detailed methodological descriptions are presented by 

(Gordon, 1996; Simpson, 2001; Mueller and Wagner, 2006). 

During the cruises in 2007 and 2008 a broadband workhorse ADCP (RD-instruments) were 

used with a frequency of 1200 KHz. Data were recorded by Winriver software (RD-instruments) 

selecting profiling mode 1. One ensemble included 30 pings over a time of 0.2 seconds. The 

water column was divided into appropriate depth cells (bins). Data was exported for post-

processing as ASCII-file and 300 single ensembles (1 min resolution) were combined to average 

the water direction and velocity. During the postprocessing procedure a FORTRAN-script 

written by Thanh Cong Nguyen removes headers and transforms the data set into a special data 

format which can read in Ocean data view (Schlitzer, 2011) or Grapher (Golden Software). 

4 Physical Methods 

4.1 X-Radiography 

Fine sedimentation pattern imply hydro or sediment dynamic changes. To resolve this 

pattern x-radiography is applied. Therefore, plastic caps of 20 cm length, 6 cm width and 1 cm 

depth were pushed into the sediment of a splitted core section. The caps were retrieved and 

measured in the Radiology of the Medical Center “Prüner Gang” in Kiel, Germany. The digital 

x-radiograph-negatives could be directly used for the analysis of sediment stratigraphy. 
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Abstract: 

The Mekong River Delta is among the Asian mega-deltas and is influenced by various 

factors including tides (meso-tidal system), waves, coastal currents, monsoon-driven river 

discharge and human impact (agriculture, fishing, sand dredging, tourism). The present study 

aims to document the seafloor relief, sediment distribution and sediment accumulation rates to 

interpret modern sediment transport directions and main sedimentation processes in the 

subaqueous Mekong Delta. The major results of this investigation include the detection of two 

delta fronts 200 km apart, one at the mouth of the Bassac River (the biggest branch of the 

Mekong Delta) and the other around Cape Ca Mau (most south-western end of the Mekong 

Delta). Additionally, a large channel system runs in the subaqueous delta platform parallel to the 

shore and between the two fronts. The sediment accumulation rates vary greatly according to the 

location in the subaqueous delta and have reached up to 10 cm/yr for the last century. A cluster 

analysis of surface sediment samples revealed two different sediment types within the delta 

including a well-sorted sandy sediment and a poorly sorted, silty sediment. In addition, a third 

end member with medium to coarse sand characterized the distant parts of the delta at the 
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transition to the open shelf. The increase of organic matter and carbonate content to the bottom 

set area and other sedimentary features such as shell fragments, foraminifera and concretions of 

palaeo-soils that do not occur in delta sediments, supported grain size-based classification. 

Beginning in front of the Bassac River mouth, sedimentary pattern indicate clockwise sediment 

transport alongshore in the western direction to a broad topset area and the delta front around 

Cape Ca Mau. Our results clearly show the large lateral variability of the subaqueous Mekong 

Delta that is further complicated by strong monsoon-driven seasonality. River, tidal and wave 

forcing vary at local and seasonal scales with sedimentary response to localised short term 

depositional patterns that are often not preserved in long term geological records. 

1 Introduction  

The ongoing natural and human-driven global changes result in important variations in the 

sediment flux from land to ocean (Syvitski et al., 2005a), which are perceptible in the coastal 

zone and particularly in river deltas (Syvitski and Saito, 2007; Syvitski et al., 2009). The recent 

reduction of sediment input due to river damming and the resulting coastal erosion impacted the 

coastal zone (Milliman and Ren, 1995). Ranked among the 10 largest suppliers of sediments to 

the world’s oceans (Milliman and Meade, 1983), and with estimated sediment discharge of 160 

million tonnes per year (Milliman and Ren, 1995), the sediment discharge of Mekong River may 

diminish due to existing dams (Kummu et al., 2010; Wang et al., 2011). Large river systems 

complicate the comparison of the sediment flux estimates with the actual fluxes in the coastal 

zone because the final destination of the river sediments and the dominating sedimentary 

processes remain little understood.  

A recent attempt to combine data from various river systems explored the driving processes 

on the dispersal and accumulation of riverine sediments in the coastal zone and defined the 

following important criteria: sediment discharge, shelf width, and wave and tidal conditions 

(Walsh and Nittrouer, 2009). Many more factors may affect the delta, however, including 

processes acting in the river catchment, the coastal zone and the marine realm (Vörösmarty et 

al., 2003; Kummu and Varis, 2007; Syvitski and Saito, 2007, Kummu et al., 2010; Yang et al., 

2011). In many cases, lacks of good spatial and temporal data coverage limit these discussions. 

Similarly, in the Mekong River Delta, the sediment depocenter in a subaqueous part of the delta 

was only recently documented through several seismic profiles and 6 short sediment cores (Xue 

et al., 2010). 
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subaqueous Mekong Delta. Additionally, future interpretations of the Mekong River Delta 

evolution will benefit from this data set. 

2 Regional Setting 

The Mekong River originates on the Tibetan Plateau and crosses China, Myanmar, Laos, 

Thailand, Cambodia and Vietnam, where it flows into the South China Sea (Fig. 1). Its delta 

plain stretches over an area of 49,500 km² between Phnom Penh in the Cambodian lowlands and 

the southeast Vietnamese coast (Le et al., 2007). Figure 1 depicts the main distributaries, the 

Bassac (Hau River) and the Mekong (Tien River), which split into the 2 branches of the Bassac 

and 6 of the Mekong before entering the sea. Strong seasonal climatic variations in the Mekong 

Delta are related to the phase of the East Asian Monsoon (Hordoir et al., 2006; Mitsuguchi et al., 

2008; Xue et al., 2011). The north-eastern winter monsoon dominates from November to early 

March with high wind stress at the south-eastern exposed coast, and the south-western summer 

monsoon carries precipitation towards the Mekong Delta (ISPONRE, 2009; Mekong River 

Commission, 2005, 2009; Snidvongs and Teng, 2006). The annual average rainfall in southern 

Vietnam ranges between 1600 and 2000 mm. Wind speeds can reach 20-30 m/s under stormy 

conditions; however, mean annual wind velocities range between 1.5 and 3.5 m/s (Institute of 

Strategy and Policy on natural resources and environment (ISPONRE), 2009).  

The distribution of the principal surface current system in the Southern South China Sea has 

been attributed to the East Asian Monsoon (Wendong et al., 1998). The maximum wind stress 

prevails along the south-eastern coast of the Indochina Peninsula in both monsoon seasons. In 

the Mekong River basin, 85% (475 billion m³) of the water discharge occurs during the wet 

season (May to October), and 15% (78.8 billion m³) in the dry season (November to April) 

(Snidvongs and Teng, 2006; Le et al., 2007). The Mekong River Commission provides a 

representative documentation of the water discharge and level for the upper Mekong Delta 

region. Data availability of the water discharge or tidal amplitudes is however problematic for 

the river mouth area of all the branches. The only existing sediment load data of 160 million t/yr 

(Milliman and Meade, 1983) was derived before many dams were constructed. Contemporary 

estimates of the sedimentary retention of the existing dams along the Mekong River calculate 

35-45 million t/yr in sediment (Kummu et al., 2010). 

Hydrodynamics and resulting sediment-dynamics formed the asymmetric shape of the delta 

plain. The incoming tidal waves of the dominant M2- and K1-constituents extend from northeast 

to southwest via the Strait of Luzon (Fang et al., 1999; Zu et al., 2008). These waves push water
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masses into the coastal region and cause a meso-tidal regime in front of the Mekong Delta 

branches. The tidal range and regime vary along the southeast Vietnamese coast from a 

predominantly semi-diurnal tidal system with a mean range of 2.5-3.8 m in the east to a mixed-

tide system with decreasing amplitudes towards the southwest (Nguyen et al., 2000). Diurnal 

tides predominate in the Gulf of Thailand with ranges of 0.5 to 1.0 m. 

The sedimentary architecture of the delta plain is well investigated, especially in the region 

between the Mekong distributaries (Gagliano and McIntire, 1968; Nguyen et al., 2000; Proske et 

al., 2011; Ta et al., 2002b, 2005; Hanebuth et al., 2012; Tamura et al., 2009, 2012b). The study 

of the subaqueous part of the Mekong Delta is far less common. Annual net southwestward 

transport along a mesotidal beach and respective long-term shoreline changes were observed in 

the Tra Vinh province in the lower Mekong Delta plain by Tamura et al. (2010). There, 

interseasonal surveys were carried out in the intertidal area of the Mekong Delta coast. Wave 

heights of 1 m in maximum were observed for this region. 

Gagliano and McIntire (1968) provided first sedimentary and bathymetric results of the 

subaqueous Mekong Delta. Several coastal normal transects showed the subaqueous clinoform 

reaching more than 20 km offshore in front of the main distributaries and around Ca Mau 

Peninsula. Recently, seismic profiles of a higher resolution and several sediment cores revealed 

a Holocene subaqueous delta with up to 20 m thick sediments and a heterogeneous of topset-

foreset-bottomset architecture (Xue et al., 2010). In order to refer more intensively to wide 

spreaded shallow subaqueous regions this article add the term of the subaqueous delta platform 

as a morphological description of topset areas. Further, the term delta slope is used for the 

foreset region. 

3 Materials and Methods 

High-resolution seismic profiles have been recorded during two surveys (2007 and 2008) of 

the subaqueous Mekong Delta off Vietnam, from the Bassac River mouth to the Gulf of 

Thailand (Fig. 1). Using the cubic spline method, an approximated subaqueous delta shape was 

constructed by interpolating the seabed profiles, which were obtained from seismic surveys 

using the software The Kingdom Suite (Seismic Micro-Technology, U.K.). The two-way-travel-

time (TWT) was converted into water depth and assigned a sound velocity of 1500 m/s, and 

bathymetry data were analysed in ArcGIS. However, an error of up to 1.8 m may exist between 

various profiles as the shown water depths could not be corrected for tides. There is no 
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correlation to the base level or a Vietnamese tidal gauge station applied due to unknown water 

level variation in the subaqueous Mekong delta region, which is necessary for such a water level 

correction. 

The surface sediments (the upper 1 cm of the seabed) of 229 stations were analysed for grain 

size distribution. Before the analyses, the sediments were treated with 35% H2O2 and sieved 

using a 1 mm sieve. Then, samples were analysed using the Malvern Mastersizer 2000 based on 

laser diffraction. The obtained results are shown in volume percentages. The grain size statistics 

of the obtained results were calculated using GRADISTAT software (Blott and Pye, 2001), and 

the grain size data were also subjected to cluster analysis with the free statistical tool R. The 

Centroid method and the squared Euclidean distance were used to obtain the cluster centres. 

In selected surface sediment samples, the proportional masses of organic matter and 

carbonates were estimated using the loss on ignition method (Heiri et al., 2001; Santisteban et 

al., 2004). The content of organic matter results from the weight loss on ignition by 550 °C. The 

carbonate content (CC) was assessed from the difference in weight loss on ignition between 950 

°C and 550 °C, multiplied by a factor of 1.36. 

The sedimentary structures and relative changes in grain size were documented in the 

sediment cores using digital X-radiography images obtained from 0.6 cm thin slabs of the split 

core surfaces. The sediment accumulation rate (SAR) over the last few decades was assessed 

through the analysis of 210Pb and 137Cs. The 210Pb activities for Cores 5 and 7 were determined 

using alpha spectroscopy measurements of the granddaughter nuclide 210Po in the Marine 

Environment Laboratories of the International Atomic Energy Agency in Monaco. For these 

analyses, sediment samples were homogenised, spiked with a yield determinator and dissolved 

by acid digestion, and the 210Po isotope was autoplated on a silver planchet (Flynn, 1968). Cores 

6, 8 and 9 were measured using gamma spectroscopy, which allows the simultaneous 

measurement of 210Pb and 137Cs. Core 6 was measured with a high purity coaxial germanium 

detector (Canberra GX2520) with its remote detector chamber option (RDC-6 inches) set for 

low energy background reduction in the Institute of Geology at Adam Mickiewicz University in 

Poznań (Poland). Cores 8 and 9 were investigated at the Leibniz-Laboratory for Radiometric 

Dating and Isotope Research in Kiel (Germany). Samples for the gamma analyses were dried, 

homogenised and measured on average for approximately 150 hours each.  
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The SAR was assessed from the decrease of excess 210Pb activities with sediment depth, using 

the equation: 

SAR= λ × z × [ln {A0 / A(z)}]-1 (Robbins and Edgington, 1975; McKee et al., 1983) 

where λ (= 0.0311 yr–1) is the decay constant, z is the depth in the core (cm), A0 is the 

specific activity of the excess 210Pb at a particular reference horizon or the surface and A(z) is 

the specific activity of the excess 210Pb at depth z below the reference horizon. Excess 

(unsupported) 210Pb activities were determined by subtracting the average supported activity of a 

given core from the total activity. If possible, the supported activities were calculated from the 

nearly uniform 210Pb activity below the region of radioactive decay. In the case of Core 6, they 

were also confirmed by simultaneous measurements of 214Pb, 214Bi and 226Ra using gamma 

spectrometry. The supported 210Pb activity is 22.1±1.6 Bq/kg and correlates with the supported 
210Pb activity of 1.09-1.44 dpm/g (= 18.1–24 Bq/kg) in cores in the subaqueous Mekong delta 

region from Xue et al., (2010). 

The SAR assessment was performed using the first occurrence of 137Cs as a marker of the 

early 1950s, when it was first released on a large scale in the environment during atmospheric 

nuclear weapon tests (Robbins et al., 1978; Leslie and Hancock, 2008). 

4 Results   

4.1 Sea bed morphology  

The subaqueous Mekong Delta area consists of 5 subareas distinguished by clinoform 

morphology (Fig. 2). With an approximately 27 km wide funnel-shaped river mouth, the Bassac 

dominates Area 1. The delta base is reached 28 km offshore in the south-eastern direction, and 

tidal and subtidal flats and shallow topsets, up to a depth of 6 m underwater, characterise the 

proximal littoral (Profile A-A' in Fig. 2). Southwest of the mouth of the Bassac River, the 

subaqueous delta platform spreads at least 10 km offshore. Distant from the coast, a sigmoidal 

delta slope rises to the southeast and reaches the delta base at a depth of 24 m underwater (Fig. 

2). The slope lengths average 8 km by a mean slope angle αmean = 0.05° (αmax = 0.2°). 

The width of the subaqueous delta platform in Area 2 decreases to 3.5 km in the offshore 

direction (Profile B-B', Fig. 2). The average slope angles reach inclinations of αmean = 0.052° 

(αmax = 0.12°). The most recent delta slope ends at a depth of approximately 15 m (Fig. 2). 
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Its significant undulated shape indicates the beginning of a multiple channel system (Fig. 2). 

One smaller and two larger channels are spread out in an alignment parallel to the coast 

(unpublished data). The channel linkage is located in the subaqueous delta platform and the 

delta slope close to Area 3 (Fig. 2), and its extension is more than 120 km. 

The essential difference between the previous areas and Area 3 is the widespread 

subaqueous delta platform of 1100 km², including the channel system (Fig. 2). Channel 2 

changes westwards from 13.5 m to 3 m water depth, and a deeper offshore channel (Channel 3) 

is levelling off from 17 m to 6 m water depth to the west. The southern flank of Channel 3 forms 

the transition to the delta slope (Fig. 2). Slope angles are relatively steep (αmax = 0.48°), with an 

average slope length of 5.7 km (min/max length = 3.4/8 km). 

Around Cape Ca Mau (Area 4), a very shallow (less than 5 m) subaqueous delta platform is 

prograding 13.5 km offshore on average. The subaqueous Mekong Delta forms a further delta 

front here outside of the direct influence of distributaries (Fig. 2). It has an average slope 

gradient of αmean = 0.054° (αmax = 0.43°). 

Along the western and north-western coast (Area 5), the subaqueous delta platform regresses 

abruptly to the coast by an average width of 1.8 km, and the delta base is reached at a depth of 

15 m with an average slope width of 11.8 km (Fig. 2). 

4.2 Surface sediments 

4.2.1 Spatial sedimentary distribution and Grain size end members 

The surface sediments of the subaqueous Mekong Delta vary strongly in sorting and 

dominant grain size mode, but show a spatial pattern depending on the distance from the 

distributaries and their position in the delta clinoform. Near the Bassac River, fine sand prevails 

and silty sediment occurs in more distant regions (Figures 3C and 4). Fine sediment (silt and 

sandy silt) primarily covers Area 2, but there is a distinct occurrence of sand and silty sand along 

the recent delta slope close to Transect 2 (Fig. 3C and 4). Except for an occurrence of silty sand 

along Transect 3 (Fig. 3C and 4), the southern subaqueous delta area (Area 3) is dominated by 

sandy silt. Cape Ca Mau forms a junction between sandy silt and silty sediments. The northward 

continuing subaqueous delta exposed to the Gulf of Thailand consists of silt (Fig. 3C and 4). 

Cluster analysis was performed to generalise the sedimentary pattern and evaluate the grain 

size end members for different depositional subenvironments. The cluster analysis used the 
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grain size parameters as the primary mode (Mode 1) for the prevailing grain size class at certain 

locations and the difference between the ninth and first deciles (D90-D10) as a measure of 

sorting. Together, the two parameters represent a particular depositional environment. 

The cluster analysis defines three clusters as grain-size end members in the subaqueous 

Mekong Delta and the transitional shelf region (Fig. 3A and 3B). Cluster 1 represents most of 

the subaqueous delta sediment and exhibits poor sorting, and the primary mode has its cluster 

centre in medium silt (Fig. 3A). However, uni- or bimodal grain size distributions occur as well 

with different positions, where modes mainly in fine sand and silt prevail. 

The second cluster is also a part of the delta sediment, but its primary mode cluster centre is 

fine sand, exhibiting good sorting. The spatial distribution of Cluster 2 shows consistence with 

the special subaqueous delta regions (Fig. 3B). The tendencies of coarse to fine sediment from 

near to distant regions is typical for a river mouth area, due to sorting by diminishing water 

velocity (Transect 1 in Fig. 4). Alongshore tidal and wind induced currents cause the same 

succession in coast parallel direction (Fig. 5). The well-sorted sands of Cluster 2 dominate the 

subaqueous delta platform in front of the Bassac River mouth (Fig. 3B), where strong currents 

occur. The sandy spots of Cluster 2 punctuate the fine sediment close to Transect 2 (Fig. 3B and 

3C). Additionally, the sandy sediment of Cluster 2 distributes along the southern flanks of 

Channel 2 and 3 (Fig. 4). 

Very poor sorting by a primary mode of medium sand predominates in Cluster 3, 

representing its differences from Clusters 1 and 2 (Fig. 3A). The delta base marks the landward 

border of Cluster 3 because it extends between the delta base and the open shelf region (Fig. 

3B). This distribution was also observed in the sediment fraction > 1 mm, except in the region 

close to Gan Hao (Fig. 3C). It represents a significant proxy for sediment interaction between 

the subaqueous delta and shelf sediment. This coarse fraction consists of shell fragments, 

foraminifera and concretions, the latter of which are likely residuals of lateritic palaeosoils 

outcropped on the inner shelf. 

A more detailed resolution of grain size distributions along the coastal normal transects 

provides a miscellaneous pattern in a higher resolution. Supplementary data of percentages from 

organic matter (OMC) and carbonate content (CC) coincide mainly with that pattern. The 

subaqueous delta platform in front of the Bassac River mouth, shown by Transect 1 (Fig. 4), 

accommodates well sorted fine sands (mode ~2.85 Phi), low organic matter (< 1.74 wt (%)) and
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carbonate content (< 0.66 wt (%)). With increasing water depths, OMC increases rapidly to 

more than 6.58 wt (%), and CC rises only slightly (< 1.67 wt (%)). 

Transect 2 shows heterogeneous grain size features (Fig. 3C and 4), and is situated close to 

Gan Hao in Area 2. The shallow subaqueous delta platform consists predominately of very fine 

sand with low percentages of silt and clay. Fine silt prevails along the delta slope, where sand 

content decreases below 9.1 Vol (%), but sand predominates along the deeper delta slope, with 

sand content between 45-99 Vol (%). At the delta base, silt and clay content increase again, and 

the organic matter and carbonate concentration follow that trend, except near the delta base. A 

rapid increase of carbonate percentages (maximum = 6.97 wt (%)) indicates the transition to the 

open shelf, where shell fragments are common. 

The southern area is shown by Transect 3 (Fig. 3C and 4), which crosses both channels in 

that area. The silty regions of the subaqueous delta platform and channel troughs have high 

percentages of organic matter (> 7.11 wt (%)), but the southern channel flanks correlate with 

decreased OM-content (< 5.08 wt (%)). The sand fraction dominates there with up to 90 Vol 

(%). Along the delta slope, silt prevails with increasing OM-content (Fig. 4). The highest 

carbonate content occurs with up to 16.2 wt (%) at the delta base, where shell fragments in the 

sediment fraction > 1 mm mark the transition to the open shelf. 

Transect 4 extends along the delta front around Cape Ca Mau (Fig. 3), and silt and clay 

(content > 94 Vol (%)) dominate this area, including a high OM-content (Fig. 3C and 4). At the 

delta base, medium sand dominates, and the carbonate content increases up to 7.21 wt (%), due 

to the occurrence of the sediment fraction > 1 mm, where many concretions from palaeosoils, 

shell fragments and foraminifera occur. 

Represented by Transect 5, the subaqueous delta in the Gulf of Thailand shows a pattern 

similar to Transect 4, with high organic matter content and predominant silt percentages. 

However, it exhibits a lower gradient of the delta slope. Samples likely did not reach the 

transition of prodelta and shelf because no coarser sediment was found in the surface samples. 

The comparison of the last sample of transect 5 (Fig. 2) with the location of the delta base 

confirms that assumption. 

4.2.2 Sedimentary structures 

X-radiograph negatives of the upper 20 centimetres from selected cores, which were taken 

along the transition of the subaqueous delta platform and slope (topset to foreset), reveal a 
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exchange with shelf sediment, for instance during storm surges. Although the location of core 2 

is relatively close to the Bassac River mouth its X-radiographs negatives reveal features of 

bioturbation that indicates lower deposition. In contrast, even core 9, situated far away from 

areas of high sediment supply, consists of fine laminated silt and clay with little traces of 

bioturbation, which suggest relatively high accumulation rate. 

4.2.3 Sediment accumulation rates 

Estimations of sediment accumulation rates (SARs) based on measurements of 137Cs and 
210Pb activity (Fig. 6) use three approaches (Table 1). The first approach assumes that sediments 

containing 137Cs have to be deposited after the early 1950s when the first atmospheric nuclear 

weapon tests were done. The half-life of 210Pb is 22.3 years, and no excess 210Pb as a portion of 

the total 210Pb resulting from atmospheric fallout, is expected to be detected in deposits older 

than a century. The second approach therefore uses the presence of excess 210Pb as an indicator 

of sediments deposited within the last 100 years at maximum. The third approach is based on the 

constant initial concentration model presented in Chapter 3. All cores indicated very high SARs. 

The well preserved laminations revealed unsteady sedimentation, and the measured activities are 

often very low. The presented calculations must therefore be treated as minimum estimates of an 

order of magnitude. 

Core 5 is composed of laminated sandy mud (Fig. 6). The 210Pb activity profile reveals a 

steady decrease in the activities from a depth of 22 to 102 cm. Below, the 210Pb activities are 

almost stable, but they are not reach the supported 210Pb activities. The lower activity in the 

uppermost sample may be due to the dilution in the larger mass of temporary deposited 

sediments. Assuming supported 210Pb activities of about 22.1 (Bq/kg), the SAR estimations 

reveal a rate of slightly above 4.02.1 cm/yr. 

In Core 6, two sedimentary units are found (Fig. 6). The upper one comprises brown mud 

with high water content, below which there is a sharp unconformity at 200 cm core depth 

followed by an olive-grey and consolidated mud unit. In the lower unit, the 137Cs activity is 

below the detection limit, and no excess 210Pb activities were measured (the lower unit has 

higher supported 210Pb activities than the upper). These sediments are at least older than 60 

years. In the upper unit, the SAR is approximately 2.61.5 cm/yr, as calculated from the 

decrease in excess 210Pb activities between 20 and 120 cm core depth. The upper 20 cm reveal 

relatively stable activities, at slightly lower rates than below, and it likely results from the 
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subaqueous Mekong delta. This region is also a transition between two regions of a spacious 

subaqueous delta platform. 

Broad topsets with two channels and steep foresets prevail in Area 3 (Fig. 2). This part of the 

subaqueous Mekong delta is characterised by a high sediment accumulation rate as proved by 

common horizontal lamination of the sediments (Fig. 5) as well as estimated accumulation rate 

of >1 cm/yr (core 5, Table 1). The sediments are generally finer than in the Area 2. However, 

their distribution is partly governed by sand deposits on the ridges between the channels and on 

their flanks while mud occurs in the channel troughs (transect 3, Fig. 4). The genesis and 

formation processes of the channels are not clear. However, tidal ellipses and resulting tidal 

currents run shore parallel in that region (Zu et al., 2008). In combination with strong wind-

induced shore parallel currents during the winter monsoon season it can leads to higher shear 

stress near the seabed and increasing erosional condition. Seismic profiles provided by Xue et al. 

(2010) show erosional pattern in the channel region. 

Both areas serve, however, as sedimentary conveyors between Areas 1 and 4. The latter is 

dominated by the combination of high sediment delivery (SARs > 1.4-10 cm/yr (Table 1, Fig. 

6)) due to alongshore currents in that region and prevailing low hydrodynamic forces that 

provide sediment to this depocenter distant from a main river mouth like the Bassac. The 

presence of predominantly sandy silt and silt also gives the evidence of a low energetic 

environment supported by laminations with no bioturbation traces (core 7 and 8, Fig. 5). 

Similar sedimentation conditions were found for the most distal region (Area 5) indicated 

also by very high sediment accumulation rates (>10 cm/yr, Table 1) and finer deposits (about 

90% of silt and clay) with no bioturbation traces in X-radiograph negatives (core 9, Fig. 5). 

However, this region is far from another sediment source and no strong alongshore currents 

occur that can explain the high sediment accumulation rates. 

Borehole data in the lower delta plain indicate facies changes around 3000 cal yr BP (Ta et 

al., 2002a) due to a shift from “tide-dominated” to “wave and tide-dominated” influences. In 

contrast, the nine short cores along the transect of more than 400 km in the subaqueous Mekong 

Delta (Fig. 5) show recent lateral alongshore facies changes (Fig. 3C, 4 and 5) under the varying 

influence of tidal amplitudes, annual alongshore currents and wave impact (Nguyen et al., 2000, 

Tamura et al., 2010; Xue et al., 2012a). However, all facies changes occur in the Mekong River 

Delta. This example should call attention to the  
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difficulty to interpret sediment facies of a Mega-Delta with many local differences in 

hydrodynamic conditions at the same time. 

5.2 Controlling factors 

The monsoon climate controls the sedimentation pattern off the Mekong River mouth and 

affects the sediment and freshwater discharge and the directions of their distribution (Xue et al., 

2011). High precipitation during the summer monsoon season leads to flooding events and 

irregular water discharge. Moreover, the river outflow has water velocities up to 1 m/s
 

(Wolanski et al., 1996), increasing channel and riverbank erosion (Le et al., 2007). Sediment is 

transported into the sea and temporarily deposited on tidal flats in nearby river mouth areas. 

Under summer monsoon conditions, the suspended sediment is also transported in the north-

eastern direction due to south-easterly winds and the resulting surface currents. 

As proven by the previous studies, sand and relict sand areas cover the adjacent continental 

shelf that otherwise lacks sediment (Anikiev et al., 2004; Jagodziński, 2005; Schimanski and 

Stattegger, 2005; Kubicki, 2008). The cluster analysis reveals differences in the delta (Clusters 1 

and 2) and the shelf sediments (Cluster 3) concerning its spatial grain size distribution (Fig. 3A 

and 3B). Consisting of shell fragments, foraminifera and concretions from late Pleistocene soils, 

Cluster 3 reflects the presence of the sediment fraction > 1 mm that occurs on the shelf area, 

except along the foresets in the Gan Hao region (Fig. 3C). This fraction increases the carbonate 

content in surface samples close to the delta base and serves as a good proxy for the delta-shelf 

transition. Similar sedimentary features in bottomsets are described for the clinoform in the Gulf 

of Papua (Walsh et al., 2004) and the Atchafalaya Shelf (Neill and Allison, 2005). 

Composed mostly of silt and clay, the suspended sediment may be temporarily deposited on 

the inner shelf and delivered by a suspension plume (Wolanski et al., 1996). The East Asian 

winter monsoon may cause reworking by wind-induced currents and sediment transport towards 

the southwest. The mechanism of temporal deposition of the fine-grained sediments on the inner 

shelf during the high sediment discharge season and the subsequent redeposition to the final 

depocenter that is usually located farther offshore in the mid-shelf mud belts and clinoforms is 

commonly reported from various settings (McKee et al., 1983; Crockett and Nittrouer, 2004; 

Nittrouer et al., 2009; Szczuciński et al., 2009; Walsh and Nittrouer, 2009). However, in the 

shelf region offshore the Mekong Delta branches prevail sandy sediment (Anikiev et al., 2004; 

Kubicki, 2008). Cluster 3 with its dominant mode in medium sand occurs close to the delta base 

and correlates with the shelf sediment (Fig. 3A). Furthermore, shell fragments and residuals of
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lateritic palaeosoils distributed in junction to the shelf imply reworking of old sediment in that 

region and less sedimentation. It leads to the hypothesis that most of the Mekong sediment 

delivered into the subaqueous Delta is also finally deposited there. Xue et al. (2010) support this 

hypothesis with its estimation of the sediment capture from the subaerial and subaqueous 

Mekong Delta that is 8018% of the annual sediment discharge, at least over the last 3000 years. 

Hence, the sediment transport to the outer shelf is limited. Tidal regime changes are considered 

to be the major factor controlling the delta development. The tides alternate from semi-diurnal 

over mixed to diurnal tides between the eastern Mekong River branches and the south-western 

Cape Ca Mau and adjacent Gulf of Thailand (Wolanski et al., 1996; Nguyen et al., 2000, Le et 

al., 2007). Moreover, the tidal range decreases from northeast to southwest. Small cotidal 

amplitudes of predominant tidal constituent were provided in the Gulf of Thailand and around 

Cape Ca Mau, yielding a decrease in the number of floods and ebbs per day and in the tidal 

current velocities (Fang et al., 1999, Zu et al., 2008). Such conditions privilege fine sediment 

deposition and are favourable for delta aggradation and progradation. In addition, the 

development of very shallow subaquatic delta topsets reduces wave impact over the shallow 

water area and the coast around Cape Ca Mau. In combination with the high sediment 

accumulation rates of 1.4 up to 10 cm/yr (Table 1) these factors support a fast accretion of the 

south-western Mekong Delta into the Gulf of Thailand. 

5.3 The subaqueous Mekong Delta in classification schemes 

Attempting to classify the character of the subaqueous Mekong Delta reveals its complexity. 

For instance, Walsh and Nittrouer (2009) suggested a hierarchical decision tree to predict the 

marine dispersal system at a river mouth using basic oceanographic and morphological 

characteristics, classifying the Mekong dispersal system as a "subaqueous delta clinoform," as in 

the case of the Amazon or Fly River. Accounting for the depocenter around Cape Ca Mau 

allows its classification as a "marine dispersal dominated" regime due to the distance to the next 

main distributary (more than 200 km) and low tidal range (Table 2). 

Classifying the Mekong Delta using typical triangle classification scheme after Galloway 

(1975) with wave, tide and river dominated end members is even more difficult. Lobe switching 

relocate the main depocenter like in the case of the Yellow River (Wright et al., 1990, Saito et 

al., 2001). This may lead to different hydrodynamic condition and changes in the sediment 

delivery into the coastal ocean can occur. According to the predominant hydrodynamic factor, 

the deltaic lobe will deposit as river-, tide- or wave-dominated. For example, in the Danube delta 

the most northern Chilia branch with the highest discharge deposit recently as a river-dominated
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lobe whereas the southerly Sf. Gheorghe arm build a wave-dominated lobe due to its stronger 

wave-exposed region (Bhattacharya and Giosan, 2003). 

Similarities without consideration for temporal but spatial variation occur in the Mekong 

River delta between wave- and tide-dominated regions and between regions of different tidal 

amplitudes (Table 2). In consideration of seasonal variation (monsoon seasons) of prevailing 

hydrodynamic factors along a coastline of more than 400 km, the triangle classification scheme 

cannot be applied for the whole Mega-Delta like the Mekong River delta, but for spatial limited 

region. 

6 Conclusion 

The data presented in this paper shows that the subaqueous parts of a large delta are quite 

complex, especially regarding variations in morphological and sedimentary characteristics (Fig. 

2 and 5, Table 2) and can be classified in different scales. Five regions, differed by their shape 

and sediments, of the studied subaqueous Mekong delta vary greatly in its sediment 

accumulation rates between 1 and >10 cm/yr (Table 1). The sedimentary patterns also changes 

within one area depended on their hydro- and morphodynamical regime (Fig. 3C, 4 and 5).  

Nittrouer et al. (1984) described differences of the fine scale stratigraphy for the Changjiang 

(Yangtze) and the Huang He (Yellow) dispersal system based on the ratio of the mixing rate to 

accumulation rate due to the distance to the next major river mouth. As a result, the proximal 

deposits of the Yangtze River are physical stratified muds by a high accumulation rate while the 

distal deposits of the Huang He consist of homogenous mud due to the higher mixing rate and 

lower accumulation rate. In the Mekong River dispersal system occur physical stratified deposits 

proximal to the major river mouth of the Bassac (Fig. 5). However, in the distal region (nearly 

200 km apart) around Ca Mau cape there are also physical stratified layers (Fig. 5) showing very 

high accumulation rates of at least 2.6 cm/yr (Table 1) and the area progrades with 24 m/yr (Xue 

et al., 2010) into the Gulf of Thailand. In between, there occur strong bioturbated sediments 

(core 2 in Fig. 5) as well as moderate sorted sandy deposits (Fig. 3C, 4 and core 3 in Fig. 5). It 

implies that in this transition region the ratio of mixing rate to accumulation rate must be 

changed. The most southerly region (Area 3) belongs to this transition region and has a wide 

spreaded subaqueous clinoform, physical stratified layers along the delta slope and high 

accumulation rates of 4 cm/yr (Table 1). However, there is also a shore parallel channel system 

of more than 120 km (Fig. 2). The channel troughs show erosional signatures (Xue et al., 2010) 

and represent silty sediments while the channel flanks consisting of well sorted fine sand
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(transect 3, Fig. 4). We hypothesize, the difference of both is that the region in front of the 

Bassac River obtains its sediments directly from the major Mekong branches while the Ca Mau 

cape region receive either reworked deposits from the easterly lying subaqueous Mekong delta 

or also from the fluvial system as suspended sediment. Tamura et al. (2010) described mud and 

fine sand seasonal deposits in the tidal flats close to one of the major river mouth, which are 

reworked during the winter monsoon season due to wave impact and may transported to the 

southwest of Cape Ca Mau. 

The cluster analysis of surface samples indicates two end members for the subaqueous delta 

and one for the delta shelf transition (Fig. 3A). In addition, the sediment class bigger than 1 mm 

including shell fragments and residuals of lateritic soils occurs only on the shelf and in a special 

region of area 2 (Fig. 3C). Vietnamese shelf sediments in front of the major rivers consist 

mainly of sand (Anikiev et al., 2004; Kubicki, 2008). It indicates a limited sedimentary 

exchange between the subaqueous delta and the shelf, and that most of the river delivered 

sediment is trapped in the subaerial and subaqueous Mekong delta. 

The trial to classify a Mega–delta in the ternary river-wave-tide forcing system (after 

Galloway, 1975) occurs with difficulties due to the spatial changes of the hydrodynamic factors 

along a coast of more than 400 km. Each of our separated areas (Fig. 2) is influenced by 

different major hydrodynamic factors dependent on the season. 

Human impacts accelerate coastal erosion together with relative sea level rise and delta 

subsidence, neither of which is reported in recent studies of the subaqueous Mekong Delta. 

Future investigations will therefore benefit from our results. 
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Abstract 

Land-ocean interactions in the coastal zone are severely influenced by tidal processes. In 

regions of high sediment discharge like the Mekong River Delta in southern Vietnam, these 

processes are even more significant. Three cruises in 2006, 2007 and 2008 were carried out to 

investigate the sediment suspension and their spatial distribution. Additionally, we investigated 

the influence of the tidal currents in relation to the suspended sediment. Therefore, all cruises 

took place during the inter-monsoon season between March and May where wave and wind 

influences are not dominant in contrast to the summer monsoon (May to early October) and 

winter monsoon season (November to early March). 

Suspended sediment concentrations (SSCs) in the particle-size range between 2.5 and 500 

µm were measured with an LISST-instrument (Laser In Situ Scattering and Transmissiometry). 

Current velocities and directions were recorded with an Acoustic Doppler Current Profiler 

(ADCP). Additionally, data of different tidal gauge stations in the Mekong River Delta were 

correlated and compared to the mixed semidiurnal-diurnal tidal cycle.  
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Our results show significant areas of SSCs greater than 25 µl/l in the Mekong River 

branches and its subaqueous delta during the inter-monsoon season. 20 % of all measured SSCs 

in the subaqueous Mekong Delta exceed 100 µl/l. Highest concentrations occur close to the 

seabed. SSCs decrease at the transition to the open shelf. The shelf region contains only low 

suspension loads, especially on the south-eastern shelf (99 % of all samples < 25 µl/l). However, 

in the southern shelf region around Ca Mau Cape the suspension load is also higher (> 25 µl/l) 

close to the seabed in water depths of 20 to 25 m. 

Two surveys lasting 25 hours each were performed on mooring stations in 12 m (Mooring 1) 

and 26 m (Mooring 2) water depth and located 3.2 km apart on the subaqueous delta slope. 

Similar patterns of SSC over time show that concentrations of suspension load correlate with 

the tidal current velocities. High tidal current velocities of up to 0.6 m/s near the sea bottom 

generate increasing SSCs of more than 25µl/l in the water column. Additionally a significant 

trend of decreasing SSC from the near-seabed to the upper part of the water column can be 

observed. In terms of sediment transport the ebb phase dominates the tidal cycle by its higher 

tidal current velocities but the flood phase has the longer duration. The switch of the tidal 

current direction from ebb to flood phase occurs rapidly against which the change from flood to 

ebb phase requires up to 3 hours. This leads to an asymmetry of the tidal ellipses and may cause 

a net-sediment transport from the shelf into the subaqueous Mekong delta.  

In the subaqueous Mekong Delta and adjacent shelf, seven transects show similar patterns of 

SSCs dependent to the tidal phase. A hypopycnal sediment plume from the subaqueous Mekong 

Delta into the shelf region was not observed. Our results imply that resuspension by tidal 

currents dominates the sediment transport in the subaqueous Mekong Delta and adjacent shelf 

regions during the inter-monsoon season. 
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Our cruises were carried out during the inter-monsoon season from March to May, where the 

monsoonal forces are low with less wind and wave activity. This situation gives an 

advantageous precondition to investigate possible influencing factors without monsoonal impact 

like tides. Tidal ranges of more than 3 m in the Mekong Delta region of the South China Sea 

affect the sediment transport and deposition due to its currents inside and outside the Mekong 

distributaries. Tidal induced sediment distributions can be observed also in other Asian Deltas 

like the Yellow and Yangtze River delta (Wright et al., 1990; Zhen Xia et al., 1998; Shi, 2010).  

This article shows the spatial suspended sediment distribution during the inter-monsoon 

season in the subaqueous Mekong delta and its adjacent shelf. In addition, our investigations 

improve the understanding of tidal influences concerning sediment transport and deposition in 

the subaqueous delta region. 

2 Study Area 

The headwaters of the Mekong River are situated in the Tibetan Plateau. The river crosses 

six countries until it flows via 8 distributaries into the southern South China Sea. The delta plain 

covers an area of 49 500 km² between Phnom Penh in the Cambodian lowlands and the 

southeast Vietnamese coast (Le et al., 2007). 

The complex character of the tidal regime is dominated by the M2- and K1-tidal-constituents 

which extend from northeast to southwest in the South China Sea (Fang et al., 1999; Zu et al., 

2008). A pronounced meso-tidal regime prevails in the South China Sea, while in the Gulf of 

Thailand a micro-tidal system occurs. In the South China Sea it leads to tidal ranges of 2.5-3.8 m 

in a semi-diurnal to mixed-tidal system (Nguyen et al., 2000). However, the Gulf of Thailand 

has diurnal tides with tidal ranges between 0.5 and 1.0 m. Tidal ellipses of the dominant tidal 

constituents with its according currents extend in the subaqueous Mekong delta mainly in a 

shore-parallel direction (Hung and Dien, 2006, Zu et al., 2008).  

The East Asian Monsoon causes strong seasonal climatic variations in the Mekong Delta 

(Hordoir et al., 2006; Mitsuguchi et al., 2008; Xue et al., 2011). In the winter monsoon season 

from November to early March winds are coming mainly from north-eastern direction and 

during the summer monsoon south-western winds prevail (Fig. 1). Annual wind speed recorded 

from 1999 to 2008 (Fig. 1) by the Southern Regional Hydro-Meteorological Centre (SRHMC,
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 Vietnam) ranges at Vung Tau station from 7 to 9 m/s and in Bac Lieu from 6 to 8 m/s (1st 

and 3rd quartile). Under stormy condition wind speeds can reach 20-30 m/s (Institute of Strategy 

and Policy on natural resources and environment (ISPONRE) 2009). The maximum wind stress 

prevails along the south-eastern coast of Vietnam in both monsoon seasons. 

The wave climate differs significantly between the annual seasons and the Mekong delta 

subareas. In the river mouth region significant wave heights of more than 1 m can occur at the 

coastline in the whole year (Tamura et al., 2010). In Vin Tan (close to Bac Lieu), southwest of 

the Bassac distributary (Fig. 1) significant wave heights of 0.2-0.25 m (measured during 3.-

5.10.2012) and up to 0.55 m (measured during 21.-28.01.2011) m respectively were measured 

300 m far from the shoreline (Albers et al., 2011). 

During the inter-monsoon season significant wave heights of 0.6 m are measured at the 

southern Mekong delta shoreline near the Bo De estuary (Nguyen, 2012; unpublished PhD-

thesis). 

The water discharge of the Mekong River varies significantly with the particularly monsoon 

season. Between May and October (wet season) occur 85% (475 billion m³) of the annual water 

discharge while only 15% (78.8 billion m³) are discharged in the dry season (November to 

April) (Snidvongs and Teng, 2006; Le et al., 2007). 

The water current system is also attributed to the East Asian Monsoon (Wendong et al., 

1998). During the winter-monsoon season the western coastal currents has a south-western and 

during the summer monsoon season a north-eastern direction. 

Sediments of the subaqueous Mekong Delta consist of well sorted fine sand in the Bassac 

River mouth area and show a trend to fine silt along the distal delta slope(Unverricht et al., 

2013). At the transition between the Bassac and Ca Mau Cape area the sediments start to 

become finer along a south-westward gradient. However, at distinct spots well sorted fine sand 

occurs along the delta slope (e.g., near Gan Hao) and also in the southern region at the southern 

flanks of two subaqueous erosional channels (Fig. 6 Section C and D)(Unverricht et al., 2013). 

Around Ca Mau Cape and in the Gulf of Thailand well sorted fine silt dominates the subaqueous 

Mekong delta. 
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3 Material and Methods  

Data on the suspended sediment concentration (SSC) in the water column were collected on 

three cruises during the inter-monsoon season (March to May) in 2006, 2007 and 2008, along 

four different sub-areas:  south-eastern and southern Vietnamese shelf, subaqueous Mekong 

delta and Mekong river branches (Fig. 1). Investigations on the shelf were mainly carried out in 

2006 (13.04.2006 to 09.05.2006) while the waters of the subaqueous delta and the river branches 

were sampled during the campaigns in 2007 (08.03.2007 to 02.04.2007) and 2008 (22.03.2008 

to 24.04.2008). All together SSCs were measured in 747 vertical profiles to document spatial 

and temporal (mooring stations) variations (Fig. 1). 

The SSC was measured with a Laser In Situ Scattering and Transmissiometry (LISST, 

Sequoia Scientific, Inc.). The LISST 100X type C, operating with the laser diffraction technique, 

detects the volume particle concentration (VPC, in µl/l) of 32 size classes between 2.5 and 500 

µm. Agrawal and Pottsmith (2000) introduce the principal of operation of the LISST instrument 

together with some examples of application. 

Mikkelsen and Pejrup (2001) suggest the LISST as a suitable tool for investigating the 

spatial suspended sediment distribution and give first results of field data. In further studies the 

authors also point out some limitations of application (Mikkelsen and Pejrup, 2000, 2001; 

Mikkelsen, 2002a, 2002b; Mikkelsen et al., 2005). 

The suspended load is measured by the LISST instrument as volume particle concentration 

(VPC). In this article the term volume particle concentration (VPC) is equate with the term of 

suspended sediment concentration (SSC). 

The LISST was mounted at a winch wire and lowered slowly through the water column 

down to the seabed with a mean winch speed of 0.25 m/s. With a sampling interval of 2 seconds 

two measurements per meter water depth were achieved. 

A better vertical subdivision of SSCs over the entire water column can be reached by using a 

depth ratio (Dratio) of the “Sample Depth” and the “Bottom Depth” of a LISST- depth profile. 

If the value is smaller than 0.5 the samples originate from the upper water column and vice 

versa.  

Depth Bottom

Depth Sample
 Dratio 
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The LISST-data are presented as isosurface maps (Fig. 2) and profile sections (Fig. 6), which 

were prepared with the Ocean Data View software (Schlitzer, 2011), using the DIVA-gridding-

algorithm. Additionally, data of different tidal gauge stations in the Mekong River Delta (Fig. 1) 

were used to compare the results from the LISST-measurements with the tidal induced 

hydrodynamics. The zero water-level is referred to the Vietnamese national tidal datum in Hon 

Dau, northern Vietnam. It is the national reference datum not correlated to the mean sea level of 

the data base provided by the Permanent Service for Mean Sea level (PSMSL). 

Two surveys lasting 25 hours each were performed on mooring stations in 12 m (mooring 1) 

and 26 m (mooring 2) water depth and located 3.2 km apart on the subaqueous delta slope (Fig. 

1). During the moorings, LISST-profile was measured every hour and water velocity and 

direction were recorded continuously by an Acoustic Doppler Current Profiler (RDI Broadband 

ADCP at 1200 kHz). The ADCP measures the current velocity (in m/s) and direction (in °Mag) 

in the entire water column, except the upper 1.5 m due to the physical length of the ADCP and 

the blanking range and the near bottom layer (1 m above the sea bed). 



Fig

Suspended se

4 Res

4.1 Spa

 . 2 Spatial distr

ediment dynami

sults 

atial Distribu

ibution of suspe

ics during the in

ution of the 

 ended sediment

C
nter-monsoon se

Suspended 

t concentrations

Chapter IV 
eason in the sub
Vietnam 

60 

Sediment 

s ranging from th

baqueous Mekon

he sea surface t

ng Delta and ad

to 25 m water d

djacent shelf, So

depth (5m interv

outhern 

vals).



Susppended sedimennt dynamics durring the inter-m
Chapte

monsoon season 
Vietna

6

App

suba

(Fig

decr

suba

the 

betw

with

Hig

and 

bed 

show

susp

clos

Bas

band

coas

µl/l 

regi

dept

conc

Pen

and 

257

and 

Fig.
wate
desc

er IV 
in the subaqueo
am 

61 

parently, th

aqueous Me

gs. 2) inc

reasing SSC

aqueous Me

subaqueou

ween 11 µl/

h a median

her SSCs o

65 % of th

(Fig. 2). 

The isosurf

ws concent

pended sedi

se to the co

sac river br

d of increas

stline. In co

are observ

ion around C

The isosurf

th (Fig. 

centration 

ninsula both

the adjace

 µl/l in the

subaqueous

. 3 Distribution 
er depth for ea
criptive statistic

ous Mekong De

he higher S

ekong Delta

cluding a 

Cs from the

ekong delta

us Mekong 

/l and 61 µl

n of the SS

of more than

hem are less

face map (F

trations gre

iment aroun

ast (Fig. 2)

anches and 

sed SSCs ex

ontrast, incr

ved in the w

Ca Mau Cap

face maps 

2) show 

higher 25 

h in the sub

ent shelf. Th

e transitiona

s Mekong d

of suspended s
ach of the fou

cs  and number o

elta and adjacent

SSCs prevai

a and its ri

clear ten

e river bran

a (Fig. 3). In

Delta the

l/l (1st and 

SC at 23 µ

n 100 µl/l a

s than 5 m a

Fig. 2) at th

eater than 

nd the river 

. In the tran

Cape Ca M

xtend in pro

reased SSCs

whole suba

pe (Fig. 2). 

at 20 and 

suspende

µl/l aroun

baqueous M

he SSCs in

al regions b

delta area (F

sediment concen
ur sub-areas in 
of LISST measu

t shelf, Southern

il within th

iver branche

ndency wi

nches into th

n the area o

e SSCs var

3rd quartil

µl/l (Fig. 3

amount 20 %

above the se

he sea surfac

100 µl/l o

branches an

nsition of th

Mau just a th

oximity to th

s greater 10

aqueous del

25 m wat

ed sedime

nd Ca Ma

Mekong del

ncrease up t

between she

Fig. 2).

ntrations over
Fig. 1. with

urements (N).

n 

he 

es 

th 

he 

of 

ry 

e) 

3). 

% 

ea 

ce 

of 

nd 

he 

in 

he 

00 

lta 

er 

nt 

au 

lta 

to 

elf 



Suspended se

The so

comparison

eastern and

gradient in

regions 86 

south-easte

% of all me

(Fig. 3). 6

closer than 

4.2  Hy

The LI

SSCs in th

have highe

Mooring 1 

time. Their

suspension

Figures

and flow d

current velo

high tidal v

current dire

flood curre

the sea bed

the current

shows simi

is approxim

delta base, 

Table 1 Descr
water column 
water column 

ediment dynami

outh-eastern

n to the riv

d southern sh

n SSC with 

% of the S

ern shelf sho

easured SSC

7 % of the

10 km to th

ydro- and se

SST-measu

he water col

er median v

(Table 1). O

r increase i

n loads rise u

s 4 b-e pres

directions o

ocities at th

velocity of u

ections are 

ent direction

d needs appr

t direction f

ilar pattern 

mately 1 hou

the tidal cu

riptive statistics
is subdivided i
and vice versa.

ics during the in

n and south

vers and the

helf only 4 

the increas

SSCs higher

ows the low

Cs are lowe

e stations sh

he subaqueo

diment dyn

urements at 

lumn and ov

values (Tabl

Obviously th

s coupled w

up into the u

sent the hyd

over depth a

he bottom w

up to 0.5 m

 not in phas

n (western d

roximately 3

from ebb to

to mooring 

ur near the b

rrents run n

s of the suspend
into two domain
 

C
nter-monsoon se

hern Vietna

e subaqueou

% of all sam

sing water d

r 25 µl/l oc

west particle 

er than 25 µ

howing high

ous Mekong

amics durin

the two mo

ver time. A

le 1). Howe

he SSCs are

with tidal c

upper water 

drodynamic

and time. T

ith more tha

m/s are reach

se (Fig. 4b,

direction) to

3 hours (Fig

o flood pha

1, but the t

bottom. In c

nearly coasta

ded sediment co
ns after the Dra

Chapter IV 
eason in the sub
Vietnam 

62 

amese shelv

us Mekong 

mples excee

depth until 

ccur mostly 

concentrati

µl/l followed

her SSCs in

g delta. 

ng tidal cycl

ooring statio

At both statio

ever, Moor

e not uniform

urrent veloc

column (Fi

c situation i

The ebb ph

an 0.6 m/s (

hed (Fig. 4

, 4c). Appa

o the ebb c

g. 4c) from 1

ase (11 am)

time interva

comparison 

al parallel.

oncentration is 
atio (see methods

baqueous Mekon

ves show s

Delta (Figs

ed 25 µl/l of 

30 m can b

in water d

ions of all in

d by the sou

n the south

es 

ons reveal s

ons the low

ing 2 has a

mly distribu

city, e.g. be

ig. 4a, 4b, 4d

including w

hase at moo

(Fig. 4 d, 4e

d, 4e). Wat

arently at m

current direc

10 pm to 1 a

) changes r

al of the cha

to the align

shown for both
s). Dratio- values

ng Delta and ad

significantly

s. 2 and 3).

f SSC (Fig. 3

be seen (Fig

depth greate

nvestigated 

uthern shelf 

hern shelf a

similar distr

wer water la

a 1.7 times 

uted in the w

etween 5 am

d). 

water level, 

oring 2 has 

). Neverthe

ter-level var

mooring 1 th

ction (easter

am. In contr

rapidly (Fig

ange from fl

nment of the

h mooring statio
s smaller than 0

djacent shelf, So

y lower SS

 From the 

3). In both a

g. 3). In the

r than 10 m

regions. He

with nearly

are predomi

ribution patt

ayers (Dratio 

higher SSC

water colum

m and 10 a

current velo

the highes

less, at moo

riations and

he transition

rn direction

rast, at Moo

g. 4d). Moo

flood to ebb 

e coastline a

 

ons over 25 hou
0.5 belong to th

outhern 

SCs in 

south-

areas a 

e shelf 

m. The 

ere, 99 

y 91 % 

inantly 

tern of 

≥ 0.5) 

C than 

mn over 

am the 

ocities 

st tidal 

oring 1 

d tidal-

n from 

n) near 

oring 1 

oring 2 

phase 

and the 

urs. The
he upper



Susp

 

 

N

are 

velo

Fig. 4
and ti

pended sedimen

Near-bottom

slightly shif

ocity. 

4 Two mooring 
ime (a), water le

nt dynamics dur

m current ve

fted in time

stations along t
evel variations (

ring the inter-m

elocities and

e. However

the delta slope p
(b), and tidal cu

Chapte
monsoon season 

Vietna

6

d near-bed S

, on averag

 

present the distr
urrent data: direc

er IV 
in the subaqueo
am 

63 

SSCs show 

ge the SSCs

ribution of susp
ction (c, e) and 

ous Mekong De

similar patte

s are in pha

pended sedimen
velocity (d). 

elta and adjacent

ern (Fig. 5)

ase with the

nt concentration

t shelf, Southern

. Their trend

 tidal curre

n over water dep

n 

ds 

nt 

pth



Suspended se

 

4.3 Tra

In addit

load are pr

similar patt

to the coas

B). In gene

particle con

and close to

Section

sediment h

and close t

channels h

SSCs highe

 

Fig. 5 Bottom 

ediment dynami

ansects of SS

tion to the i

resented alo

tern in the d

st high susp

eral it can b

ncentrations

o the surfac

n C (Fig. 6) 

higher than 2

to the sea b

ave also inc

er than 25 µ

tidal currents an

ics during the in

SC within th

isosurface m

ong intra-da

distribution 

ended load 

be observed

s in the wat

e, where SS

differs from

25 µl/l occu

bed along th

creased SSC

µl/l over the 

 

nd average susp

C
nter-monsoon se

he subaqueo

maps (Fig. 2

ay transects

of SSCs in 

is shown o

d that with 

er column d

SCs higher t

m the previo

ur close to th

he delta slo

Cs. Section

entire wate

pended sedimen

Chapter IV 
eason in the sub
Vietnam 

64 

ous Mekong

2), more deta

s (Fig. 6). S

the water c

over the who

increasing 

drop below 

than 25 µl/l 

ous transect

he coast, ne

ope (Fig. 6

n D (Fig. 6)

r column. A

nt concentration

baqueous Mekon

g Delta 

ailed vertica

Section A a

column and 

ole water co

distance to 

25 µl/l. Exc

occur. 

ts in SSCs. 

ear the sea s

Section C)

) shows in s

Along the de

n (SSC) near the

ng Delta and ad

al distributio

and B (Fig.

across the d

olumn (Fig.

the coastli

ceptions are

Concentrati

surface betw

. The south

shallow wat

elta slope SS

e sea bed (Dratio 

djacent shelf, So

ons of suspe

. 6) show m

delta slope. 

. 6 Section 

ine the susp

e near the se

ions of susp

ween the ch

hern flanks 

ters (up to 

SCs higher t

≥ 0.8) over time

outhern 

ension 

mainly 

Close 

A and 

pended 

ea bed 

pended 

hannels 

of the 

10 m) 

than 

e. 



Susp

 

 

 

Fig. 6
Meko

pended sedimen

6 Coastal norma
ong Delta. Resp

nt dynamics dur

al transects of th
pective sampling

ring the inter-m

 

he inter-monsoo
g times are mark

Chapte
monsoon season 

Vietna

6

on season in 200
ked in the insert

er IV 
in the subaqueo
am 

65 

08 show the ver
ted water-level 

ous Mekong De

rtical distributio
curves. 

elta and adjacent

on of SSC withi

t shelf, Southern

in the subaqueo

n 

ous



Chapter IV 
Suspended sediment dynamics during the inter-monsoon season in the subaqueous Mekong Delta and adjacent shelf, Southern 

Vietnam 

66 

25 µl/l can be observed until 10 m above the sea bed. Increased SSCs greater 25 µl/l also occur 

near the sea bed in the transition from the delta slope to the shelf. 

Similar pattern of SSCs, but less developed can be seen in Section E (Fig. 6). Especially, in 

the very shallow water (lower than 3 m) of the subaqueous delta platform SSCs higher than 25 

µl/l occur close to the sea bed. The upper water column (Dratio ≤ 0.5) has an average suspended 

sediment concentration of 13 µl/l. 

Section F (Fig. 6) shows complete water body with SSCs lower 25 µl/l, except at the nearest 

station to the shore. However the suspended sediment concentrations exceed not 50 µl/l. 

Section G (Fig. 6) has at near shore station SSCs until 75 µl/l and a decreasing trend to 

coastal distal stations. There is also apparent that the SSCs close to the sea bed are higher 

opposite to the sea surface SSCs. 

5 Discussion and Conclusion 

5.1 Distribution of Suspended Sediment 

During the inter-monsoon period the suspended sediment is mainly distributed in the river 

branches and the adjacent subaqueous Mekong delta (Figs. 2 and 3). There, increasing SSCs 

near the seabed and in proximity to the coast are common. However, also on the adjacent shelf 

near Ca Mau Cape elevated SSCs occur close to the sea bed (Fig. 2 and Fig. 6 section D and E).  

In the subaqueous delta region 50 % of all measured SSCs are greater than 23 µl/l, and the 

median of the SSC in the Mekong branches is nearly 76 µl/l (Fig. 3). The offshore region is 

beyond the delta base significantly depleted in suspended sediments higher than 25 µl/l. 

Additionally, a decreasing trend of SSCs from the Mekong River branches towards the shelf can 

be seen. We conclude that the suspended sediment delivery from the subaqueous Mekong delta 

on the adjacent shelf is very low during the inter-monsoon season. 

5.2 Tidal influence on suspended sediment 

Wave and tides commonly affect suspended sediment distribution. For instance, wave 

generated resuspension of sediments occurs widely in the subaqueous Changjiang River delta 

(Yangtze River), particularly in shallow water down to the boundary of wave influence (Wang, 

et al. 2005). 
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Shore-parallel tidal currents at the coast of Northern France transport sediment alongshore in 

dependence of their direction (Héquette et al., 2008). In addition wind blowing in the same 

direction can reinforce or decrease the tidal current energy depending on the prevailing 

direction. Similar influences of wind induced currents and wave impact under monsoonal 

conditions may change the sediment dynamics in the subaqueous Mekong delta. 

In the case of the southern subaqueous Mekong delta the tidal current ellipses of the 

dominant M2-tidal constituent extend in NE-SW-direction (Zu et al., 2008) and correlate with 

the tidal current direction of the mooring stations (Fig. 4). Accordingly, resuspended particles 

are accelerated in north-eastern direction during ebb phase. Around low water from ebb to flood 

phase the velocity vector turns fast to southwest (Fig. 4c) and suspended particles are 

accelerated in that direction. The turn from flood to ebb phase needs up to 3 hours (Fig. 4c). It 

leads to an asymmetry of the tidal ellipses and longer time interval of particle movement in 

northern direction occur due to the longer shift from ebb to flood phase. As a result of ebb phase 

dominance with higher current velocities particles are transported over a longer distance 

relatively to the flood phase with lower current velocities. Greater tidal ellipses in proximity to 

the coast cause faster particle movement (Wiseman et al., 1986). Further offshore tidal ellipses 

are smaller and hence lower acceleration occurs. Considering the subaqueous delta extension in 

the southern region of approximately east to west (Fig. 1) and the prevailing particle delivery 

into north-eastern direction during ebb phase, a tidal current induced net transport of 

resuspended sediment is caused into the subaqueous Mekong delta (Fig. 7). 

5.3 Implications for understanding the fate of sediment dispersal 

Wang et al. (2005) mention that the transition zone of the subaqueous Changjiang Delta is 

beyond the control of the deltaic processes, but rather under the strong shelf tidal regime of the 

East China Sea that reach a current top velocity of 0.46 m/s. The near bottom tidal current top 

velocity at Mooring 1 and Mooring 2 exceed this value significantly (Mean/Max tidal currents at 

mooring 1 = 0.3/0.66 m/s and mooring 2 = 0.37/0.78 m/s). The moorings were carried out under 

neap tide and calm wind conditions. Hence, stronger near bottom tidal currents can be assumed 

due to high tidal energy condition during spring tide.  

Tidal processes in the subaqueous Mekong delta have a significant influence in sediment 

resuspension and its transport direction (Fig. 4 and 5). The tidal current in the southern region 

causes a net sediment transport directed into the subaqueous delta region with north-eastern 

direction due to ebb current dominance. It involves, as pointed out by the isosurface maps (Fig. 
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2), low cross-shore sediment transport during the inter-monsoon season. Increased SSCs occur 

only in the southern shelf region off Ca Mau Cape, where strong tidal currents can rework the 

sediment in deeper water (Fig. 2 isosurface map of 20 and 25 m water depth) supported by 

mooring 2 in 26 m water depth. 

In front of the main river branches tidal currents have also a coast-parallel direction (Hung 

and Dien 2006). In this region only few data of SSCs exist from the river mouth (Wolanski et 

al., 1996; Wolanski et al., 1998), the subaqueous Mekong delta and the adjacent shelf (Anikiyev 

et al. 1986). However, no comprehensive data exist regarding the significant influence of wave, 

tide and river processes to the sediment dynamic in cross-shelf and along-shore direction over 

the annual seasons. Numerical models predict a plume of higher salinity (Hordoir et al., 2006) 

and field investigations fixed a hypopycnal plume by Radium isotopes (Chen et al., 2010) and 

lower salinities as well (Voss et al., 2006; Grosse et al. 2010). However, the formation of a 

hypo- or hyperpycnal sediment plume offshore the subaqueous delta is neither supported by our 

measurements nor evidenced in the open shelf which is remarkably depleted in modern 

sediments (Unverricht et al., 2013). In addition, the shelf sediments primarily consist of sand in 

front of the Mekong river branches (Kubicki, 2008). 
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Abstract 

Mega-deltas like the Mekong River delta differ in shape and sedimentary pattern in dependence 

on the interplay of river, tide and wave forces. Specific hydro- and morphodynamic conditions 

in the subaqueous part of the Mekong River Delta generate a sand-ridge-system combined with 

erosional channels, which is unique in subaqueous delta formations. 

This large-scale morphological feature extends along the delta front, in particular, the delta slope 

and subaqueous delta platform of the Mekong River Delta. A system consisting of two sand 

ridges and two erosional channels (termed sand-ridge-channel-system (SRCS)) covers at least an 

area of 1971 km2 and extends in minimum 128 km along the coast. Three different areas west of 

the Bassac river mouth, the largest and western-most Mekong distributary, were distinguished 

according to their morphology. The eastern area, where the channel-ridge formation begins, 

stretches along the delta slope and inner shelf platform southwest of the Bassac river mouth with 

slightly concave and erosional features. The central area covers the southern part of the 

subaqueous delta platform with a pronounced sand-ridge and erosional channel morphology. 

Hydroacoustic cross-sections of the SRCS reveal an asymmetric shape including steeper ridge 

flanks facing into offshore direction. The channel troughs incise up to 18.2 m b.s.l. and 10.5 

from the ridge top at the shallow subaqueous delta platform, respectively. At the western part of 

the central area, the sand ridges pinch out while the two channels merge into one and form a 

giant scour of up to 33 m water depth within the subaqueous delta platform of generally less 

than 7.7 m water depth. In the western area, the channel gets shallower and vanishes along the 

south-western most subaqueous delta platform around Ca Mau Cape.  
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Headland retreat and sediment transport from erosive areas of the Mekong river delta coast are 

the source to form the sand-ridges and coastal subparallel tidal currents maintain and stabilize 

them. In contrast, tide and wind-driven currents cut the erosional channels, which act as fine 

sediment conveyor to the distal part of the delta front that is 200 km apart of the next main 

distributary. The SRCS represents a new morphological feature in the subaqueous deltaic 

environment and is a relevant indicator of delta instability and coastal erosion in subaqueous 

deltas. 
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1 Introduction  

River deltas belong to the larges morphological features that are shaped by sediment- and 

hydro- dynamic processes at the interface between fluvial and shallow marine environments. 

Especially in large deltas, the physical forcing processes change in space and time (e.g. Po-delta 

(Correggiari et al., 2005), Danube-delta (Giosan et al., 2006), Mekong-delta (Unverricht et al., 

2013)). It leads to different morphological features within the delta complex depending on the 

dominating hydrodynamic factors and the sedimentary composition (Orton and Reading, 1993). 

Therefore, the classification scheme for river deltas take their prevailing influence factors into 

account (Orton and Reading, 1993) and the pattern and nature of sediment accumulation (Walsh 

and Nittrouer, 2009), respectively. 

Conceptual (Orton and Reading, 1993, Dalrymple and Choi, 2007) and numerical models 

(Edmonds and Slingerland, 2010, Edmonds et al., 2011) for delta evolution support that 

sediment dispersal is delivered via bed load and suspended sediment. The material gets 

deposited within the river mouth area or is transported further to deposition sites on the inner 

shelf (Wright and Nittrouer, 1995; Tamura et al., 2010, 2012b; Szczuciński et al., 2013). In a 

prograding delta system, high sediment accumulation rates result in a lateral succession of 

subaqueous delta platform, delta slope and prodelta environment forming a clinoform as large-

scale sedimentary structures (Walsh and Nittrouer, 2009). Sediment pathways on the inner shelf 

are either coastal parallel or in across shelf directed. In both cases, the sediment gets sorted 

during transport with decreasing grain sizes away from the river mouth. 

Both cases are shown in the subaqueous Mekong River Delta (MRD) (Unverricht et al., 

2013). Beginning at the Bassac River mouth, the main distributary of the MRD, multiple 

variation of the subaqueous delta morphology occurs into south-western direction. The MRD 

consists of two prograding regions at the Bassac river mouth and near Ca Mau Cape that are 

connected by an area of a delta non-typical morphological feature. Sand enriched ridges 

combined with channels form an alternating and alongshore extending system (Fig. 1) that is 

partly incised into the subaqueous delta. The knowledge about the formation and development 

of these sedimentary features contributes the understanding of the younger evolution of the 

Mekong delta system in its particularly case. 

  



 

This art

and (2) co

transport an

Fig. 1. A) pro
track lines, ba
optical range 
including the 
crossing the su
the sand-ridge
channel width

Alongshore san

ticle provid

ombines hy

nd morpho-

ovides the locati
athymetry conto
of the researc
same satellite 

ubaqueous Mek
e-channel-syste
h including the t

nd-ridges and er

des (1) new i

ydro-acousti

dynamic pr

ion of the resea
ours and the sp

ch area (recorde
image combin

kong delta. D) p
em. Here, sand-
top of the sand r

C
rosional channe

insights into

ic, sedimen

rocesses in a

arch area in Sou
patial dimension
ed 22.08.2008 
ned with locati
provides seismic
-ridge-channel-s
ridges. 

Chapter V 
els in the subaqu

74 

o the subaqu

nt- and hyd

a prograding

uth-East-Asia an
n of the subaqu
by MODIS/NA

ions of an ADC
c track lines sho
system is abbre

ueous Mekong D

ueous Meko

dro-dynamic

g delta envir

nd the Mekong
ueous Mekong 
ASA). C) prese
CP-profile, sur
own in Fig. 3 an
eviated as SRC

Delta, southern 

ong River D

c data to in

ronment.

g River course. B
delta covered 

ents the key-cr
rface-samples- 
nd the interpola

CS. E) describes

Vietnam 

Delta morph

nterpret sed

B) presents the 
by a satellite im

ross-section off
and CTD/SSC-

ated spatial exten
s the estimation

ology; 

diment 

seismic
mage in
f Bo De
-stations
nsion of
n of the

 



Chapter V 
Alongshore sand-ridges and erosional channels in the subaqueous Mekong Delta, southern Vietnam 

75 

2 Regional Settings 

The origin of the Mekong River lies in the Tibetan mountains. On its 4,800 km long way, the 

Mekong River passes six countries before draining via eight distributaries into the South-China-

Sea. The river delta is mainly supplied with sediments from the two major distributaries Bassac 

and Mekong. The delta plain covers an area of approximately 62,520 km2 between Phnom Penh 

in the Cambodian lowlands and the southeast Vietnam (Nguyen et al., 2000). Anthropogenic 

interventions in the Mekong basin like damming (Kummu and Varis, 2007) increases 

permanently and lead to coastal erosion (Cat et al., 2006; Nguyen, 2012). 

The tidal regime along the Mekong River Delta is complex. The semi-diurnal to mixed 

meso-tidal system (Nguyen et al., 2000; Nguyen, 2012) with tidal ranges up to 2.5-3.8 m 

prevails in the South China Sea. In contrast, micro-diurnal tides and with tidal ranges of around 

0.5 to 1.0 m can be found in the Gulf of Thailand (Nguyen, 2012). The harmonic M2- and K1-

tidal-constituents are the most dominant constituents (Fang et al., 1999; Zu et al., 2008) in the 

South China Sea and generally propagate along the southern Vietnam coastline from northeast 

to southwest. In the subaqueous Mekong Delta, the tidal ellipses of the dominant tidal 

constituents with its according currents extend in alongshore direction (Hung and Dien, 2006; 

Fang et al., 1999; Unverricht et al., 2014). During neap-tide bottom currents of 0.6 m/s at the 

most southern delta slope were observed (Unverricht et al. 2014). 

The East Asian Monsoon climate causes strong seasonal variations in the wind system 

(Hordoir et al., 2006; Mitsuguchi et al., 2008; Xue et al., 2011). The winter monsoon winds 

from November to early March come from north-easterly direction, whereas south-westerly 

winds dominate during the summer monsoon (May to September). In the Mekong River delta 

region southwest of the Bassac River, wind speeds and directions are more heterogeneous and 

do not exceed 6 m/s (Unverricht et al., 2014). Wind speeds between 20 and 30 m/s can be 

achieved under stormy conditions (Institute of Strategy and Policy on natural resources and 

environment (ISPONRE) 2009). 

The East Asian Monsoon climate is driving the water circulation in the South China Sea. 

The offshore region of the Mekong River Delta is influenced by the western coastal current. 

During the winter monsoonal season dominates currents into south-western directions, whereas 

north-easterly currents prevail in the summer monsoon season (Fang et al., 1998). 

Recently, two distinct areas of the Mekong River delta are prograding into the open shelf. 

First, the region of the major distributaries with surface sediments tending from well sorted fine
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µm pore density (Whatman GF Cat No 1822-047) and a vacuum pump at 300 mbar. Filters were 

dried at 100 °C and weighted. A regression model translates the measured FTU values into 

suspended sediment concentrations for all turbidity data (Fig. 2). 

The sound velocity in sea water was calculated using the equation of the UNESCO from 

1981 (UNESCO 1981) with measured CTD data. Estimated water depths in seismic profiles are 

based on the average value of 1540 m/s (± 5.01 m/s STD) during our campaign. 

High resolution seismic profiles were recorded with the low-voltage C-boom-system 

working with a dominating frequency of 1.760 kHz and the high-voltage EG&G Uniboom-

system with a dominant frequency of 3.5 kHz. Postprocessing includes band pass filtering using 

different software (C-View, NWC) and data were converted into SEGY-format. SEGY-files 

were imported into The SMT Kingdom Suite®-software for visualization and interpretation. 

Tidal offsets were not considered with the postprocessing due to no available tidal gauge 

stations further offshore. Tidal gauges in the River mouth regions are not representative for 

offshore surveys, because the tidal amplitudes decrease from the coast to the inner shelf. 

Additionally, current velocities and flow directions were measured along sampling transects 

using an Acoustic Doppler Current Profiler (RDI Broadband ADCP at 1200 kHz). Positioning 

were carried out using a normal GPS-receiver. 

4 Results 

Subaqueous delta architecture west of the Bassac river mouth and Ca Mau Cape region is 

dominated by a morpho-dynamic system of channels and ridges composed of sand (see 4.3). 

Covering an area of 1971 km² and extending 128 km along the shore, the sand-ridge-channel-

system (SRCS) can be subdivided into three subareas (eastern, central and western area) 

according to shape and sediment distribution. 

4.1 Seismic stratigraphy and seabed morphology 

4.1.1 Eastern area 

Seismic data of the eastern area, located in front of Ganh Hao Fig. 1D) and approximately 

120 km southwest of the Bassac-River mouth reveal complex sub-bottom architecture. High 

amplitude reflectors in hydro-acoustic profiles mark the sequence below the delta base (Fig. 3 

A1, A-3D). Channel-like structures incise into downlapping reflectors and the channel infill of 

the lower subsequence shows draped features, whereas the upper subsequence has onlapping
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reflector pattern (Fig. 3 A1). The toplap surface of this sequence joins the bottom reflection At 

the delta base and forms the seabed of the open shelf between 15 and 17 m water depth (Fig. 3 

A1-3, A-3D). The undulated seabed at the open shelf combined with the foreset pattern joining 

the seabed show an erosional truncation (Fig. 3 A1-3, A-3D). 

Strong bottom reflection occurs, additionally, along the delta slope between 10 and 15 m 

water depth. Two subsequences of downlap reflector pattern terminate below the bottom 

reflector and show seaward inclined foresets (Fig. 3 A1). Between 5 and 10 m water depth 

occurs a sequence that forms the upper delta slope and the outer delta platform. Incident 

reflectors, mainly masked by gas, show further foreset pattern and terminate downlap to the 

foreset sequence below (Fig. 3A1). 

The transition between the initial area and central area of the SRCS feature strong bottom 

reflectors. In seismic profiles, foresets, partly masked by gas, characterize the terraced clinoform 

and its toplap surface forms an unconformity with the seabed (Fig. 3 A4). 

The recent delta base forms the central initial channel 1 (iCH-1) characterized as slightly 

concave shape (Fig. 3 A1) by a width of 8.2 km on average (1σ ± 725 m). The initial channel 1 

beginning at water depths of 17 m (Fig. 3 A1) becomes shallower until 15 m water depth at the 

end of the initial channel region (Fig. 3 A4). 

The initial channel 2 (iCh-2) is located on the inner shelf platform outside the delta (Fig. 3 

D) as slightly inclined and wide depression (Fig. 3 A3, A3-D). Channel-widths of 10862 m on 

average (1σ ± 1078 m) are reached (Fig. 3 A3). In seismic sections, iCh-2 incise into the foreset-

structures of the open shelf (Fig. 3 A3, A4) at water depths between 17 m and 18 m. 

Offshore of Ganh Hao (Fig. 3 B), a small initial channel occurs at water depths shallower 

than 10 m (Fig. 3 A1-2). However, it vanished into western direction and cannot be observed in 

the other seismic profiles. 

4.1.2 Central area 

Extending at least 60 km coastal parallel (Fig. 3D), the central area of the SRCS has a 

pronounced morphology compared to the eastern area including its very slightly concave shape, 

which is embedded into the delta slope and inner shelf. Seismic profiles at the subaqueous delta 

platform show downlapping reflectors (foresets), which terminate with the bottom reflector at 

the area of two depressions. However, the downlapping reflectors are mainly masked by gas and 

show mainly the seismic structure of the clinoform near the seabed. In the area of two ridges, the
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truncated foresets are covered by slightly inclined seismic reflectors (Fig. 3 B1-3, B-3D), 

whereas the upper most reflector of high amplitudes forms the sea bottom. 

From sediment grab samples consisting of fine and very fine sand Fig. 3C), the ridges are 

interpreted as sand bodies (Fig. 3 B1-3) and due to their elongated shore-parallel extension as 

sand ridges. The two sand-ridges are asymmetric with steeper slopes at the southern flank (Fig. 

3 B1-3, B-3D). 

The depressions at the subaqueous delta platform are interpreted as erosional channels due to 

erosional truncations of seaward dipping foresets. Channel 1 (Ch-1) and channel 2 (Ch-2) 

separate the two sand-ridges, where sand-ridge 2 forms the top of the delta slope (Fig. 3 B1-3). 

Channel widths of 7531 m on average (1σ ± 870 m) are observed at channel 1 (Ch-1), which 

reaches incisions of up to 14.3 m b.s.l and 6.6 m from the ridge top in the transition to the 

easterly-channel-system SE of Bo De, respectively (Fig. 1 B and Fig. 3 B1). Into western 

direction, the central channel depth decreases to 9.3 m b.s.l. and 2.9 m from ridge top close to 

Hon Khoai Island (Fig. 1D, Fig. 3 B1-3). 

The second channel (Ch-2) is 6023 m wide on average (1σ ± 1079 m). In the central channel 

trough SE of Bo De, water depths of 18.2 m are observed (Fig. 3 B1) and the incision amounts 

10.5 m from the ridge top, respectively. Similar to Ch-1, channel depths of Ch-2 decreases 

continuously up to 12.8 m b.s.l. into western direction until Hon Khoai Island. There, Ch-2 cut 

6.4 m into the subaqueous delta platform beginning from the ridge top (Fig. 3 B3). 

4.1.3 Western area and local depression 

Although the delta platform bathymetry becomes shallower into western direction, north of 

Hon Khoai Island water depths increase abruptly within 3.8 km from 7.7 m to more than 33 m 

(Fig. 3 C-3D) and form a local depression that extends approximately 4.5 km in north-south and 

12 km in southeast-northwest direction (estimated relative to 7.5 m b.s.l.). Gas is masking the 

seismic reflectors excepting the bottom reflector (Fig. 3 C-3D). The deepest part exceeding 33 m 

water depth has an east-west extension of approximately 350 m. Inclination is steeper to the 

southeast, whereas the western and northern flanks are more flattened (Fig. 3 C-3D). Both sand-

ridges merge into the depression and pinch out in western direction as single flat depression 

until the delta front of Ca Mau Peninsula (Fig. 1 D). 
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 Regional Hydro-Meteorological Center (SRHMC, Vietnam)). During measurements of the 

ADCP-transect in Fig. 4 the wind speed did not exceeds 4 m/s and the south-eastern wind 

direction did not coincide with water current directions (opposite direction) recorded during 

flood phase condition (Fig. 4 B). 

Currents from south-western direction were measured along the transect (Fig. 4 E). Near surface 

currents (1.5 m b.s.l.) reach velocities of up to 0.85 m/s (0.49 m/s on average, 1σ ±0.12 m/s), 

while near bottom currents (1 m above seabed) range between 0.16 m/s and 0.51 m/s (0.32 m/s 

on average, 1σ ±0.06 m/s). In both channels, higher current velocities occur near the sea surface 

and lower currents close to the seabed. Near surface currents in channel Ch-1 reach highest 

velocities of 0.66 m/s (0.47 m/s on average, 1σ ±0.07 m/s) close to its southern channel flank 

(Fig. 4 C). The same pattern is observed in channel Ch-2 with 0.85 m/s (0.6 m/s on average, 1σ 

±0.1 m/s). Near the seabed, average currents of 0.34 m/s (min/max velocity = 0.26/0.40 m/s in 

maximum) were measured in channel Ch-1 and 0.36 m/s (min/max velocity = 0.23/0.44 m/s) in 

channel Ch-2. In comparison to the channels, the sand-ridge areas do not show significantly 

lower current velocities near the seabed. In the region of sand-ridge 1, the average currents near 

the seabed reach 0.34 m/s (min/max velocity = 0.26/0.40 in maximum) and at sand-ridge 2 

average velocities of 0.30 m/s (min/max = 0.23/0.42 m/s) were measured (Fig. 4 C). In contrast 

to the channels, lower near surface currents (1.5 m b.s.l.) were observed at sand-ridge 1 with 

average velocities of 0.45 m/s (min/max velocities = 0.39/0.52 m/s) and 0.47m m/s (min/max 

velocities = 0.40/0.60 m/s) along sand-ridge 2. 

4.3 Distribution of sand 

As presented in (Unverricht et al., 2013), subfractions of fine and very fine sand dominate 

the subaqueous Mekong delta. Concerning the source of the sand-ridges, it is necessary to 

consider a detailed analysis of the sand fraction. 

Starting at the Bassac River mouth, sand content, which consists of mainly fine and very fine 

sand, decreases alongshore in southwest direction from 79% to less than 20% until the Ganh 

Hao region approximately 95 km southwest of the Bassac River (Fig. 5 section 1). 

Sand content below 20% occurs additionally at the cross-shore section 2 (Fig. 5), 

approximately 60 km west of the Bassac River mouth. Fine and very fine sand prevail along the 

section until the transition to the outer shelf, where coarse and medium sand dominate. 
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SSCs up to 2.5 m above the seabed reach values of 137 mg/l by 18.6 mg/l on average (1σ 

±16.9 mg/l). Sampling stations in the channel areas have SSCs of 10.6 mg/l on average (1σ ±2.9 

mg/l; min/max =5.3/19.1 mg/l) close to the seabed (≤ 2.5 m above the seabed). Particularly, 

channel 1 (CTD/SSC-station 4, Fig. 6A) shows lower SSCs of 7.1 mg/l on average (1σ ± 3.2 

mg/l, min/max= 4.0/19.1 mg/l) and in the central channel 2 the SSCs range between 2.7 mg/l 

and 7.0 mg/l (4.9 mg/l on average, 1σ ±0.6 mg/l) (CTD/SSC-station 6, Fig. 6A). 

The low suspended sediment concentrations of the upper water column at CTD/SSC-station 

4 and 6 (Fig. 6A) indicate a correlation with lower turbid water of the satellite image of Fig. 1C. 

These two areas of lower turbidity follow the central region of both channels until Hon Khoai-

island. To the west, one area of lower turbid water is evident and located at the same region as 

the western area of the SRCS (Fig. 1 B). 

Water temperatures along the CTD transect (Fig. 6 B) are stratified. In the surface layer (< 2 m 

b.s.l.) vary the temperatures between 29.81°C and 30.73 °C (30.27 °C on average, 1σ ±0.2 °C). 

The water body below shows slightly lower temperatures ranging between 29.39 °C and 30.28 

°C (29.65°C on average, 1σ ±0.19°C) at the subaqueous delta platform (CTD/SSC-station 11, 

Fig. 6B). At the shelf transition, underneath the surface layer occurs a water mass with 

temperatures of 28.94°C on average (1σ ±0.08°C; min/max = 28.84/29.22°C). 

The salinity values of the surface layer (< 2 m b.s.l.) vary from 31.21 to 33.8 (33.09 on average, 

1σ ±0.61), whereas generally increasing salinity values into offshore direction are observed (Fig. 

6 C). In the southern South China Sea, full marine conditions are reached at salinities exceeding 

33.5 (Grosse et al. 2010), which are observed in offshore direction beginning at the region of 

ridge 2 (Fig. 6 C). 
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5 Discussion 

Directional currents like tide induced currents in shallow marine environments could generate 

elongated morphological features (Dyer and Huntley, 1999; Héquette et al., 2008; Garel, 2010) 

governed either by erosion or deposition. In the case of the subaqueous Mekong delta occurs 

both, channelized depressions (erosional feature) and sand ridges (depositional feature) 

extending subparallel to the coast (Fig. 3). However, due to their spatial neighbourhood it is 

obviously to argue that they have a similar temporal origin. The arrangement into three subareas 

implies that local hydro- and sediment dynamic conditions origin have to be considered in the 

interpretation of the development of the SRCS. 

5.1 Sediment Source 

The accumulation of large scale sand bodies leads to the question of the available source of 

the large sand volumes, because the next Mekong distributary (Bassac River) is located 90 km 

apart from the sand ridges (Fig. 1D). Furthermore, sand content decreases below 20 percent in 

the subaqueous Mekong delta southwest of the Bassac River indicating a reduction in sand 

supply in direction to the sand ridges (Fig. 5 section 1). 

Offshore sediment surface samples close to the smaller tidal channel at Bo De and Rach Goc 

(Fig. 1B) have sand contents below 20 percent as well (Fig. 5 section 5 and 6). The erosional 

character at the Bo De key section (most eastern transect in Fig. 3 B3D) and stiff clay at the tidal 

inlet (Heinrich, 2009) implies in addition no source of sandy material. 

Sand transport from the inner shelf into the subaqueous delta by wave action is eligible. 

However, surface sediments from sand ridge 2 (top of the delta slope) until the open shelf 

decrease continuously in sand content (Fig. 4C; Fig. 5 section 5 and 6) contradicting a landward 

sand transport. In addition, sands of the inner shelf are enriched in coarse and medium fractions 

(Fig. 5 section 5 and 6), which do not occur at the sand ridges. 

Surface sediments of the central channel troughs (Fig. 4C) consist of mud to sandy mud 

(Unverricht et al., 2013; Fig. 5 section 5 and 6). As proven by channel incision, erosion in the 

channel troughs is probable, but secondary as source of sand. 

The south-western part of the subaqueous delta around Ca Mau Cape can be excluded as a 

sand source because it consists mainly of muddy sediments (Xue et al., 2012b; Unverricht et al., 

2013). Therefore, we conclude that the main source of sandy material must be located between 

the main distributaries in the NE and the beginning of the SRCS.  
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This area suffers severely erosion of mangrove forests and sandy tidal flats extending from 

Soc Trang and Bac Lieu provinces (Fig. 1 B) near the Bassac river mouth until Bo De since the 

last decades (Cat et al., 2006; Pham and Furukawa, 2007; Joffre, 2010; Albers et al., 2011; 

Pham, 2011; Nguyen, 2012; Schmitt et al., 2013). Coastal sediments of the Soc Trang province 

contain high sand portions up to 70 % (Pham, 2011) and provide a suitable sediment source to 

nourish the sand ridges. 

In the Ganh Hao region erosion occurs along both mangrove coast (Cat et al., 2006; Pham 

and Furukawa, 2007) and delta slope of the eastern area, where channel 1 begins (Fig. 3 A1). Up 

to 20 cm thick surface sediment at the delta slope (Unverricht et al., 2013) mainly comprise well 

sorted fine and very fine sand (Fig. 5 section 3 and 4) coinciding with grain size composition of 

the sand ridges. After Cat et al. (2006) coastal erosion at the Ganh Hao region mainly occurs 

during NE monsoonal winds (October until March) reaching speeds of 10-24 m/s (data from 

1999-2008 of the Southern Regional Hydro-Meteorological Center (SRHMC, Vietnam)) and 

indicating a (Cat et al., 2006) net-sediment transport in SW-direction to the sand ridges due to 

wind driven currents. 

5.2 Morpho- and sediment dynamic processes 

The Ganh Hao region presents the eastern area of the sand-ridge-channel-system in the 

subaqueous Mekong delta. Undulations, subparallel aligned to the delta slope, show an erosional 

truncation of foreset pattern below the surface layer (Fig. 3 A1-A3). This implies that initial 

morphological channelization may be caused by NE monsoonal erosive currents. Coastal 

subparallel currents (Xue et al., 2012a) provoke alongshore sediment drift, but prevent offshore 

sand transport. Taken into account that wind driven currents during the north-eastern winter 

monsoon prevail (Ta et al., 2005), sediment transport is directed to the sand ridge region in the 

SW. 

The ridge top consists of a sand body (Fig. 4 C) covering truncated foresets (Fig. 3 B1-3). 

Ridges and troughs do have a channeling effect leading to heterogeneous current velocities 

along the transects (Fig. 4B). As consequence, sediment sorting occurs (Fig. 4 C) due to 

gradients in current velocity, supporting sand deposition along the ridges. Although, the velocity 

gradient is observable only near the sea surface (Fig. 1 B) in the inter-monsoon season it may 

increase by wind-driven currents during the winter monsoon season. Suspended sediment is
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observed especially along the sand-ridges and especially at the out flank of sand ridge 2 (Fig. 

6A). Similar trend is documented by (Unverricht et al., 2014) along the delta slope close to Hon 

Khoai Island and indicates tidally induced sediment resuspension. 

Several studies about sand ridges in different tidal environments and different scale (Mid 

Atlantic Bight (Swift, 1975), German Bight (Antia et al., 1995) and Southern North Sea (Garel, 

2010)) provide information on convergences of sediment fluxes along sand ridges, which are 

induced by flood current dominance on one ridge flank and ebb current dominance on the other 

side. Therefore, tidal currents play the primary role in sand ridge maintenance and stabilisation 

(Antia et al., 1995, Dyer and Huntley, 1999). Héquette et al. (2008) stated that wave-induced 

oscillatory movement can cause additionally sediment agitation and remobilization, but 

sediment transport is dominated by the mean flow consisting of tidal and wind induced currents. 

In the subaqueous Mekong delta, sediment resuspension due to tidal currents can occur without 

wind and wave influences (Unverricht et al., 2014). This indicates that wave and wind driven 

particle fluxes can additionally amplify sediment transport, especially in the subaqueous 

Mekong delta. 

Dyer and Huntley (1999) classify sand ridges in dependence of their location and source of 

sand. The subclass of alternating ridges has its origin in shoreline retreat as sand source. 

Initially, sand built ridge-systems close to headlands depend on the availability of sand supply. 

Aided by shoreface erosion sand ridges move further away from the source and run subparallel 

to dominant current directions. Headland associated banner banks arise as result which are 

modified either by tidal or storm forcing (Swift, 1975; Dyer and Huntley, 1999). In comparison 

with the morpho-, sediment- and hydro-dynamic conditions of the study site, the SRCS can be 

described as alternating ridge-system. The retrograding coastline between Ganh Hao and Bo De 

(Fig. 1B) forms a local headland including flow directions changing from NNE-SSW to NE-

SW. The currents support the idea of a net-transport into south-western direction to nourish the 

sand ridges with sediment from the erosion sites offshore Ganh Hao and the coast of Bac Lieu 

and Soc Trang provinces (Fig. 1 B). Furthermore, the coastline around Bo De (Fig. 1 B/D), 

which is just opposite of the SRCS of a distance of 10 km, is also under erosion (Nguyen 2012). 

It causes coastline retreat including relative offshore migration of the sand ridges. 

(Dyer and Huntley, 1999; Garel, 2010) provide studies along sand ridges of similar 

dimensions and describe deflection angles between ridge crests and prevailing tidal currents 

between 7-15° and 15-25°, respectively. Along transect B1, west-southwest directed tidal 
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current (241° on average) during flood phase crosses the ridge crests in an angle of 32 degrees, 

which extends in southwest direction (209° on average), representing a comparable deflection 

angle like the examples of the mentioned studies before. Compared to the upper water column 

higher SSC occur close to the seabed around the sand ridges (Fig. 6 A) and indicate 

resuspension. Similar patterns are described in the area along the southern delta slope 

(Unverricht et al., 2014) and sand ridge 2, respectively. 

5.3 Coastal erosion –delta front instabilities 

In the last decades, worldwide increasing dam constructions (Syvitski et al., 2005b, 2009; 

Walling, 2006; Syvitski and Saito, 2007; Ran et al., 2013) lead to sediment reduction to coastal 

waters and hence, diminishing delta progradation and erosion (Bi et al. in press, Yang et al. 

2011), respectively.  

Particularly at the erosion sites at Ganh Hao and the Bac Lieu province (Fig. 1 B) close to 

the Bassac river mouth, 93.7% of the eroded beaches consist of sand (Cat et al., 2006). 

In the Yangtze River, 50% decrease of sediment supply is attributed to enhanced sand 

mining at the mid-lower Yangtze and less sediment supply of the Hanjiang River after building 

the Danjiangkou Reservoir (Chen et al., 2005). 

Increasing dam constructions in the entire Mekong basin (Kummu et al., 2010) combined 

with sand mining (Kummu et al., 2008) will increase the erosion of sandy coasts in deltaic 

environments with consequences for morphological changes (Wang et al., 2011). The delta front 

instabilities at the subaqueous Mekong delta, shown as truncated foreset pattern with the sea 

bottom (Fig. 3), high amounts of fine and very fine sand (Fig. 5) and an upper sandy layer above 

a hiatus along the delta slope (Unverricht et al., 2013), respectively, are indicators for 

subaqueous delta erosion. 

6 Conclusion and outlook 

The subaqueous Mekong delta architecture shows a complex pattern. Between two 

pronounced delta clinoforms at the Bassac river mouth and around Ca Mau Cape that lying 

approximately 200 km apart (Xue et al., 2010; Unverricht et al., 2013) a sand-ridge-system 

combined with erosional channels (SRCS) exists (Fig. 1 and Fig. 3). This large-scale 

morphological feature extending over at least 128 km is unique in deltaic realms. The SRCS is 

subdivided by shape and sediment distribution into three areas. The eastern area when the SRCS 

initiates, is embedded along the delta slope and at the transition to the inner shelf platform.
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Truncated foresets cut by the bottom reflector indicate erosional activity (Fig. 3 A1-3). In 

particular, delta slope regions are covered by a sand layer up to 20 cm thick (Unverricht et al., 

2013). The shape of the SRCS is smooth with slightly concavity along the delta slope and inner 

shelf platform (Fig. 3 A1-3, A3-D). 

In contrast, the central area is characterized by two prominent sand ridges, which are 

accompanied by two erosional channels. The channels incised down to 18 m b.s.l. into the 

southern subaqueous delta platform and 10.5 m from the ridge top respectively. Seismic profiles 

crossing the central area reveal an asymmetric shape of the sand-ridge-channel-system, whereas 

the steeper flanks are inclined to the south. Coastal tidal currents cross the crest of the sand 

ridges at an angle of 32° on average and lead to ridge maintenance and stabilization (Swift, 

1975; Dyer and Huntley, 1999). Presumably, the ridges are fed by different sand sources due to 

erosion and sediment resuspension in both the shore and subaqueous Mekong delta. 

In the transition of the central and western area, where the SRCS terminate, the erosional 

channels merge into a local depression that reaches north of Hon Khoai Island water depth of 33 

m (Fig. 1B). The asymmetric depression with a steeper flank to the east is interpreted as giant 

scour. West of the scour, the SRCS runs out as single shallow and wide channel at the second 

delta front around Ca Mau Cape. With regard to the delta progradation around Ca Mau Cape, the 

sand-ridge-channel-system serves as sediment conveyor. Tide and wind-driven currents initiate 

and maintain the net-sediment transport path until Ca Mau Cape. 

This sand-ridge-channel-system can be classified by its shape and hydrodynamic conditions as 

tidal sand ridge massif, especially as alternating ridge complex (after Swift, 1975; Dyer and 

Huntley, 1999). However, a detailed analysis of severely variability in sediment-, morpho- and 

hydro-dynamics over a longer period is required together with the adaption of numerical models 

and must be included into future studies. 

Coastal erosion is a particular issue in recent delta environments. Dam constructions 

(reservoirs) and sand mining reduces the sediment supply to coastal areas (Syvitski and Saito, 

2007; Kummu et al., 2008, 2010), groundwater extraction and river embankments leads to 

accelerated subsidence (Syvitski et al., 2009) and mangrove deforestation destroy the natural 

coastal protection (Nguyen et al., 2013). Many studies include only the onshore area into 

erosional studies, although sediment reduction also destabilizes the delta front and hence the 

delta progradation. In particular cases like the Yellow river (Bi et al., in press) and Yangtze 

(Chen et al., 2005; Yang et al., 2011) it leads to strong coastal erosion and delta retreat. 
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The initially deterioration of the subaqueous delta environment is observed in this study, 

which documents erosional pattern along the wide extending delta front of the Mekong River 

delta. These erosional patterns may occur also in other deltaic realms and therefore, we 

recommend incorporating the subaqueous delta areas into future investigation about coastal 

erosion. 
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