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Abstract

The Mekong River Delta in southern Vietnam is one of the Asian megadeltas that are
hotspots for a growing population and intensified agriculture. As with other deltas
worldwide, the evolution of the Mekong River Delta is closely linked to variations in
sea-level, the amount of sediment discharge by the river system and the oceanographic
properties off the river mouths. During the Holocene, all of these factors varied substan-
tially and only in the mid- to late Holocene were environmental conditions favourable
for delta progradation. The initial delta development was fast and rapidly formed a
large delta plain. The new land offered an opportunity for prehistoric settlers, that
inhabited adjacent areas since ca. 4000 years before present, to expand their living
space southwards and to take advantage of the fertile soils. One of the outstanding
places is the ca. 3000 year old site of Go O Chua in the northernmost delta. This
site was potentially used to refine salt from seawater on an industrial scale and thus
represents the oldest large-scale salt production center in SE Asia. To manufacture salt
on an industrial scale, the sea, as the source for the brine, ought to be close to the site
in order to keep the transport routes short. The only available coastline reconstruction,
however, suggests that the shoreline was far away from the site. To solve the problem
of the spatial discrepancy between site and shoreline, it is necessary to re-evaluate the
geological and palaeoenvironmental evolution of the area. This is the major aim of this
thesis.

The first objective of this thesis is to reconstruct the geological development of the
north-eastern Mekong River Delta and to evaluate the position of the palaeocoastline
in the area 3000 to 2000 years before present. The second objective is to assess the area’s
palaeoenvironmental evolution, a controlling factor for the choice of settlement location,
and to evaluate prehistoric human impact. The third objective evolved out of the ongo-
ing archaeological debate concerning the Go O Chua pottery that was employed during
the hypothesized salt production process. The pottery, which has been found in great
quantities at the site, is generally of cylindrical shape with three finger-like protrusions
on one end and a cup-like feature on the opposite end. Due to their shape, the pottery
can be used in two orientations, either with the finger-like protrusions or the cup-shaped
end at the top. Resulting from this ambiguity, the third objective of this thesis is to
reconstruct the orientation of the ceramics. To solve these issues, 11 sediment cores
and 22 samples of pottery were analyzed with sedimentological, palaeoenvironmental
and archaeomagnetic techniques.

The results of the sediment analyses form the basis for the interpretation of the geo-
logical history of the study area. By connecting the interpreted cores from this work
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with published sediment records from adjacent areas it is possible to give the following
summary:

• During the late Holocene sea-level decline and delta progradation, the study area
developed from a sub-/intertidal flat into the subaerial delta plain.

• The tidal flat stage was dominated by estuarine rather than deltaic conditions.
The formation of prodelta and delta front deposits was prevented by the lack of
accommodation space in the area.

• The results of these sediment cores allow the assessment of the regional course
of the coastline which is debated for the Mekong River Delta. During the fast,
initial delta progradation, the coastline moved southwards rapidly and was about
80 to 90 km south of Go O Chua during the suggested salt production period.

In order to reconstruct the palaeoenvironmental development of the area, palynologi-
cal and macro-charcoal analyses were carried out on samples from selected cores. To
assess the palaeocoastline evolution, the temporal and spatial mangrove distribution in
the area has been reconstructed. The prehistoric human impact on the environment
can be rated by evaluating the combined signal from the charcoal abundance and the
palynological indicators for agriculture. The following conclusions can be drawn:

• The coastal mangrove community followed closely the southward migrating shore-
line.

• The area around the Vam Co Tay River shows an exceptional pattern. Due to
the supply of brackish water by the river, river fringing mangrove communities
could prevail in the area even when the surrounding delta plain was dominated
by freshwater vegetation.

• The freshwater vegetation shows a varying composition depending on the charac-
teristics of the delta plain morphology and reflects the diversity of habitats in the
area. The predominant swamp vegetation being comprised of grasses and sedges
locally includes palms, aquatic plants and evergreen as well as deciduous shrubs
and trees.

• The impact of the prehistoric settlers on their environment was minimal. The
records do not show any indication of large-scale agriculture as it has been docu-
mented for contemporaneous sites in southern SE Asia. The agricultural limita-
tion of these ancient settlements was probably caused by the difficulty in accessing
the swamp environment in the study area.
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The archaeomagnetic analysis of the ceramics from Go O Chua provided the following
information:

• The Vietnamese pottery was used with the three finger-like extensions upwards
which resembles the orientation of ceramic analogues from contemporaneous sites
in Europe where ancient salt production is proven.

• On the basis of the above analogue the argument favouring salt production at the
site of Go O Chua can be strengthened.

The ongoing evaluation of further cores from key areas in the region will aim to clarify
the early stages of delta progradation in more spatial and temporal detail. Further
work on the ceramics of Go O Chua will be carried out in order to assess the origin
of the employed material and to provide a basis for comparison with contemporaneous
pottery from other sites in SE Asia.
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Zusammenfassung

Das Mekong Delta in Südvietnam gehört zu den Megadeltas Asiens und damit zu
den Zentren von wachsender Bevölkerung und intensivierter Landwirtschaft. Seine
Entstehung ist, genau wie die von anderen weltweit vorkommenden Deltas, eng an
die Schwankungen des Meeresspiegels, die Sedimentzufuhr des Flusssystems und die
ozeanographischen Bedingungen an der Flussmündung gekoppelt. Diese Umweltfak-
toren variierten stark im frühen Holozän und erst im mittleren Holozän waren die
Bedingungen so günstig, dass die Progradation des Mekong Deltas initiiert wurde. Die
schnelle, frühe Deltaentwicklung führte zur raschen Erschaffung einer großen Deltaebene.
Dieses neu geschaffene Land ermöglichte den Siedlern, welche sich vor ca. 4000 Jahren
in angrenzenden Gebieten niederließen, ihren Lebensraum nach Süden zu vergrößern
und die fruchtbaren Böden zu ihrem Vorteil zu nutzen. Einer der bedeutendsten
Siedlungsplätze der Region ist das ca. 3000 Jahre alte Go O Chua im nördlichsten
Delta. Dieser Ort wurde möglicherweise dazu genutzt, Salz aus Meerwasser im indus-
triellen Maßstab zu gewinnen und stellt daher potentiell das älteste, großmaßstäbliche
Salzsiedezentrum Südostasiens dar. Bei der Produktion von Salz im industriellen
Maßstab sollte das Meer, als Quelle für die Salzlösung, möglichst nahe sein, um vor
allem die Transportwege kurz zu halten. Die einzige derzeit vorhandene Rekonstruktion
der Küstenlinie schlägt jedoch einen Küstenverlauf weit im Süden der Fundstätte vor.
Diese Diskrepanz zeigt, dass eine Neubewertung der regionalen geologischen Geschichte
sowie der Entwicklung der Paläoumwelt notwendig ist.

Das erste Ziel der vorliegenden Dissertation ist es, die geologische Entwicklung des
nordöstlichen Deltas und die Position der Küstenlinie 3000 bis 2000 Jahre vor heute zu
rekonstruieren. Das zweite Ziel ist die Einschätzung der Paläoumweltent-wicklung, da
diese ein entscheidender Faktor in der Wahl des Siedlungsstandortes ist und Rückschlüsse
zulässt, wie stark die prähistorischen Siedler ihre Umwelt verändert haben. Das dritte
Ziel entwickelte sich aus der aktuellen archäologischen Diskussion über die Keramik
von Go O Chua. Die Keramik wurde in großen Mengen an der Fundstätte gebor-
gen und ist generell zylindrisch mit drei fingerartigen Fortsätzen auf der einen und
einer schüsselartigen Vertiefung auf der anderen Seite. Aufgrund dieser Ausprägung
kann die Keramik in zwei verschiedenen Orientierungen eingesetzt werden, entweder
mit den fingerartigen Fortsätzen oder dem schüsselähnlichen Ende nach oben. Aus
dieser Uneindeutigkeit heraus entstand das dritte Ziel dieser Arbeit, die Rekonstruk-
tion der Orientierung in welcher die Keramik von Go O Chua während des Salzsiede-
prozesses genutzt wurde. Zur Klärung der drei Hauptfragen wurden 11 Sedimentkerne
und 22 Keramikproben mit sedimentologischen, paläoökologischen und archomagnetis-
chen Methoden analysiert.
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Die Ergebnisse der sedimentologischen Analysen liefern die Basis für die Interpretation
der regionalen geologischen Geschichte. Die interpretierten Sediment-kerne wurden an-
schließend mit publizierten Sedimentkernstudien in benachbarten Gebieten verglichen,
was die folgende Zusammenfassung ermöglicht:

• Während des spätholozänen Meeresspiegelabfalls und der zeitgleichen Delta-progradation
entwickelte sich das Arbeitsgebiet von einem Sub-/Intertidal zu einer terrestrischen
Deltaebene.

• In der sub-/intertidalen Phase war in der Region eher ein ästuarines statt deltais-
ches System ausgeprägt. Das Fehlen von Prodelta und Deltafront-ablagerungen
ist auf den Mangel von Akkumulationsraum während der schnel-len, frühen Deltaen-
twicklung zurückzuführen.

• Die Ergebnisse aus der Sedimentkernanalyse erlauben die Einschätzung des re-
gionalen Küstenlinienverlaufes, welcher kontrovers für das Mekong Delta debat-
tiert wird. Während der schnellen, frühen Deltaprogradation verlagerte sich die
Küstenlinie rasch nach Süden und war zum Zeitpunkt des möglichen Salzsiede-
prozesses ca. 80 bis 90 km südlich von Go O Chua.

Um die Entwicklung der regionalen Paläoumwelt zu rekonstruieren, wurden palynol-
ogische Analysen durchgeführt und der Holzkohlegehalt der Sedimentproben aus aus-
gewählten Kernen bestimmt. Die Einschätzung des Paläoküstenlinienver-laufes geschieht
auf Basis der zeitlichen und räumlichen Entwicklung der Mangrovenvergesellschaftung
im Gebiet. Der Einfluß der prähistorischen Siedler auf ihre Umwelt wird mit Hilfe des
kombinierten Signals aus der Holzkohlehäufigkeit und der palynologischen Anzeiger für
Landwirtschaft abgeschätzt. Die folgenden Rücks-chlüsse können gezogen werden:

• Die Migration des Mangrovenwaldes war eng mit der sich südwärts verlagernden
Küste verbunden.

• Das Gebiet um den Vam Co Tay Fluss zeigt ein abweichendes Muster. Aufgrund
von ausreichender Brackwasserzufuhr im Fluß konnte sich eine Mangrovenverge-
sellschaftung entlang des Flußufers auch dann halten, als in der angrenzenden
Deltaebene schon Süßwasservegetation vorherrschte.

• Die Süßwasservegetation zeigt eine variierende Zusammensetzung, welche die ver-
schiedenen Habitate in der morphologisch abwechslungsreichen Delta-ebene wider-
spiegelt. Die vorherrschende Sumpfvegetation, welche sich vor allem aus Gräsern
zusammensetzt, führt lokal auch Palmen, aquatische Pflanzen und sowohl im-
mergrüne als auch laubabwerfende Bäume und Sträu-cher.

• Der prähistorische, anthropogene Einfluss auf die Umwelt war gering. Die bear-
beiteten Sedimentkerne zeigen keine Hinweise auf ausgedehnte Landwirtschaft
wie sie von anderen prähistorischen Siedlungen in Südostasien bekannt ist. Diese
Einschränkung beruht auf der Unzugänglichkeit der Sumpfgebiete, die im Ar-
beitsgebiet weit verbreitet waren.
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Die archäomagnetischen Analysen der Keramiken von Go O Chua lieferten folgende
Informationen:

• Die vietnamesische Keramik wurde mit den fingerartigen Enden nach oben ver-
wendet. Das entspricht der Orientierung von Analogkeramik aus Europa, bei
welcher der Zusammenhang mit frühgeschichtlicher Salzproduktion nachgewiesen
ist.

• Basierend auf dieser Aussage kann die Interpretation, welche Go O Chua als
prähistorisches Salzsiedezentrum einschätzt, unterstützt werden.

Die derzeit noch nicht abgeschlossene Auswertung von Kernen aus Schlüssel-regionen
des Arbeitsgebietes wird die Rekonstruktion der frühen Phase der Delta-progradation in
höherer räumlicher und zeitlicher Auflösung zulassen. Weite Arbeiten an der Keramik
von Go O Chua werden durchgeführt, um die Quelle des verwendeten Materials bestim-
men zu können und um eine Basis für den Vergleich der Keramik mit zeitgenössischer
Keramik aus der gesamten Region Südostasiens vornehmen zu können.
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Chapter 1

Introduction

This introductory section provides an overview of deltas worldwide and sets the frame
for the following chapters and the thesis topic. An outline of the geological history of
deltas is given using examples of two delta sequences and an active delta. Subsequent
to this global framework, a short introduction to Asian deltas delineates the sea-level,
climate and human history of the study area.

1.1 Deltas worldwide

Today large river deltas represent less than 5% of the global landmass but are home
to half a billion people (Vörösmarty et al., 2009). During the last century, the recog-
nition of their economic value led to intensified development and exploitation of these
areas. Most notably the transformation of delta plains into inhabitable land and the
extraction of hydrocarbons impact on the deltas and is associated with many ecological
and political problems. In addition, deltas are particularly important for agriculture,
forestry and fishery, making them highly valued socio-economic regions.

Deltas are discrete sediment bodies that occur worldwide (Fig. 1.1) (Allaby and
Allaby , 1999) (see Textbox 1). The majority of the sediment accumulates on the seaward
side of the sediment body which leads to the typical progradation pattern and thus the
characteristic delta structure (Fig. 1.2). Depending on the hydrodynamic conditions at
the river mouth and the amount of sediment input, a different type of delta is formed.
The three main classes of delta types are (Fig. 1.3):

• Wave-dominated delta (e.g. Rhône, Nile).

• Tide-dominated delta (e.g. Ganges-Brahmaputra).

• River-dominated delta (e.g. Mississippi).
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Figure 1.1: Worldwide distribution of major deltas. After Davies Jr. (1983); Reineck and Singh (1980).
All geographical base maps were drawn using a GMT-websource if not stated different.

Textbox 1: Delta versus estuary

Delta: A discrete protuberance of sediment formed where a sediment-laden
current enters an open body of water, at which point there is a reduction in
the velocity of the current. This results in rapid deposition of the sediment,
which forms a body, for example at the mouth of a river where the river
discharges into the sea or lake.

Progradation: The outward building of a sedimentary deposit, such as the
seaward advance of a delta or shoreline, or the outbuilding of an alluvial fan.

Aggradation: The general accumulation of unconsolidated sediment on a
surface, which thereby raises its level.

Estuary: Semi-enclosed coastal body of water which has a free connection
with the open sea and where fresh water, derived from land drainage, is mixed
with seawater. Normally an estuary is the result of a valley drowning by the
post-glacial rise in sea level.

Cited from Allaby and Allaby (1999)
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Figure 1.3: Ternary diagram defining the main delta classes as a function of three controlling factors
according to Galloway (1975). The shape of the resulting delta body is described on the outside of
each axis. For each type two examples of modern deltas are given. Redrawn from Reineck and Singh
(1980).

The majority of modern deltas, however, are mixed types where more than one of
the three factors influences the delta morphology. In addition, various other exogenetic
(originating on the Earth’s surface) and endogenetic (originating in the Earth’s interior)
processes and factors influence the evolution of a delta body (Fig. 1.2) (Coleman
and Huh, 2004). For example, variations in climate, an exogenetic factor, lead to
profound changes in the hinterland of a delta system and in the delta body itself. In
the hinterland, changes in climate influence, for example, the rate of weathering that
leads to enhanced or lessened water and sediment discharge which in turn can cause
an increased or decreased rate of progradation and aggradation. The delta body itself
is affected by climate changes, for instance, through the impact of storms that have
the potential to rework and erode the sediments from the upper delta front and the
coastline as well as to devastate the lower delta plain. Tectonic movements, the major
endogenetic process impacting on delta environments, influence the accommodation
space of a delta body and can cause drowning or uplifting of a delta.
All of the processes and factors, which control the evolution and morphology of a delta
system, vary on different time scales throughout the geological history. Changes in
climate and sea-level can occur within hundreds of years whereas tectonic movements
can act over millions of years. The interplay of all processes led to the formation of
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highly differing deltaic sequences throughout the Earth history.

1.1.1 Delta development in geological history

Since the Precambrian, evidence for delta systems have been found in each period of
the geological record (Oti and Postma, 1995). Economically important and thus the
most studied deltas are of late Palaeozoic, Mesozoic and Tertiary age (Davies Jr., 1983).
The following two examples shall outline the complex interplay between exogenetic and
endogenetic processes that controlled delta evolution in two different periods of the
geological record. The first example from Australia illustrates how the late Permian,
glacio-eustatic sea-level rise led to the cessation of one delta system while initiating the
progradation of a successive delta system. Rises of sea-level, that led to the drowning of
landscapes and simultaneously to the creation of new accommodation space, occurred
repeatedly throughout Earth history. The sea-level rise, for example, at the end of
the Pleistocene and in the early Holocene was the prerequisite for the initiation of the
modern deltas. Thus, this example is given to demonstrate the general mechanisms
that still control delta evolution.
The second example from the North Sea Basin highlights how local tectonic movements
during the Jurassic first initiated and later terminated delta progradation. Tectonic
movements, during which large graben structures evolve, mainly act over several mil-
lennia. Hence, this example is not comparable with the evolution of the Holocene deltas
but it is given as a possible future scenario for modern deltas that develop close to ac-
tive plate margins.

The Sydney Basin

The greater Sydney Basin is one of the oldest coal mining regions in Australia. Two
successive delta systems have been identified in the upper Permian of the major coal-
bearing unit, the Illawarra Coal Measures that formed between ca. 263 to ca. 253
million years ago (Bamberry et al., 1995). The older delta system is documented by a
delta body that prograded into a shallow embayment (Bamberry et al., 1995). A large
channel network on the delta plain distributed the sediment load from south-western
and northern sources over a wide area and created various inter-channel bay and lake
settings (Bamberry et al., 1995). The subaquatic part of the delta is characterized by
coarsening-upward sequences that document the progradation of the prodelta, delta
front and shoreface. The continuous aggradation and progradation led to the filling of
the shallow basin. The reduced clastic input during the filling phase promoted the de-
velopment of a peat swamp which became the source for the 2.8 to 3 m thick Tongarra
Coal measures (Bamberry et al., 1995). In the uppermost Permian the rise in eustatic
sea-level flooded this swamp and created the accommodation space for the second delta
system. This younger system differed slightly from the older one in terms of sediment
source and the spatial extent of the delta complex. Only material from northern sources
was incorporated into the delta body resulting in a unidirectional southward prograda-
tion of the system (Bamberry et al., 1995). The wide upper delta plain supported the
development of peat swamps between the distributary channels creating the economi-
cally most important coal deposits in the Illawarra Complex (Bamberry et al., 1995).
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The peat deposition terminated when alluvial fan sedimentation moved southward over
the area and buried the swamp under clastic material (Bamberry et al., 1995).

The North Sea basin

The Brent Delta in the northern North Sea is one of the world’s major hydrocarbon
sources. Shallow marine and deltaic sandstones of mid-Jurassic age form the reservoir
rocks in this system (Bray et al., 1995). The Brent delta system formed between ca.
183 and ca. 165 millions years ago and is closely linked to the tectonic activity of the
Viking Graben and the adjacent North Sea High being related to the global break-up
of Pangaea (Bray et al., 1995). Three phases of delta evolution have been identified
(Bray et al., 1995):

1. Initiation (upper early Jurassic): The uplifting Central North Sea Dome pro-
vided the source material for the sediments that are deposited on the inner shelf.
The subsiding North Viking Graben created the accommodation space for the
subsequent evolution of the delta system.

2. Progradation (lower mid-Jurassic): The rapid progradation into the subsiding
basin created the major delta system. Uneven subsidence in the Viking Graben
led to the channelling of sediments along the graben axis and adjacent areas
received only small amounts of sediment. Sediments in these parts of the basin
were reworked into shoreline sand bodies or were incorporated into peat swamps.
Regional and local tectonic movements shaped the form of the delta sequences;
even and widespread delta branch (lobe) development during regional subsidence
whereas local movements led to the partial retreat of the delta due to the rapid
increase of accommodation space along the North Viking Graben axis.

3. Retreat (mid-Jurassic): A major uplift of the Central north Sea Dome caused ini-
tial backstepping and ultimately cessation of the delta development. The upper-
most associated unit consists of shoreface sands in the Southern Viking Graben.

1.1.2 Delta development in the Holocene

In comparison with other epochs of the Earth history the Holocene is characterized
by a relatively small impact of endogenetic processes. The profound changes in cli-
mate and the glacio-eustatic sea-level rise are the main exogenetic processes that mark
the Holocene and that controlled and still control worldwide delta development. All
modern deltas evolved in the early to mid-Holocene and the following example illus-
trates the sensitivity of delta systems to environmental changes that act over only a
few thousand years. The Mississippi River Delta is the only modern delta where the
morphology is mainly controlled by the sediment input (see Fig. 1.3). During recent
times, however, human impact on the delta plain and the Mississippi River have altered
the sediment discharge affecting the highly dynamic delta evolution. This example is
given to illustrate, that additionally to the exogenetic and endogenetic processes and
factors, anthropogenic influence is increasingly controlling worldwide delta evolution.
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The Mississippi River Delta in subtropical southern North America is widely known
due to its typical “birdfoot” shape with the seven distinguishable lobes (Fig. 1.4a).
This morphology results from the high amount of fluvial sediment that is carried by the
Mississippi River and its tributaries (Coleman et al., 1998). During the Last Glacial
Maximum (LGM, ca. 20,000 years ago) sea-level lowstand, the depocenter of the Mis-
sissippi River migrated towards the shelf edge creating deeply incised valleys on the
shelf (Coleman et al., 1998). These valleys provided the accommodation space which
was filled with sediments during the Holocene sea-level rise and landward movement
of the river’s depocenter. During phases of relatively stable sea-level (such as the mid-
to late Holocene) the delta development was characterized by the following cycle that
repeated itself every 1000 to 2000 years (Coleman et al., 1998):

1. Large sediment discharge and rapid delta progradation.

2. Decrease in river gradient and flow efficiency due to the lengthening of the river
courses during delta progradation leading to decrease in sediment discharge and
thus instability of the delta front.

3. Abandonment of the delta by change of depocenter location (delta switching)
and initiation of reworking of delta sediments leading to shoreline backstepping
(Coleman et al., 1998).

During the Holocene, delta switching led to the abandonment of delta bodies that
covered up to ca. 15,500 km2. The causes for the delta switching are diversions in the
meandering Mississippi River course (Coleman et al., 1998). The diversions occur, when
the river channel gradient becomes too small and the river breaches its levees to use a
course with more favorable hydrodynamic conditions. Inactive deltas are rapidly sub-
siding which leads to local material reworking, regressions and thus permanent changes
in the delta morphology. During the Holocene the delta switched numerous times and
current sedimentation is taking place in two different areas (Fig. 1.4b).

On time-scales shorter than sea-level variations, the Mississippi River Delta is heav-
ily affected by hurricanes and tropical storms. The damage of the foredune system on
the delta plain leads to overwashing that devastates the landward fringing marsh and
swamp systems (Coleman et al., 1998). Thus, climate change, that is suggested to lead
to a more frequent occurrence of stronger hurricanes, could have a heavy impact on
the delta development (Syvitski et al., 2009). The process of delta drowning will be
enhanced by the predicted future sea-level rise that will not be outpaced by the current
rate of aggradation (Syvitski et al., 2009). Additionally, current upstream sediment
trapping in river dams is already causing the gradual slowdown of delta aggradation
and progradation which lead to accelerated drowning due to the naturally rapid sub-
sidence (Blum and Roberts , 2009). The estimated loss of 10,000 - 13,500 km2 of delta
plain by the year 2100 would affect about 2 million people (Blum and Roberts , 2009)
which underlines the vulnerability of the delta system and demonstrates the close links
between variations in climate and delta development.
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1.2 Deltas of the Asian continent

The climate of the Asian continent is controlled by the monsoon, a system that is
characterized by the seasonal alternation of the atmospheric pressure system. The al-
ternation leads to changes in the wind patterns and thus to variations in the amount of
precipitation on the continent as well as to changes in the ocean surface current system
(Allaby and Allaby , 1999) (Fig. 1.5). In opposition to the winter monsoon, the summer
monsoon season is characterized by a northward shift of the Inter-Tropical Convergence
Zone (ITCZ) leading to the transport of moisture-laden air masses onto the Asian con-
tinent (Fig. 1.5). On the continent these air masses encounter topographic rises such
as the Himalaya, its foothills and the Annam Cordillera which induce heavy rainfall
on the windward side of these structures. Especially in the Himalaya, where numerous
long rivers such as the Indus, Ganges-Brahmaputra and Yangtze River originate (Fig.
6), large amounts of material are eroded during the wet season. Approximately 100
to 1,000 million tons of sediment per year are transported by the largest Asian rivers
(Fig. 1.6) (Woodroffe et al., 2006) which enabled the evolution of vast sediment bodies,
commonly termed megadeltas, at the river mouths. All of the megadeltas combined are
home to ca. 255 million people (Woodroffe et al., 2006). Regardless of the problems
that are associated with the annual floods, population and economic growth increased
in the deltas over the last century which presents new challenges for the regions. Con-
tinuous extraction of groundwater and hydrocarbons, upstream sediment trapping in
river dams as well as growing irrigation systems speed up sediment compaction and
thus subsidence which could have catastrophic effects during times of predicted future
sea-level rise (Syvitski et al., 2009; Saito et al., 2007).
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Figure 1.5: Characteristics and major components of the two Asian monsoon seasons and the modern
surface ocean current system in the South China Sea and adjacent areas. (A) The southward shift of
the ITCZ and the development of the Siberian High (not shown) dominate the system during the dry
winter season. (B) The northward shift of the ITCZ leads to the reversal of the general wind direction
which results in the summer monsoon rainfalls. The black lines represent contour lines. Panels (A) and
(B) simplified and redrawn from Wang et al. (2005). (C) Surface currents during the winter monsoon
season and (D) during the summer monsoon season. Panels (C) and (D) redrawn from Morton and
Blackmore (2001).
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Figure 1.6: Map of the largest Asian rivers, their drainage area and their corresponding deltas outlined
in green. The large arrows together with the values illustrate the annual sediment discharge of each
river (in 106 t/year). Summarized and redrawn from Woodroffe et al. (2006).

The Mekong River and its delta

The Mekong River is seen globally as one of the most important natural waterways. It
is tenth largest in terms of total stream length and annual water discharge and ninth
largest in terms of annual sediment discharge (Hori , 2000). From its headwaters in the
Tibetan Himalaya the river flows through six countries making it the longest river in SE
Asia. The river is characterized by a biannually varying water and sediment discharge
that is controlled by the strength and duration of each monsoon season. Between June
and September, about 1,600 mm (the majority of the annual average precipitation) fall
in the tropical lower Mekong River region1 which is followed by a peak in water runoff
between September and November (Hori , 2000). The enhanced water discharge leads
to wide flooding of the land adjacent to the rivers and the Tonle Sap or Great Lake, SE
Asia’s largest permanent freshwater lake. The lake is connected to the Mekong River in
Cambodia (Fig. 1.7a) and during the wet season it increases its area from ca. 250 km2

to up to ca. 15,000 km2 (Kummu et al., 2008).

1The term ”lower Mekong River region” is used here for the Mekong River area South of Stung
Treng (Fig. 1.7), Cambodia, incorporating the Vietnamese and Cambodian Mekong River Delta as
well as the Cambodian Mekong River wetlands.

11



Figure 1.7: The lower Mekong River region. (A) Satellite image of the lower Mekong River re-
gion during the dry season including landmarks mentioned in the text. The black lines mark
the borders between Cambodia, Thailand, Laos and Vietnam. Source: NASA/USGS EROS Data
Center (2009). (B) Topographical maps of the greater lower Mekong River region. Source:
http://www.ngdc.noaa.gov/mgg/topo/globe.html (2009). (C) Topography of the Vietnamese Mekong
River Delta. Redrawn from Ministry of Irrigation (1987).

South of Phnom Penh the Mekong River divides into the Mekong and Bassac rivers
(Fig. 1.7a), that ultimately split into a total of nine tributaries. The area of the first
river division is generally defined as the beginning of the Mekong River Delta (Duc).
The delta is bordered by the Elephant Mountains and the Chaine des Cardamomes to
the northwest and by the southernmost foothills of the Annam Cordillera in the north-
east (Fig. 1.7b). The major part of the delta plain is not elevated above 2 m (relative
to modern sea-level, Fig. 1.7c) which has consequences during the annual floods when
the amount of water discharge exceeds the capacity of the rivers leading to extensive
floods. In particular the northern Mekong River Delta is inundated during up to four
months per year forcing people and livestock to migrate to elevated areas (Hori , 2000).
Along the delta coast inundation of up to 0.6 to 0.8 m is mainly caused by frequently
occurring typhoons during the wet season that are also responsible for strong local ero-
sion of the shoreline (Xue et al., 2009). During the dry season the low river discharge
together with the tidal amplitude of 3.0 - 3.5 m in the South China Sea cause seawater
intrusion along the main river courses up to 50 km upstream (Kolb and Dornbusch,
1975; Mekong River Commission, 2005). This leads to the salinisation of the ground-
water and adjacent soils which in turn has severe effects on the inhabitants and farmed
crops (Matsuno, 1975).
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The formation and development of Asia’s six megadeltas, which includes the Mekong
River Delta, are closely linked to the changes in climate and sea-level that occurred since
the late Pleistocene. Regional differences in coastal and shelf morphology, sea-level
history and amount of sediment input control each delta’s configuration and evolution
on a local scale. In the following, an overview of the regional climate and local sea-
level history is given, in order to clarify the general conditions that prevailed prior,
during and after the mid-Holocene delta initiation. Subsequently, the general evolution
of Asian megadeltas and particularly the development of the Mekong River Delta are
outlined, followed by a summary of the regional palaeoenvironmental development and
the human history of the region.

1.2.1 Climate history since the LGM

Records from throughout E and SE Asia show that, with some local exceptions in
southern China, the late Pleistocene climate was generally drier and cooler than today
(Maxwell and Liu, 2002). The deglaciation induced major changes in climate, mainly
the enhancement of summer monsoon precipitation (Fig. 1.8) that was linked directly
to the postglacial sea-level rise (Griffiths et al., 2009). Flooded shelf areas offered a
larger water surface for sea water evaporation and thus atmospheric water uptake which
caused intensified precipitation (Griffiths et al., 2009). The onset of monsoon inten-
sification, however, is asynchronous throughout the region dating between 13,000 and
11,000 calibrated years before present (cal years BP) (Maxwell and Liu, 2002).

During the mid-Holocene the intensification in summer monsoon precipitation reached
its peak with a maximum in rainfall (the ”Holocene Optimum”, Fig. 1.7). This phase,
however, is again asynchronous throughout the area. For example in China, the earliest
East Asian monsoon maximum is recorded in the NE around 9000 cal years BP whereas
in south-eastern China the maximum occurred at only 3000 cal years BP (with excep-
tions in southern China) (An et al., 2000). The asynchronism is mainly due to natural
variations in the solar radiation which led to a general southward shift of the East
Asian monsoon in the Holocene (An et al., 2000). Around 5000 cal years BP, the onset
of modern “El Niño - Southern Oscillation” (ENSO, see Textbox 2) periodicities is
recorded (Gagan et al., 2004). The magnitude and periodicity of the ENSO system has
been shown to partly control rainfall, for example, in north-western Thailand (Buckley
et al., 2007), northern Vietnam (Sano et al., 2009) and is responsible for temperature
anomalies in the South China Sea (Chao et al., 1996; Yu et al., 2006) which underlines
its importance for the SE Asian climate pattern.

The late Holocene general summer monsoon weakening in E and SE Asia (Fig. 1.7) is
interrupted by a short-term decrease in monsoon precipitation around 4400 to 3800 cal
years BP (Maxwell and Liu, 2002) (Fig. 1.7). The reasons for this ”event”, however,
remain unclear. The ”event” is followed by an abrupt increase in ENSO magnitude
around 3000 cal years BP reflecting an enhanced connection between the Southern Os-
cillation and the generally more southerly position of the ITCZ during the late Holocene
(Gagan et al., 2004). Younger global climate excursions that have been recognised in
the northern latitudes (e.g. the Little Ice Age, LIA) also affected SE Asian climate. In
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some parts of SE Asia severe draughts being linked to strong El Niño phases, have been
recorded for the LIA period (Grove and Chappell 2000). During the last 500 years,
strong El Niño events, however, showed no or only very local impacts on precipitation
over SE Asia and not more than 55-75% of E Asian monsoon droughts coincide with
El Niño events (Grove and Chappell , 2000).

Textbox 2: Southern Oscillation and El Niño

Southern Oscillation: A fluctuation of the intertropical atmospheric
circulation, in particular in the Indian and Pacific oceans, in which air moves
between the SE Pacific subtropical high and the Indonesian equatorial low,
driven by the temperature difference between the two areas. The general
effect is that when pressure is high over the Pacific ocean it tends to be low
in the Indian ocean, and vice versa. The phenomenon is strongly linked to El
Niño.

El Niño: A warm-water current which periodically flows southwards along
the coast of Ecuador. It is associated with the Southern Oscillation (these
effects are collectively known as an El Niño-Southern Oscillation, or ENSO,
event) and with climatic effects throughout the Pacific region. Approximately
once every seven years, during the Christmas season, prevailing trade winds
weaken and the Equatorial countercurrent strengthens. Warm surface waters,
normally driven westward by the wind to form a deep layer off Indonesia, flow
eastwards to overlie the cold waters of the Peru current.

Cited from Allaby and Allaby (1999)

1.2.2 Sea-level history since the LGM

During the LGM, sea-level was around 120 m below its modern level (Hanebuth et al.,
2009) (Fig. 1.9a). Vast shelf areas, such as the Sunda and Sahul Shelf being parted by
the Indonesian/Philippine Archipelago (Fig. 1.10), were exposed and thus influenced
the flow pattern of regional and global ocean currents. For example, the global conveyor
belt, that flows as a warm stream from the Pacific westwards through the archipelago
(Indonesian Throughflow), was forced through the narrow Makassar Strait and Timor
Passage which slowed the water masses considerably (Kuhnt et al., 2004). At the end
of the Pleistocene, the melting of the glaciers led to the rapid sea-level rise (Fig. 1.9a)
that flooded the shelf areas.
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Figure 1.9: Sea-level curves for SE Asia. The grey envelope accounts for the error bars of each curve.
(A) Course of the sea-level on the western margin of the South China Sea since the LGM. The grey
box marks the time span of focus in the two subsequent panels B and C. Redrawn from Tanabe et al.
(2006). (B) Characteristics of the mid-Holocene sea-level highstand and subsequent fall to its modern
level in the Mekong River Delta region. Redrawn from Ta et al. (2002b) (C) Continuous sea-level rise
without a mid-Holocene sea-level high stand in the Pearl and Yangtze River Delta regions. Redrawn
from Zong (2004).
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Figure 1.10: Map of the Indonesian/Philippine archipelago, the Makassar Strait and Timor Passage
parting the Sunda and Sahul shelves. The dark grey areas mark the shelf regions that were exposed
during the LGM (the black line is the -120 m contour line and corresponds to the palaeoshoreline).
The large arrow illustrates the course of the Indonesian Throughflow which forms the major part of
the global conveyor belt in this region. After Voris (2000).

The mid- to late Holocene sea-level history of E and SE Asia differs locally due to
hydro-isostatic and tectonic effects (Zong , 2004; Woodroffe and Horton, 2005). For
some regions like the Red, Mekong and Chao Phraya River Delta area, a mid-Holocene
sea-level highstand of 2 - 4 m above modern level has been recorded (Ta et al., 2002b;
Tanabe et al., 2003a,b) (Fig. 1.9b). For the Pearl and Yangtze River Delta regions,
however, the late Holocene sea-level rises gradually towards its modern level without a
sea-level highstand (Zong , 2004) (Fig. 1.9c). The consequence of this disparity is that
local rather than regional sea-level curves are important to correctly asses each delta’s
evolution.
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1.2.3 Holocene delta formation

The majority of modern megadeltas share a common younger geological history. The
characteristics of this evolution vary depending on the previously outlined factors but
a general development can be summarized (Fig. 1.11) (Woodroffe et al., 2006):

• Ca. 8000 years BP: initiation of delta evolution when postglacial sea-level rise
decelerated (Hori and Saito, 2007; Stanley and Warne, 1994; Woodroffe et al.,
2006).

• Early delta sedimentation could not outpace the still rising sea-level causing ret-
rogradation, in many deltas the phase of the transgression is documented by
mangrove deposits that moved with the landward migrating shoreline (Step 1 in
Fig. 1.11) (Woodroffe et al., 2006).

• Ca. 7000 to 6000 years BP:

– The rising sea-level reaches a level close to modern values or rises above it
to the mid-Holocene highstand (see 1.2.2).

– The maximum flooding and thus most landward position of the shoreline
often marked by mangrove deposits, the shoreline designates the landward
edge of the subsequently evolving delta.

– The river discharges into an estuarine embayment.

– Delta sedimentation is mainly aggradational during the decelerated rise and
changes into progradation as soon as sea-level stabilizes (Steps 2 and 3 in
Fig. 1.11), (Saito et al., 2001; Hori et al., 2004; Woodroffe et al., 2006;
Tamura et al., 2009).

• Continued progradation and aggradation of the delta during relatively constant
or slightly falling sea-level (Step 3 in Fig. 1.11) (Biswas , 1973; Geyh et al., 1979;
Tjia, 1996; Hori et al., 2004; Woodroffe et al., 2006; Bird et al., 2007).
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Figure 1.11: Scheme of the general Holocene delta evolution of the E and SE Asian megadeltas. Light
brown colors represent deltaic sediments that deposit on top of the late Pleistocene land surface (dark
brown colour). Step 1 illustrates the situation during the postglacial sea-level rise at the time of delta
initiation. Delta sedimentation does not outpace sea-level rise leading to retrogradation of the system.
Step 2 marks the mid-Holocene sea-level highstand during which most system show aggradation of
sediments. Step 3 represents the late Holocene delta progradation and aggradation. Redrawn from
Woodroffe et al. (2006).

Mekong River Delta evolution

During the LGM sea-level lowstand (see 1.2.2), the Mekong River incised deeply into the
Sunda Shelf, discharging directly on the shelf edge (Fig. 1.10) (Morton and Blackmore,
2001). As outlined above, at the end of the Pleistocene sea-level rose rapidly and flooded
the shelf areas which led to the retreat of the coastline and thus the river mouth. The
sea-level rise is recorded by changes in sedimentation environment and thus patterns
in two different areas of the modern Mekong River Delta, the south-eastern part and
the northernmost area in Cambodia. Deposits in an incised valley in the south-eastern
Mekong River Delta area show the transformation of marsh and tidal flat sediments into
estuarine deposits between ca. 11,000 and 9000 cal years BP (core BT2 in Fig. 1.12a)
(Ta et al., 2001b). In the Cambodian part of the Mekong River Delta, a fluvial system
with tidally influenced channels and flood plains shifted into a tidal environment around
8500 cal years BP (Tamura et al., 2009).
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Figure 1.13: Scheme of the early to mid-Holocene shoreline development in the northern Mekong River
Delta. (A) The fluvial system during the postglacial sea-level rise. (B) The postglacial transgression of
the South China Sea into southern Cambodia. Sediments in the area record a tidal flat with mangrove
peat deposits. (C) The maximum flooding of the area which creates the most landward part of the
delta body. (D) The initiation of the delta progradation during decelerated sea-level rise. Ages in the
legend are given in kyrs BP. The black box in the area map on the left defines the region shown in A to
D. The black dot in A to D marks the position of Phnom Penh, Cambodia. The dotted line represents
the modern border between Cambodia and Vietnam. Redrawn from Tamura et al. (2009).

The oldest sediments that are related to the Mekong River Delta body are ca.
8000 year old intertidal sequences consisting of laminated sand with mud drapes and
mangrove peat layers that deposited in southern Cambodia (Tamura et al., 2006, 2009).
Prior to the accumulation of these sediments, a short and rapid sea-level rise is doc-
umented in various records from E and SE Asia and is linked to the final collapse of
the Laurentide Ice Sheet as well as the catastrophic drainage of glacial lakes around
8500 cal years BP (Hori and Saito, 2007; Bird et al., 2007). In the area of the Mekong
River Delta the sea-level jump led to the transgression of the South China Sea into
southern Cambodia (Fig. 1.13). Subsequently, the substantial deceleration of sea-level
rise promoted the initiation of delta sedimentation (Hori and Saito 2007) (Fig. 1.13).

Initial sedimentation, however, did not outpace the continued sea-level rise to the
mid-Holocene highstand of ca. 2.5 m around 5700 cal years BP (see Fig. 1.9b) (Ta et al.,
2002b). Only after about 5700 cal years BP the falling sea-level together with the large
fluvial sediment input led to the progradation of the Mekong River Delta into the South
China Sea (Fig. 1.12a) (Nguyen et al., 2000; Ta et al., 2002b). In the southern parts
of the modern Mekong River Delta, the delta progradation is documented by sediment
cores which record the deposition of the following sequence:

1. Prodelta sediments: coarsening-upward succession of finely laminated, silty clay
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to fine sand.

2. Delta front deposits: intercalated silt, sandy silt and fine sand with current ripple,
lenticular and wavy bedding structures.

3. Sub- to intertidal flat sediments: intercalated sandy silt and sand with lenticular
and discontinuous parallel lamination.

4. Delta plain deposits: sandy mud to fine sand with abundant mica flakes and plant
remains (Fig. 1.12b) (Ta et al., 2002a).

Around 3000 cal years BP the rate of progradation slowed down from 17-18 m/year
to 13-14 (Ta et al., 2001b) or ca. 16 m/year (Xue et al., 2009). Simultaneously, the
mainly tidally controlled delta morphology changed into a wave- and tide-influenced
one (Ta et al., 2001b, 2002a,b). This change is reflected in the formation of numer-
ous distinct beach ridges on the modern delta plain (Fig. 1.12b) and the change in
morphology of the subaquatic part of the delta (Xue et al., 2009). The reduction in
progradation rate is mainly due to enhanced south-westward sediment dispersal by
strong currents that prevail mainly during the dry winter season (see Fig. 1.5c) (Ta
et al., 2001b). Today, the delta progrades unevenly with a minimum progradation of
0.02-0.03 m/year into the Gulf of Thailand (Xue et al., 2009), an average advance of
ca. 13-14 m/year into the South China Sea (Ta et al., 2001b) and a maximum progra-
dation of ca. 26 m/year along the south-westernmost tip (Xue et al., 2009). In the
south-western part of the delta, however, some parts of the shoreline undergo erosion
(Hoa et al., 2007; Xue et al., 2009; Tamura et al., in press) showing the instability of
the delta system.

1.2.4 Palaeoenvironmental development of the lower Mekong River region
since the LGM

The palaeoenvironmental history of the lower Mekong River region is only partly under-
stood. To outline some general trends in vegetation development, palynological records
from the South China Sea and Cambodia will be summarized (Fig. 1.14).

During the LGM sea-level lowstand the exposed southern Sunda Shelf was covered
by tropical lowland rainforest (Moraceae, Meliaceae, Sapindaceae and many others)
reflecting either relatively cool (Wang et al., 2009) or present day type (Sun et al.,
2000) humid conditions. In river valleys marshy vegetation (Cyperaceae, Bambusa)
prevailed (Wang et al., 2009). Palm trees and tree ferns fringed the marshy areas and
formed a transitional zone to the adjacent forests (Wang et al., 2009). The transition
of the late Pleistocene into the Holocene and thus more humid conditions is reflected
in a fast vegetation shift at numerous sites. In NE Cambodia a change from cool and
dry vegetation types to more tropical vegetation has been observed (Maxwell , 2001).
Mountainous regions previously covered by tropical highland vegetation (mainly Litho-
carpus, Castanopsis) and lowland areas vegetated by semi-evergreen forest (mainly
Dipterocarpaceae) recorded an increase in semi-evergreen and evergreen forest (e.g.
Lagerstroemia, Ficus) (Maxwell , 2001). During the Holocene many locations in the
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Figure 1.14: Location of the palynologi-
cal sites discussed in the text. Modern
country borders are shown for orientation.
The -120 m contour line illustrates the
shelf break and corresponds to the shore-
line during the LGM.

lower Mekong River region and adjacent areas show the continuation of this early
Holocene trend. In NE Cambodia the dense semi-evergreen forest continued to expand
and subsequently developed a more diverse understorey vegetation (mainly Diospyros,
Palmae) (Maxwell , 2001).

The mid-Holocene monsoon maximum is recorded by the enhanced presence of ev-
ergreen forest (e.g. Calamus, Moraceae/Urticaceae) in NE Cambodia (Maxwell , 2001).
Subsequently the decrease in summer monsoon strength led to an increase in distur-
bance taxa (i.e. plants that follow landscape disturbance e.g. by fire; here Trema,
Poaceae) and dry forest (e.g. Careya, Crypteronia) (Maxwell , 2001). After 2500 14C
years before present climate-driven changes in vegetation are masked by the onset of
human fire activity (Maxwell , 2004). In central Cambodia, in the area of the Tonle Sap,
an early to mid-Holocene swamp forest community surrounded the lake and the near-by
rivers were fringed by mangrove forests (dominated by Rhizophora, Sonneratia, Nypa)
(Penny , 2006). The mid-Holocene monsoon maximum is not recorded in this area but
the increase in grasses, disturbance taxa (e.g. Macaranga) and fire-tolerant taxa (e.g.
Pinus) as well as charcoal particles is interpreted as an increase in seasonality from the
mid-Holocene onwards (Penny , 2006). Subsequently, the modern, seasonally flooded
forest dominated by the swamp trees Barringtonia acutangula and Diospyros cambodi-
ana developed and is still present in the area. In southern Cambodia, around the ar-
chaeological site of Angkor Borei, the abundance of mangrove pollen (Bruguiera, Nypa,
Sonneratia, Xylocarpus) shows that river-fringing mangrove forests were also present in

23



this area around ca. 4000 14C years (Bishop et al., 2003). The adjacent landscape was
covered by a regularly burnt grassland vegetation (Bishop et al., 2003). A major change
in vegetation composition occurred around 1500 14C years before today when grassland
vegetation was replaced by swamp vegetation (Combretaceae/Melastomataceae) and
disturbance/regrowth taxa (e.g. Macaranga) (Bishop et al., 2003). This shift in veg-
etation, however, was probably due to changes in land use at the site rather than
changes in the hydrological regime (Bishop et al., 2003). A study covering the general
Vietnamese part of the Mekong River Delta describes an early Holocene mangrove (Rhi-
zophora) coverage with a subsequent development of brackish and freshwater vegetation
during the late Holocene sea-level fall (Nguyen, 1993). The presented records, however,
have not been dated which is problematic for their chronological interpretation and the
shown pollen records are very basic, preventing a more detailed vegetation reconstruc-
tion. A second study from the eastern Vietnamese Mekong River Delta describes a
mid-Holocene mangrove forest in the area that is followed by two younger mangrove
phases between 5400 to 4500 (NE delta) and 1700 to 400 (Can Gio area) cal years BP
(Fujimoto et al., 2008). The authors, however, do not distinguish between mangrove
and freshwater swamp peat deposits which is problematic for this interpretation.

Studies on the inventory of the modern vegetation in the lower Mekong River region
are still scarce. One detailed survey of the vegetation northeast of the delta has been
carried out in the mid-20th century illustrating a rich tropical flora with diverse forest
communities, grassland and swamps (Schmid , 1974). Similar work for the Mekong
River Delta is missing since the majority of the delta plain has been converted into
agricultural land and large parts of the vegetation have been destroyed during the second
Indochina War (Hong and San, 1993; Duc). Only freshwater swamps and wetlands
in the northwest and -east still contain parts of the indigenous vegetation (Poaecae,
Cyperaceae, Myrtaceae, Marsileaceae and on higher grounds Dipterocarpaceae) (Duc).
In the southern parts of the delta a narrow band of mangrove forest vegetation marks
the remnants of the formerly widespread mangrove community. The composition of the
mangrove forest differs substantially along the coast of the Mekong River Delta due to
varying amounts of freshwater input and substrate texture. Two studies, one in the
Can Gio Natural Reserve and one in the southern provinces of the delta, mapped the
distribution of mangrove genera within the mangrove forest (Hong and San, 1993; Hong ,
2000). The brackish water community in Can Gio is mainly represented by Sonneratia,
ferns, evergreen trees, sedges, palms and liana (Fig. 1.15). With increasing saltwater
influence the community becomes less diverse and is represented by Rhizophoraceae
with palms, ferns and liana at the landward edge of the forest (Fig. 1.16). On the
contrary, the estuarine succession in Ben Tre, southern Mekong River Delta, is relatively
poor and mainly Avicennia, Rhizophoraceae and few ferns and palms are recorded from
the area (Fig. 1.17). During the second Indochina War (1959 to 1975) as well as in the
course of the current intensification of land use, mangrove forests were destroyed and
reforestation of mangrove communities is restricted to a few natural reserves (Hong ,
2000). Studies in the modern mangrove forests aim to catalogue the diversity of these
communities and are used to raise awareness to protect this highly vulnerable habitat
(Hong , 2000).
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1.2.5 Human migration and colonization of deltaic landscapes

The following summary provides only a brief and general overview of the human history
in the region and is not attempting to give a complete review of the archaeological
research conducted in SE Asia.
The early to mid-Holocene climate amelioration is discussed to be the major prerequisite
for the emergence of agricultural systems in E and SE Asia (Kealhofer , 2002; Bellwood ,
2007). Increasing population growth in favorable coastal zones led to cultural pressure
which pushed people into marginal zones in search of food supplies (Bellwood , 2007).
The new land available as a result of delta evolution offered fertile soils for settlement
and cultivation which made the deltas key areas for the Holocene human history.
The Yangtze River region is widely accepted to be the homeland of rice agriculture,
starting about 7000 BC (Higham and Lu, 1998; Mannion, 1999; Bird et al., 2004;
Bellwood , 2007) and reaching the Yangtze River Delta area by 5000 BC (Higham and
Lu, 1998; Atahan et al., 2007) (Fig. 1.18). Domesticated rice, the most important crop
in modern Asia, became increasingly important in south and east Asia, being cultivated
for example in the Pearl River Delta by about 3000 BC (Bellwood , 2004, 2007) and in
the Red River Delta by about 1500 BC (Glover , 1985) (Fig. 1.18). Settlement took
place mainly in slightly elevated areas like sandy ridges or rocky outcrops (Higham,
2002). In some regions, however, people initially settled only along the delta’s fringe or
in marginal areas since the central parts were too swampy and the necessary irrigation
techniques were still lacking (e.g. central Chao Phraya and southern Mekong River
Delta (Stark , 2006)).
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Figure 1.18: Map illustrating the earliest dates of rice agriculture in E and SE Asian megadeltas.
Summarized from Bellwood (2007); Higham and Lu (1998).

Additionally, deltas were important strategic areas in the regional and worldwide
trading routes. The maritime Silk Route linking China with ports in Europe via the
Red River, Irrawaddy and Ganges-Brahmaputra Delta experienced more frequent use
when the main silk production centers in eastern Asia shifted into the lower Yangtze
River Delta by AD 960-1279 (Debin, 1998). One of the most important prehistoric
centers of trade and agriculture, the state of Funan, was located in the lower Mekong
River region.

The lower Mekong River region

Human occupation of the lower Mekong River region and adjacent areas reaches as far
back as the late Pleistocene, the period of hunters and gatherers termed Hoabinhian
in SE Asia (Higham, 2002; Stark , 2004) (see Table 1.1). Numerous archaeological sites
in the southern end of the Annam Cordillera and the cave site Laang Spean in western
Cambodia (Fig. 1.19) document the early human exploitation of lakes, streams and
forests for fish, reptiles, birds and mammals (Higham, 2002).

The transition into the Holocene marks the beginning of the Neolithic period,
characterized by the first appearance of earthenware pottery and agriculture (Higham,
2002; Stark , 2004). Three sites (Cu Lao Rua, Cau Sat and Ben Do) in the Dong
Nai River valley in southern Vietnam (Fig. 1.19) document the first occupation of
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Figure 1.19: Location of the archaeologi-
cal sites mentioned in the text. Modern
country borders are shown for orientation.

the area around 2500 to 2000 BC (Higham, 2002). The settlers probably exploited
freshwater as well as marine resources for fish and shellfish (Higham, 2002). In the
hinterland along the Vam Co Dong River of the eastern Mekong River Delta three
Neolithic sites are known so far (Nishimura and Nguyen, 2002). The most prominent
one, An Son (Fig. 1.19), is a mound site where shells from brackish water molluscs were
found documenting the exploitation of coastal resources (ca. 2000 to ca. 1000 BC)
(Nishimura and Nguyen, 2002). Further finds include rice husks that were used during
the manufacturing of on-site pottery implying the presence of domesticated or wild rice
(Nishimura and Nguyen, 2002). Bone evidence from domesticated pigs show that An
Son was a sedentary agriculture-based settlement (Diem et al., 1997).

Around 1500 BC the advancement of knowledge and technology enabled people to
abundantly produce bronze, the alloy of copper and tin, marking the beginning of the
next period, the Bronze Age. Settlements became more numerous in the Dong Nai
valley and archaeological work revealed that on-site manufactured Bronze and ceramic
products show similarities to the pottery and spears found at sites along the Mekong
River system. The similarity suggests that the rivers were used to exchange technology,
knowledge and goods (Higham, 2002). The advances of this period were also used to
claim and manage land in the more mountainous areas such as the Annam Cordillera.
Sites centred around Pleiku (Fig. 1.19) show rice cultivation that was formerly restricted
to lowland areas (Higham, 2002).
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The improvement of technology and the introduction of a new metal marked the be-
ginning of the Iron Age that commenced ca. 1000 BC (Higham, 2002). Numerous sites
in Cambodia and in the Dong Nai valley are known from this period and exotic beads
found in sites in central Cambodia imply that long-distance trading routes had been
established by this time (Higham, 2002). Pottery remains from sites in the Dong Nai
valley document that areas unsuitable for agriculture were used for specialized pottery
production (Nishimura and Nguyen, 2002). The coastal site of Giong Lon (Fig. 1.19)
is an outstanding settlement within the Dong Nai valley assemblage. Jade remains
show that this settlement was part of one of the most extensive, prehistoric, sea-based
networks connecting Taiwan, the Philippines, east Malaysia and peninsular Thailand
(Hung et al., 2007). In the Mekong River Delta the sites of Co Son Tu and Rach Rung
(Fig. 1.19) were also pottery producing settlements and the use of rice husk temper
imply at least the consumption of rice at the sites (Diem et al., 1997; Nishimura, 2003).
The site of Go O Chua in the northernmost Mekong River Delta (Fig. 1.19) is excep-
tional within this context. The late Bronze to early Iron Age site contains ceramics,
that potentially have been used during salt production, which would make this place the
center of the first large-scale salt production in SE Asia (Reinecke and Nguyen, 2008).
Ongoing archaeological debate, however, questions the use of the ceramics during salt
production. The controversy is due to the shape of the pottery, that is generally of
cylindrical with three finger-like protrusions on one end and a cup-like feature on the
opposite end. Due to the disparity, the pottery can be used in two orientations, either
with the finger-like protrusions or the cup-shaped end at the top and thus for different
purposes.

The continuing specialization of craft, centralization of wealth and power as well
as the advances in technology led to the Development of states (onset around 1st
century BC to 1st century AD) that emerged out of late Iron Age chiefdoms (Higham,
2002). This period marks the transition from pre-history into history and is charac-
terized by the appearance of walled cities, large religious monuments and a writing
system (Higham, 2002). All advances originate from an intensified trade connection
with India and later China (Higham, 2002). The earliest of the SE Asian states was
centered in the upper Mekong River Delta and its adjacent areas. Angkor Borei and
Oc Eo (Fig. 1.19) formed the centers of Funan, a ”Delta Trading state” that flourished
from the 1st to 6th century AD (Higham, 2002). Angkor Borei was first occupied in
the ca. 4th century BC and was a large religious center where the management of the
annual floods allowed for intensive rice farming (flood-recession farming i.e. trapping
flood water in artificial reservoirs for release during the dry season) (Higham, 2002). A
network of long canals connected Angkor Borei with Oc Eo, a port with the earliest
occupation dating back into the 2nd century AD (Higham, 2002). Excavated granite
foundations in Oc Eo imply the former presence of a large temple and pottery finds,
jewelery and other goods document a trading connection with the Chinese, Indians and
Romans (Higham, 2002). Oc Eo and Angkor Borei were strategically positioned. On
the one hand their location enabled the state of Funan to participate in the southern
maritime Silk Route, that connected ports in central Vietnam and southern China via
the Strait of Malacca with ports in India and the Roman Empire (Higham, 2002). On
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the other hand, these two cities could control the goods coming down the Mekong River
from its fertile and wealthy hinterland (Higham, 2002). Besides these two centers of
Funan, numerous other settlements flourished in this period. Go Thap, a site that
contains numerous Buddhist and Hindu statues and Go Hang, where etched agate and
carnelian beads were found, document the far-reaching Indian influence (Nguyen, 2001;
Higham, 2002). The decline of Funan is most likely due to changes in the maritime
trade routes and the rise of Sumatra as powerful trade node (Stark , 2004).

The demise of Funan was paralleled by the strengthening of inland sites leading
to the establishment of Chenla, an agricultural state including large areas in central
Cambodia and southern mainland Thailand along the Mekong River (Higham, 2002).
The biggest and most advanced state, however, was Angkor, the Khmer empire (AD
802 - 1431) emerging from Chenla and being centred in the area north of the Tonle Sap
(Higham, 2002). Angkor unified the whole of Cambodia as well as parts of Vietnam,
Laos and Thailand and was a powerful state that transformed large areas into farming
land for wet-rice cultivation (Stark , 2004). Its population relied heavily on trade and
agriculture which in turn based on a network of water control structures (Stark , 2004).
At the time of Angkor’s maximum wealth and importance, Angkor’s center, Angkor
Wat (Fig. 1.19), was the most extensive city of its kind in the pre-industrial world
and it still contains the largest religious monument in the world (Stone, 2006). The
reasons for the decline of the empire is still controversially discussed. Causes such as
the takeover by Thai neighbours, the siltation of the irrigation system (Stark , 2004) as
well as a decade-long drought, environmental degradation due to overcultivation and
the collapse of its infrastructure that was not flexible enough to react to the growth of
the cities are among the main possibilities for the decline (Stone, 2006).

After the fall of Angkor the history of the lower Mekong River Region becomes very
complex and localized. Hence, only the younger history of the Mekong River Delta, the
study area, will be summarized here. In the 17th (Stark , 2004) to mid-18th century AD
(Tanaka, 2001) modern Vietnamese and later French occupants started to take control
in the formerly Khmer-ruled delta. The land was seized mainly by the excavation of
numerous canals that were used for transport, maintaining security and managing the
water balance (Tanaka, 2001). One of the side effects of this water regulation system
was the emerging possibility to use the land for rice farming. Large-scale rice cultivation
started in the central delta between the two major branches of the Mekong and Bassac
rivers (Tanaka, 2001). By the 1930s most parts of the delta were under cultivation
except for the Plain of Reeds (in the NE of the delta) and the Broad Depression (in
the SW of the delta) (Tanaka, 2001). Only after the end of the second Indochina War
in 1975, were these two areas were claimed for rice farming (Tanaka 2001).
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SE Asian time
periods

Dates
(BC/AD)

Cultural development

Late Hoabinhian
and early Neolithic

ca. 5200 to
2500 BC

Late Palaeolithic, terminal and post-
Pleistocene life based on a mobile hunting
and gathering with some more sedentary
settlements along the coast

Neolithic
and Bronze Age

ca. 2500 to
500 BC

Introduction of agriculture and more settled
village life, basically with a stone technol-
ogy with bronze working developing from ca.
1500 BC

Early Historic pe-
riod - the Develop-
ment of States

500 BC to
AD 500

Arrival and local development of iron tools
and weapons, development of international
maritime trade especially with South Asia,
Increasing evidence for warfare and tools and
the development of states

Pre-Angkor pe-
riod, states of
Funan and Chenla

ca. AD 500
to 802

Appearance of writing using modified Indian
scripts and first Sanskrit, later old Khmer
language, expansion of early states and in-
terregional conflicts

Angkor period AD 802 to
1431

Consolidation and expansion of Khmer em-
pire, followed by fragmentation and with-
drawal during conflict with emerging Thai
kingdoms

Table 1.1: Temporal framework for the archaeological history of Cambodia and adjacent areas after
Stark (2004)
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Chapter 2

Scope and objectives of this thesis

This thesis is part of a DFG-funded project that developed out of a pilot study in
2003, a project initiated by Dr. Andreas Reinecke from the German Archaeological
Institute and Dr. Till Hanebuth, University of Bremen. The aim of this initial study
was to evaluate the geological history of the area around Go O Chua, an outstand-
ing archaeological site in the north-eastern Mekong River Delta, Vietnam (see 1.2.5,
Figs. 1.19, 2.1). This Bronze to Iron Age site was possibly the largest salt production
center during its active period (ca. 1000 BC to 1st century AD) (Reinecke and Nguyen,
2008). Since rock salt is not available in the region and the deployment of salt plants
can be excluded, only sea water could have been the source for salt (Reinecke and
Nguyen, 2008). According to the only available coastline reconstruction, however, the
sea was about 50 to 75 km south of the settlement (Nguyen et al., 2000) (Fig. 2.1).
The working hypothesis of the pilot project was that the coastline reconstruction was
imprecise in the area and a bight of the South China Sea might have existed in the
area of the modern Vam Co Tay River course (Fig. 2.1). This bay would have provided
access to seawater ca. 3000 years BP. Previous geological work has been carried out in
southern Cambodia (Tamura et al., 2006, 2009) and the southern parts of the Mekong
River Delta (Ta et al., 2001a,b, 2002a,b) but the north-eastern parts of the delta were
left unstudied (Fig. 2.1). The results of this pilot campaign, however, showed that
the sediments around the archaeological site were not suitable to unravel the geologi-
cal history of the area for the period 3000 to 2000 years BP (Proske, 2004; Oberle, 2005).

Following the good experience of a collaboration between archaeological and geolog-
ical scientists and of working with the local Vietnamese partners, a larger project was
designed. The main issue of the previous project remained as a central topic but the
focus was shifted to the whole north-eastern part of the delta and also other archaeo-
logical sites in the area were considered (see 1.2.5). This thesis forms a major part of
the project and concentrates on three main objectives:

Objective 1
Development of a spatial and temporal facies model to characterize the geological
history of the north-eastern Mekong River Delta.
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Objective 2
Reconstruction of palaeovegetation dynamics with a special focus on
(a) mangrove dynamics as a marker for coastline evolution and
(b) the palaeoenvironmental conditions at the time of Bronze to Iron Age colo-
nization including the evaluation of agriculture signals.

Objective 3
Application of geoscientific methods to solve further archaeological questions such
as the orientation of the briquetage of Go O Chua (see 1.2.5).

Figure 2.1: Map of the Mekong River Delta including the study area. The light blue circles in southern
Cambodia mark the core positions of the studies by Tamura et al. (2006, 2009). The dark blue circles
in the southern Mekong River Delta indicate the core positions of the work by Ta et al. (2001a,b,
2002a,b). The red circle signifies the position of the archaeological site Go O Chua. The red and pink
line correspond to the coastline position as reconstructed and interpreted by Nguyen et al. (2000);
age data are given in kyrs BP. The superimposed dark and light purple line indicate the hypothesized
ancient bay of the South China Sea (see text).
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Chapter 3

Material and methods

3.1 Sampling

During two field campaigns in 2007 and 2008 to the north-eastern Mekong River Delta a
total of 42 cores from 23 different locations (Fig. 3.1) were recovered with an Edelmann
and D-section auger. All the cores have been described and divided into units on
site. Sampling of each core was based on the individual core description. Table 3.1
summarizes all processed cores, the applied methods and the publications in which the
cores were used.

Figure 3.1: Map of the study area and core locations of the two field campaigns. The Vam Co Tay,
Vam Co Dong and Mekong River as well as the border between Vietnam and Cambodia are shown for
orientation. The core location RN (Rach Nui) lies east of the delta and is not shown. Abbreviations
of locations: GCT - Go Cat, GN - Go No, GGM - Go Gao Mieu, CC - Cai Cat, TL - Tan Lap, GD -
Go Dung, BH - Bac Hoa, GC - Go Cat, VCT - Vam Co Tay, TH - Tan Hoa, TD - Thuy Dong, TT -
Tan Thanh, THD - Tan Hoa Dong, THT - Tan Hoa Thanh, TA - Tan An, TLD - Tan Ly Dong, TLM
- Tan La Mot, LA - Long An, PT - Phuoc Tan, GGN - Giong Noi, LG - Loc Giang.
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Material Analysis Publication

Grain
size
and
TC

Pollen
and
Spores

Char-
coal

Archaeo-
magnetic

Core CC07-01 X -

CC07-03 X X X -

GGM07-01 X X QI

GGN07-01 X X X QI

GCT07-01 X -

TL07-01 X -

TA07-01 X X X QI, The Holocene

GD07-01 X X X The Holocene

GD07-03 X -

GD07-04 X -

TD08-01 X X X The Holocene

Ceramics 22 samples X
Journal of Archaeo-
logical Science

Table 3.1: Overview of processed cores, applied methods and corresponding publications.
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3.2 Radiocarbon age control

Samples for radiocarbon age dating have been taken on-site and stored separately. The
plant remains, wood or marine mollusc shells were cleaned and submitted for AMS 14C-
dating at the Poznan Radiocarbon Laboratory, Poland. All ages were calibrated using
the terrestrial (intcal) or marine (marine04) calibration set offered by Calib version 5.0.1
(Stuiver and Reimer , 1993). For the marine material an additional local reservoir effect
has been calculated in Calib. This correction factor (ΔR) is based on two calibration
points that are available for southern Vietnam and corrects the age dates for the local
14C reservoir effect. All ages are expressed in their 2σ-range to allow for the variance of
the calibration curve in the covered time span. Uncertainties, however, remain about
the exact reservoir effect because all dated marine shells originate from shallow water
organisms. Since the sedimentation rate in a deltaic environment is highly variable, no
general age model was established.

3.3 Sedimentological methods

For this thesis 11 cores have been selected for processing and five cores were chosen
for publication on the basis of their spatial distribution (Figs.3.1, 3.2). All processed
cores were subjected to the same scheme for grain size, total carbon (TC)-content and
quantitative component analysis (Fig. 3.3). One half of each sample was freeze-dried,
weighed and subsequently wet-sieved over a 63 μm sieve. The particles >63 μm where
sieved further into the sand subfractions (125, 250, 500 and 1000 μm). All the sand
fractions (except for the fraction 63-125 μm where the particles are too small) were
qualitatively and quantitatively analyzed with a stereoscope. For the TC-content anal-
ysis, approximately 1.5 g of the freeze-dried sample was ground and homogenized. For
the LECO-combustion, 1 g of the material was weighed in and subjected to the stan-
dard measurement procedure.
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Figure 3.2: Overview of all processed cores in this thesis. The columnar sections are presented as
depth (meters below surface) versus grain size (mud, very fine sand, fine sand, medium sand, coarse
sand, very coarse sand). Age data are expressed as individual 2σ-range of each calibrated sample. For
positions of the cores see Fig. 3.1.

40



Figure 3.3: Flow diagram of the laboratory methods applied for grain size and TC-content analysis.

3.4 Palynological preparation

Samples of six cores (GGM, TA, TD, GGN, GD07-01, CC07-03) were chosen for pa-
lynological analysis in order to evaluate the palaeoenvironmental evolution. Sample
preparation followed the standard procedure including HCl- and KOH-treatment as
well as acetolysis for all cores and additional HF-treatment for core GGM (Faegri and
Iversen (1989), see Fig. 3.4). The preparation was carried out at the Department of
Palynology and Climate Dynamics, University of Göttingen, Germany. After process-
ing, the residue of each sample was mounted on slides and at least 200 pollen grains
per sample were counted. Fern and fungal spores were counted separately. For iden-
tification various reference publications have been used (Huang , 1972; Thanikaimoni ,
1987; Roubik and Moreno, 1991; APSA Members , 2007). The results are expressed as
percentages of the total pollen sum that included all counted taxa but excluded aquat-
ics and spores. The pollen and spore concentration values (grains per cm3 sediment)
were calculated based on the proportion of Lycopodium spores counted to Lycopodium
spores added (Maher , 1981) and according to the equation:

CPollen/Spore =
(Lyctab/Lyccount) ∗ Sum

V ol

CPollen/Spore= Pollen or spore concentration (grains/cm3)
Lyctab= Number of Lycopodium spores/added tablet, here: ca. 18,583 spores/tablet
Lyccount= Number of Lycopodium spores counted per sample
Sum= Total pollen counted per sample
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Vol= Processed sample volume (cm3)

The pollen diagrams were created with Grapher 5 and pollen zones were defined
using a 50 % and a 10 % threshold of the dominate component (primarily Rhizophora)
based on studies of surface sediments under mangrove communities (Blasco, 1984; Som-
boon, 1990; Hofmann, 2002; Rowe, 2007; Li et al., 2008). The definition of mangrove
zones has to be performed with care. Some genera tend to be over-represented in the
sediment due to their abundant pollen production (e.g. Rhizophora) whereas other gen-
era are often under-represented (Figs. 1.15, 1.16, 1.17) (Blasco, 1984; Somboon, 1990;
Li et al., 2008). For some genera such as Avicennia a proportion of 2 % of total pollen
counted can already be interpreted as “abundant presence” of the genus (Blasco, 1984).

Figure 3.4: Flow diagram of the laboratory methods applied for palynological analysis.

3.5 Macro-charcoal preparation

Samples of five cores (TD, GD, CC, TA, GGN) were chosen for macro-charcoal anal-
ysis, a proxy to evaluate the frequency of natural fires and human landscape burning.

42



Macroscopic charcoal (>125 μm) was favoured over microscopic charcoal since larger
particles are deposited closer to the source (fire) and are not as easily suspended after
deposition (Clark , 1988). The preparation followed the technique used by the Depart-
ment of Archaeology and Natural History, Australian National University, Canberra,
including KOH- and H2O2-treatment and subsequent sieving of the sample (Stevenson
and Haberle, 2005) (Fig. 3.5). After preparation the complete remaining fraction was
counted at 25x magnification under a stereoscope. The results are expressed as charcoal
particles per cm3 sediment.

Figure 3.5: Flow diagram of the laboratory methods applied for macro-charcoal analysis.

3.6 Archaeomagnetic measurements

In order to determine the orientation of the briquetage during utilization a standard
archaeomagnetic technique was applied to 22 samples from five different pottery frag-
ments. Each sample was mounted inside a plastic cube and the natural remanent mag-
netization (NRM) was measured using a 2G Enterprises 755R DC SQUID cryogenic
magnetometer system (noise level ca. 10−12 Am2) located at the Marine Geophysics
workgroup, University of Bremen. By using the instrument’s inbuilt coil-system the
samples were progressively demagnetized in alternating field in 5 mT increments to
50 mT and then in 10 mT increments to a maximum field of 100 mT. During the
NRM measurement the demagnetization to higher fields allowed the quantification of
the characteristic remanent magnetization (ChRM) and its maximum angular devia-
tion (MAD) by using principal component analysis (Kirschvink , 1980). The ChRM
direction is assumed to correspond to the orientation of the ceramics with respect to
the field during their last heating. To evaluate the magnetic mineralogy of the samples
rock magnetic measurements were carried out on smaller sub-samples. The assessment
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of the magnetic mineralogy is important to appraise sample behaviour during demag-
netization and to correctly understand which minerals carry the NRM. Thus, hysteresis
loops and isothermal remanent magnetization (IRM) acquisition were measured to peak
fields of 1 T using the Princeton Measurements Corporation M2900 alternating-gradient
force magnetometer at the Marine Geophysics workgroup, University of Bremen.
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Chapter 4

Manuscripts

4.1 Late Holocene sedimentary and environmental development of the
northern Mekong River Delta, Vietnam

Objective 1
Development of a spatial and temporal facies model to characterize the geological history
of the north-eastern Mekong River Delta.

In order to unravel the geological history of the north-eastern Mekong River Delta and
to close the gap between the studies in southern Cambodia and the southern Mekong
River Delta (see 1.2.3 and Fig. 2.1), ten cores from the first field campaign were analyzed
with sedimentological techniques. Additionally, core GGM was chosen for a simplified
pollen analysis where only the relation of mangrove pollen to non-mangrove pollen was
determined quantitatively. After processing and interpretion, three cores were chosen
for publication due to their spatial distribution in the study area (Fig. 3.1). The analy-
sis and interpretation of the cores allows the assessment of the very early stages of the
Mekong River Delta formation and the connection of the cores from southern Cambodia
with the cores from the southern Mekong River Delta. Furthermore, the assessment of
the regional course of the coastline is possible and adds new information to the debated
work from Nguyen et al. (2000) (Fig. 1.12b).

The article ”Late Holocene sedimentary and environmental development of the north-
ern Mekong River Delta, Vietnam” is currently ”in press” in Quaternary International
and can be downloaded via its doi (10.1016/j.quaint.2009.11.032).
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4.2 The north-eastern Mekong River Delta since the mid-Holocene: Palaeoe-
cological history and implications for prehistoric settlements

Objective 2
Reconstruction of palaeovegetation dynamics with a special focus on
(a) mangrove dynamics as a marker for coastline evolution and
(b) the palaeoenvironmental conditions at the time of Bronze to Iron Age colonization
including the evaluation of agriculture signals.

Following the promising results from core GGM, another five cores were processed for
palynological analysis and three were chosen for publication on the basis of their spa-
tial distribution (Fig. 3.1). Additionally, macro-charcoal analysis was carried out on all
cores. The combination of these proxies enables a palaeoenvironmental reconstruction
of the study area since the mid-Holocene. By applying a simplified age model, based on
the extrapolation of calibrated points in the core, it is possible to assess the palaeoen-
vironment at the time of Bronze to Iron Age colonization. The results also show that
the agricultural activity of these early settlers was low and prehistoric farming was, if
present at all, spatially limited in extent.

The following manuscript has been submitted to the The Holocene on 11.12.2009 and
has been accepted for publication on the 03.05.2010. The final version will be available
for download via the journal.
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Abstract

Three radiocarbon dated sediment cores from the north-eastern Vietnamese Mekong River Delta have 
been analysed with a multiproxy approach (grain size, pollen and spores, macro-charcoal, carbon 
content) to unravel the palaeoenvironmental history of the region since the mid-Holocene. During the 
mid-Holocene sea-level highstand a diverse, zoned and widespread mangrove belt (dominated by 
Rhizophora) covered the extended tidal flats. The subsequent regression and coeval delta progradation 
led to the rapid development of a back-mangrove community dominated by Ceriops and Bruguiera but 
also represented locally by e.g. Kandelia, Excoecaria and Phoenix. Along rivers this community seem 
to have endured even when the adjoining floodplain had already shifted to freshwater vegetation. 
Generally this freshwater vegetation has a strong swamp signature but locally Arecaceae, Fabaceae, 
Moraceae/Urticaceae and Myrsinaceae are important and mirror the geomorphological diversity of the 
delta plain. The macro-charcoal record implies that natural burning of vegetation occurred throughout 
the covered time span, however, the occurrence of the highest amounts of macro-charcoal particles is 
linked with modern human activity.    

Keywords: Vietnamese Mekong River Delta, Holocene, palaeoenvironment, pollen, macro-charcoal, 
modern human impact 

1) Introduction 

The Mekong River Delta in southern Vietnam 
and southern Cambodia is formed by the 
Mekong and Bassac River systems and extends 
over an area of 62,520 km² today (Nguyen et 
al. 2000). The oldest sediments, that are linked 
to the modern delta body accumulated in the 
early mid-Holocene at about 8000 calibrated 
years before present (cal yrs BP) (Tamura et al. 

2009) preceding the mid-Holocene sea-level 
highstand in the South China Sea. In the case 
of the Mekong River Delta (MRD, in the 
following used as abbreviation for the 
Vietnamese part of the Mekong River Delta 
unless stated otherwise, the term “delta” refers 
the Cambodian and Vietnamese Mekong River 
Delta) area, the highstand of  ca. 2.5 to 4.5 m 
above present sea-level lasted from ca. 6000 to 
5000 cal yrs BP (Ta et al. 2002a; Ta et al. 
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2002b). In this phase the coastline was located 
in modern southern Cambodia (Nguyen et al. 
2000, Tamura et al. 2008) and is generally 
referred to as marking the most landward 
margin of the delta body (Woodroffe et al. 
2006). Pollen records as well as peat horizons 
imply that a broad mangrove swamp covered 
the coastal zone in the mid-Holocene (Penny 
2006, 2008; Tamura et al. 2009). The 
subsequent regression together with a large 
sediment discharge (since 3000 cal yrs BP: 
144±36 million t year-1, Ta et al. 2002) enabled 
the fast progradation of the MRD (Nguyen et 
al. 2000). 

Today the delta is one of the megadeltas in 
Asia that is intensively used for agriculture, 
forestry and fishery by 17 million people 
(Mekong River Commission 2005). The 
agricultural use of the delta plain has a long 
history but the large-scale, intensified rice 
farming by the Vietnamese, that form the 
majority of the population in the MRD today, 
started in the 17th century (Biggs 2003). 
Together with Chinese settlers Vietnamese 
people started to migrate into the relatively 
sparsely populated delta area and expanded the 
rice paddies during the 1600s (Biggs 2003; 
Biggs et al. 2009). Until the 18th century, 
however, agriculture centred along large rivers 
and creeks (Biggs 2003). With the major canal 
excavations in the 18th and 19th century the 
water balance on the MRD plain became easier 
to control and opened new areas for settlement 
and agriculture (Kono 2001; Biggs 2003). 
Some marginal swamp areas like the Dong 
Thap Muoi (or Plain of Reeds, Fig. 1) 
remained widely uninhabited until after 1975 
when further canal excavations promoted the 
development of extensive rice cultivation 
(Nguyen et al. 1998; Kono 2001; Tanaka 
2001).  

The palaeoenvironmental development of the 
MRD has been the focus of only few studies so 
far. In the western and southern parts of the 
MRD, the change from mid-Holocene 
mangrove to late Holocene freshwater 
vegetation varied temporally and spatially 
(Nguyen 1993). According to Nguyen (1993) 
the major factors for this variance are local 
differences in topography, water balance and 
substrate. In the north-eastern MRD, however, 
the palynological signal in the sedimentary 
record implies that mangroves seem to have 
vanished relatively abruptly (Proske et al. in
press). However, some saltwater-tolerant 
vegetation, in particular back-mangrove 
communities,  could have prevailed longer in 
the area mainly along major rivers (Fujimoto et 
al. 2008). During the late Holocene, 
indigenous freshwater vegetation was at least 
in parts dominated by a tropical forest as the 
discovery of large tree stumps implies (Sterling 
et al. 2006). This forest would certainly 
resemble the forest types adjoining the modern 
delta: a mix of evergreen, semi-evergreen 
(dominated by Lagerstroemia), deciduous and 
coastal forests that are often dominated by 
Dipterocarpaceae (Schmid 1974, 1989; Duc 
2006; Sterling et al. 2006).  

With the conversion of the land for large-scale 
occupation and agriculture the indigenous 
vegetation became restricted  to very local 
patches (Tanaka 2001). Besides the cultivated 
areas that are mainly covered by rice (Oryza 
sativa japonica), sugarcane (Saccharum 
officinarum), pineapple (Ananas comosus), 
coconut (Cocos nucifera) and banana (Musa × 
paradisiaca) (Hori 2000), three main forms of 
natural vegetation remain in the modern MRD: 
freshwater swamp forest and freshwater 
grasslands (U Minh region, Plain of Reeds and 
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Ha Tien Plain) as well as mangrove (along 
major parts of the coast) (Sterling et al. 2006).  

An overview over the major relevant 
freshwater families and their habitat is given in 
Table I. The modern freshwater swamp forests 
are most common in the Plain of Reeds where 
the permanently water-logged soils offer ideal 
conditions for the dominant tree Melaleuca
cajuputi (Sterling et al. 2006). These forests 
are adjoined by swamps and grasslands that 
include grasses (particularly Echinochloa crus-
galli, Eriochloa procera,  Oryza rufipogon), 
sedges (mainly Cyperus elatus, Cyperus 
polystachos, Eleocharis dulcis), ferns (e.g. 
Marsilea minuta), aquatic plants 
(predominantly Nelumbium nelumbo, 
Nymphaea sp.) and Melaleuca leucodendron. 
On elevated areas (e.g. levees) Lagerstroemia 
speciosa, Ficus microcarpa, Elaeocarpus sp., 
Morinda persicifolia as well as 
Dipterocarpaceae can be found (Duc 2006). 
Along major rivers smaller stands of e.g. 
Barringtonia acutangula, Terminalia chabula, 
and Diospyros cambodiana are observed (Duc 
2006).  

The composition of the mangrove community 
varies depending on the amount of freshwater 
input. An overview of mangrove genera and 
their appearance within the different zones of 
the mangrove forest is given in Table II 
(Schmid 1974; Hong and San 1993; Tomlinson 
1994; Hong 2000). Generally, the estuarine 
successions are dominated by Sonneratia, 
Avicennia, Rhizophora, Ceriops, Bruguiera, 
Phoenix paludosa and the fern Acrostichum 
aureum but can additionally host Acanthus 
ilicifolius,  Flagellaria indica, Melastoma 
polyanthum and Dalbergia candenatensis. 
(Hong and San 1993; Hong 2000). The 
saltwater successions are dominated by 

Sonneratia, Rhizophora, Xylocarpus, Ceriops, 
Avicennia, Excoecaria agallocha and Phoenix 
paludosa (Hong and San 1993; Hong 2000). 

This paper presents three sedimentary 
successions showing the palaeoenviron-mental 
development of the north-eastern MRD in the 
last ca. 8000 years. It also addresses the 
regional diversity of the vegetation and 
mangroves in particular and it documents the 
impact of modern human settlement on the 
regional environment.  

2) Study area 

The north-eastern part of the MRD (Fig. 1) is 
only elevated 0.5 to 1.5 m above modern sea-
level (Nguyen et al. 1998; Duc 2006) which 
has consequences on the water balance, soil 
characteristics and thus vegetation. Generally 
the water balance in the delta is controlled by 
river discharge (varying seasonally with high 
discharges during the summer monsoon) and 
the tidal amplitude of 3.0 -3.5 m in the South 
China Sea (Mekong River Commission 2005). 
The delta area has an average annual 
precipitation of 1000 – 2000 mm falling 
mainly between April and October (Nguyen et 
al. 1998) when the whole Mekong River basin 
is subjected to the summer monsoon (Hori 
2000). This rainfall together with excess river 
water causes up to 4 month long inundation in 
the north-eastern part of the MRD (Hori 2000).  

3) Material and methods 

3.1) Sediment core characteristics 

The sediment cores TD08-01 (TD), GD07-01 
(GD) and TA07-01 (TA) have been hand-
drilled (Edelmann and D-section auger) during 
two campaigns to Long An province, north-
eastern MRD in March 2007 and December 
2008. 
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Core TD: The drilling site (10°39.731’N, 
106°12.928’E, Thanh Hoa district) lies in a 
meander loop within the floodplain of the Vam 
Co Tay River in the Plain of Reeds (Fig. 1b). 
The core top lies ca. 0.5 to 1 m above modern 
sea-level. The uppermost 29 cm consisting of 
hard clay were too compacted to be drilled 
with the D-section corer and had to be 
removed. The complete 516 cm long core 
consists of dark greyish brown to brownish and 
very dark grey mud (clay + silt) with few 
yellowish-red mottles at the top. 

Core GD: The coring site (10°40.216’N, 
105°51.651’E, Tan Thanh district) is located in 
the central Plain of Reeds bordering a long 
channel (Fig. 1b). The top of the core is ca. 0.5 
to 1 m above modern sea-level. The 465 cm 
long core consists of dark grey to greyish 
brown mud except for a sandy section from 
~170 to ~90 cm. From 380 – 360 and 130 – 0 
cm numerous yellowish - reddish mottles and 
concretions occur. 

Core TA: The drilling site (10°31.432’N, 
106°23.189’E) is close to the town Tan An, 
bordering a maize field in the vicinity of the 
Vam Co Tay River floodplain (Fig. 1b). The 
core top lies ca. 1.0 to 1.5 m above modern 
sea-level. The 340 cm long core consists of 
brownish to greyish mud except for a dark grey 
to bluish sandy section between 340 – 196 cm. 
From 238 cm to the top numerous brownish – 
yellow concretions and mottles occur. 

3.2) Methods 

3.2.1) Sediment analysis 

Sediment samples were taken in the field based 
on the visual core description (TD: 86 samples 
[2 cm thickness], GD: 26 [5 cm thickness] and 
TA: 14 [5 cm thickness]). Additionally, 
material suitable for radiocarbon dating was 

extracted and stored separately. In the lab one 
half of each sample was freeze-dried and ca. 
1 g was used for total carbon measurements 
(TC, LECO combustion). Only TC was 
measured since the detection of carbonate in 
organic-rich sediments by LECO-combustion 
yields large errors. The rest of each sample 
was wet-sieved at 63 μm. Samples with a 
distinct portion >63 μm were further sieved at 
125, 250, 500 and 1000 μm.  

3.2.2) Radiocarbon dating 

Seven samples of selected organic fragments 
(wood/plant remains) or carbonate shells 
(Table III) were submitted for radiocarbon 
dating at the Pozna� Radiocarbon Laboratory, 
Poland. The calibration was accomplished by 
Calib version 5.0.1 (Stuiver and Reimer 1993) 
using the terrestrial record for the organic 
fragments (intcal04) and the marine record for 
the shells (marine04). An ocean specific, local 
reservoir effect based on two calibration points 
for southern Vietnam has been calculated in 
Calib and used for the calibration of the marine 
material (Table III). However, since all the 
dated carbonate shells originate from shallow 
water organisms there are still some 
uncertainties in the local reservoir age. In the 
following the 2�-range of all samples is used 
in order to account for the variance of the 
calibration curve in the covered time span 
(Table III).   

 

3.2.3) Pollen, spore and charcoal analysis 

For pollen and spore analysis 29 (TD), 23 
(GD) and 16 (TA) samples were prepared at 
the Department of Palynology and Climate 
Dynamics, University of Göttingen, Germany. 
Samples of 0.5 cm³ of the raw, cooled 
sediment was processed with the standard 
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pollen analytical techniques including HCl 
treatment and acetolysis (Faegri and Iversen 
1989). Prior to the chemical treatment one 
Lycopodium tablet was added to each sample 
in order to calculate the pollen concentration 
(grains/cm³). The residue of each sample was 
mounted on slides with glycerol and at least 
200 pollen grains per slide were counted at 
400x magnification. Identification of pollen 
and spores was accomplished by reference 
pictures (Huang 1972; Thanikaimoni 1987; 
Roubik and Moreno 1991; APSA Members 
2007). Pollen diagrams were created using the 
commercial programme Grapher 5. The total 
pollen sum was used to calculate percentages 
of all taxa and bases on all taxa excluding 
aquatics and spores. The pollen zones were 
defined using a 50% and a 10% threshold of 
the dominating component (primarily 
Rhizophora) following studies on pollen 
abundance in deposits beneath mangrove 
forests and adjoining communities (Blasco 
1984; Somboon 1990; Hofmann 2002; Rowe 
2005; Li et al. 2008). The arrangement of the 
pollen genera and family was based on their 
occurrence within the mangrove forest from 
seaward margin on the right to landward 
margin on the left (cf. Table II). Freshwater 
vegetation families were arranged according to 
their abundance.  

 

Macroscopic charcoal was preferred over 
microscopic particles since large charcoal 
particles are deposited nearby the fire and are 
not as easily suspended after deposition (Clark 
1988). For macro-charcoal analysis 86 (TD), 
23 (GD) and 16 (TA) samples were prepared 
following the method described in (Stevenson 
and Haberle 2005). Two cm³ per sample were 
used and wet-sieved at 125 μm after chemical 

treatment. The samples of core TD were 
additionally sieved at 250 μm to dispose of 
large organic remains. The complete remaining 
fraction was counted at 25x magnification. 

4) Results 

4.1) Sediment characteristics and 
chronology

Core TD: The whole core consists of mud with 
max. 22 wt.-% of material >63 μm (Fig. 2). 
The TC-values vary between 1.1 wt.-% (45 
cm) and 17.9 wt.-% (543 cm, Fig. 2). 
Planktonic foraminifera tests of fresh 
appearance occur between 571 – 503 cm, at 
291 and 276 cm. The radiocarbon ages at 178 
and 151 cm are 6020 – 6280 and 2790 – 2950 
cal yrs BP respectively (Table III).  

Core GD: The whole core predominantly 
consists of mud with � 10 wt.-% of very fine to 
fine sand throughout the core. Grains of coarse 
sand- to fine gravel-size enveloped by  
iron(hydr)oxide coatings occur between 100 
and 90 cm (Fig. 2). The TC-values range 
between 0.5 wt.-% (68 cm) and 4.2 wt.-% (203 
cm, Fig. 2). The radiocarbon ages at 213, 167, 
112 and 80 cm are 6780 – 6700, 6290 – 6410, 
5310 – 5470 and 6300 – 6440 cal yrs BP 
(Table III). The age at 80 cm is older than the 
underlying one implying that the uppermost 
part of the core contains reworked sediment.  

Core TA: From 340 to ca. 200 cm the core is 
composed of either very fine to fine sand 
(around 218 cm) or very sandy mud (50 – 70 
wt.-% mud). The remaining part of the core 
consists of > 90 wt.-% mud. The TC-values 
range between 0.2 (major parts of the core) and 
1.5 wt.-% (top of the core, Fig. 2). From 340 – 
270 cm abundant shells and shell fragments 
from bivalves, gastropods, crustaceans, 
echinoderms, ostracods and foraminifera 
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(mainly Asterorotalia sp.) are recorded. The 
radiocarbon age at 335 cm is 4440 – 4820 cal 
yrs BP (Table III). 

4.2) Pollen, spore and macro-charcoal 
records 

The pollen, fern and fungal spore distribution 
as well as macro-charcoal records are shown in 
Figure 3, 4 and 5. The occurrence of Pinus 
pollen in all cores is ambiguous. It is possible 
that pollen from e.g. Pinus merkusii, a major 
component of the highland pine forests 
northeast of the delta (Schmid 1974), were 
transported by wind over the long distance to 
the sites. Hence, the occurrence of Pinus 
pollen is excluded from the interpretation but 
added to the diagrams to represent a possible 
hinterland signal. Sedimentation rates beneath 
mangroves are highly variable (Woodroffe 
1992) and since erosion cannot be fully 
excluded, we refrained from evaluating the 
basal age of the lowermost pollen zones.  

The north-eastern MRD is known for its 
potential and actual acid sulphate soils (Husson 
et al. 2000). During the formation of these soils 
organic material (including pollen) is 
consumed in chemical redox processes (Gröger 
et al. in prep). The total pollen concentration 
values of all cores, however, are relatively high 
showing that soil formation processes did not 
strongly affect the palynological signal. Other 
indicators for post-depositional alterations of 
the organic material are fungal spores. The 
abundance of fungal spores can be used as 
measure for the active decomposition of 
organic matter in the sediment (Almeida 
2005). The abundance of fungal spores, 
however, is predominantly paralleled by high 
total pollen concentration values in the records 
indicating minimal decomposition of pollen by 
fungi. 

Core TD 

Zone TD-1 (574 to ~125 cm, early/mid-
Holocene to 2790 – 2950 cal yrs BP): The 
lowest zone in the core shows the 
predominance of Rhizophora pollen (71 – 
96%) with minor contributions from 
Ceriops (� 10%), Kandelia (� 6%) and 
Bruguiera (� 3%). Additionally, the presence 
(� 5%) of other pollen of the mangrove 
community and freshwater vegetation is 
recorded. Values of total pollen and fungal 
spore concentration are on a moderate to low 
level. Macro-charcoal shows slightly higher 
values at the base and low values throughout 
the middle and the upper part of the zone. A 
marked decline of Rhizophora pollen (36%) 
occurs at 260 cm paralleling an increase in 
pollen of Arecaceae (16%), Fabaceae (9%), 
Elaeocarpaceae (7%) as well as total pollen 
and fern spore concentration.  

Zone TD-2 (~125 to ~55cm, 2790 – 2950 to 
1150 – 1200 cal yrs BP): The second zone is 
characterised by a decrease in Rhizophora 
pollen percentages (11 – 32%) with marked 
increases in pollen of Bruguiera (� 7%), 
Arecaceae (� 23%), Cyperaceae (� 11%), 
Fabaceae (� 9%) and Poaceae (� 7%). Other 
pollen of the mangrove community and 
freshwater vegetation are present (� 5%). 
Values of total pollen, fungal and fern spore, 
Acrostichum sp., Polypodiaceae and macro-
charcoal concentration show an abrupt increase 
and remain on a high or moderate level. 

Zone TD-3 (~55 cm to top, 1150 – 1200 cal 
yrs BP to modern): The uppermost zone marks 
the complete disappearance of pollen of the 
mangrove community. Freshwater vegetation 
is dominated by pollen of Arecaceae (29%), 
Poaceae (20%), Cyperaceae (15%), Fabaceae 
(6%) and Burmannia (7%). Values of total 
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pollen, fungal and fern spore concentration are 
low whereas Polypodiaceae show an increase. 
Macro-charcoal values further increase to the 
highest value in the core.  

Core GD 

From 465 to 355 cm core depth the sediment 
contained no pollen, spores and macro-
charcoal. However, no information about the 
Holocene palaeoenvironment is lost since this 
part of the core represents the late Pleistocene 
soil surface.    

Zone GD-1 (355 to ~105 cm, early/mid-
Holocene to 5310 – 5470 cal yrs BP): The 
lowermost zone is dominated by pollen of 
Rhizophora (78 – 61%) with minor 
contributions from Kandelia (� 6%), 
Cyperaceae (� 11%) and Poaceae (� 3%). 
Values of total pollen, fungal spore and 
Polypodiaceae concentration show an increase 
towards 255 cm where they reach a maximum 
and subsequently decrease towards the top of 
the zone. Fern spore concentration and macro-
charcoal values are low throughout this zone.  

Zone GD-2 (~105 to 70 cm, 5310 – 5470 to 
3300 – 3400 cal yrs BP): The second zone 
marks the gradual decrease of Rhizophora 
pollen (35 – 44%) paralleling an increase in 
pollen of Kandelia (13%), Cyperaceae 
(� 15%), Fabaceae (� 4%) and other 
freshwater vegetation constituents. Other 
pollen of the mangrove community and 
freshwater vegetation are present (� 5%). 
Values of total pollen concentration are on a 
moderate level, fungal and fern spores, 
Polypodiaceae and macro-charcoal 
concentrations are low in this zone. 

Zone GD-3 (70 cm to top, 3300 – 3400 cal yrs 
BP to modern): The uppermost zone is 
characterised by the further decline of 

Rhizophora pollen (� 6%) and pollen of 
Kandelia reach the highest value (18%) 
followed by a decrease to very low values (� 
5%) at ~55 cm. Freshwater vegetation mainly 
represented by pollen of Fabaceae (� 34%), 
Poaceae (� 29%), Cyperaceae (� 24%) and 
Myrsinaceae (� 8%) dominates the record. 
Values of total pollen, fungal and fern spores, 
Polypodiaceae and macro-charcoal increase 
with some reaching their maxima within the 
record. The occurrence of Azolla spores is 
recorded at the top of the zone.  

Core TA 

Zone TA-1 (340 to 230 cm, 4440 – 4820 to 
2950 – 3300 cal yrs BP): The lowermost zone 
is dominated by pollen of Rhizophora (� 50%), 
Bruguiera and Ceriops (� 8%). Freshwater 
vegetation is represented by pollen of 
Moraceae/Urticaceae (� 16%), Cyperaceae 
(� 5%) and Poaceae (� 4%). Values of total 
pollen, fungal and fern spore, Polypodiaceae 
and macro-charcoal concentration are low.  

Zone TA-2 (230 to ~108 cm, 2950 – 3300 to 
1500 – 1600 cal yrs BP): The second zone 
marks the decrease in pollen of Rhizophora 
(� 35%) and Bruguiera and Ceriops (� 6%). 
Towards the top of the zone pollen of Kandelia 
(� 14%), Moraceae/Urticaceae (� 18%), 
Fabaceae (� 15%), Cyperaceae (� 10%) and 
Poaceae (� 10%) increase whereas 
Moraceae/Urticaceae show a maximum at the 
base of the zone. Total pollen and fungal spore 
concentration values are highest at the base of 
the zone and decrease towards the top. Fern 
spores, Polypodiaceae and macro-charcoal 
concentration values are on a medium to low 
level throughout. 

Zone TA-3 (~108 to top, 1500 – 1600 cal yrs 
BP to modern): The sample at 77 cm core 
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depth contained no pollen and spores. The 
uppermost zone is completely characterised by 
pollen of freshwater vegetation like 
Cyperaceae (� 43%), Poaceae (� 29%), 
Sagittaria (� 31%) and Moraceae/Urticaceae 
(� 9%). Total pollen and fungal spore 
concentration values increase towards the top. 
Fern spores and Polypodiaceae concentration 
values remain on a medium to low level 
throughout. Macro-charcoal concentration 
shows high values at the base and at the top of 
the zone.   

5) Discussion 

5.1) The palaeoenvironment in the early to 
mid-Holocene 

During the mid-Holocene when sea-level was 
between ca. 2.5 to 4.5 m above present level 
(Ta et al. 2002a; Ta et al. 2002b), a broad 
mangrove belt was established along numerous 
coasts of the Sunda and Sahul shelves 
(Woodroffe et al. 1985; Woodroffe 1993, 
2000). The Rhizophora-dominated mangrove 
forests of the northern delta were part of this 
belt fringing the coastline and river banks as 
far north as Phnom Penh (Penny 2006, 2008; 
Tamura et al. 2009). The palynological records 
of cores TD and GD indicate that mangrove 
forests were also widespread throughout the 
north-eastern MRD (zones TD-1 and GD-1, 
Figs. 3, 4 and 6a). High percentages of 
Rhizophora pollen mark their strong presence 
at the sites and the occurrence of Avicennia, 
Sonneratia, Bruguiera, Ceriops, Kandelia and 
Aegiceras indicate a distinct zonation of these 
forests. The relatively low macro-charcoal 
values mark an overall irregular and 
infrequent, natural burning of the local 
vegetation. More intense burning could be 
mirrored in the slightly elevated charcoal 
values coinciding with minor abundant 

Poaceae pollen (1 – 2%) in the lowermost 
ca. 0.5 m of zone TD-1 (Fig. 3). A similar 
signal from north-eastern Cambodia has been 
related to drier conditions leading to frequent 
burning of the local to regional vegetation 
between 9300 and 7900 years BP (Maxwell 
2004).  

At sites TD and GD mangrove deposits are 
thick (4.5 and 2.55 m, respectively, Fig. 6a) 
implying either a fast sediment build-up during 
the sea-level highstand or the onset of 
accumulation already during the late stage of 
the post-glacial transgression. Mangrove peat 
accretion in a thriving forest can keep pace 
with a 2 to 10 mm/year sea-level rise (Ellison 
2008). The oldest mangrove deposits from 
southern Cambodia accumulated ca. 8000 
years BP (Tamura et al. 2009) when sea-level 
was ca. 5 m below modern level (Tamura et al. 
2009). From 8000 to 6000 cal yrs BP sea-level 
rose at an average of 3 – 4 mm/year which 
could have been balanced by sediment 
accumulation beneath the mangrove forests. 
Thus mangrove forests probably established 
already during the early mid-Holocene in the 
northern parts of the delta and dominated the 
coastal landscape during the late transgression. 

 

The short-term decline in Rhizophora pollen at 
262 cm in core TD (TD-1, Fig. 3) is paralleled 
by an increase in freshwater taxa (mainly 
Arecaceae, Fabaceae, Elaeocarpaceae and 
ferns). An intense fire event in the mangrove 
forest can be excluded since macro-charcoal 
concentration is not increased. Various other 
observations, however, imply a brief and 
intense disturbance of the site. First, the higher 
total pollen concentration value at 262 cm 
indicates a temporarily lowered sedimentation 
rate. Second, below the decline in Rhizophora 
pollen (between 302 and 280 cm) the sediment 
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appears chaotic and contrasts the under- and 
overlying slightly laminated sediments. And 
third, the samples at 291 and 276 cm contain 
fresh and unbroken planktonic foraminifera 
tests that have not been detected in other 
samples directly above or below this interval. 
These features imply a temporary disturbance 
of the site as it could be expected by a storm or 
typhoon induced flood event. Such a short-
term, high energetic event is able to damage 
the coastal vegetation, transport shallow 
marine shelf sediments (including 
foraminifera) landwards and thus produce 
deposits with the features described above. 
After the event, the hinterland pollen signal 
would be enhanced and sedimentation rate 
would be lowered due to sparse mangrove 
presence and thus decreased sediment trapping 
at the site. Since there are no gap specialists in 
mangrove communities (Clarke and Kerrigan 
2000), the affected area would be gradually 
recolonized by species from the surrounding, 
intact mangrove forest. This recolonization is 
probably reflected in the stepwise recovery of 
Rhizophora, the decline of Kandelia and the 
increase of Avicennia and Ceriops (Fig. 3). A 
similar signal is absent at site GD being either 
due to its geographical position where the 
elevated Pleistocene terraces shelter the area 
from the prevailing north-easterly storms or the 
sample resolution being too low to detect this 
decline. 

5.2) Palaeoenvironmental development in 
the late Holocene 

The regional development after ca. 4500 cal 
yrs BP is characterized by the establishment of 
back-mangrove and freshwater vegetation in 
the north-eastern MRD. By assuming a 
constant sedimentation rate after the mid-
Holocene and by using the 2�-ranges of the 

calibrated age data it is possible to calculate 
time spans for the changes in vegetation where 
no radiocarbon dates are available (Fig. 6a). 
Two transitions are established for each core: 
from inner mangrove to back-mangrove (Zone 
1 to 2, Fig. 3 to 6a) and subsequently to 
freshwater vegetation (Zone 2 to 3, Fig. 3 to 
6a). 

At the westernmost site GD the back-
mangrove signal is mainly composed of 
Kandelia, Bruguiera, Ceriops and Avicennia 
(Fig. 4, GD-2) indicating that saltwater 
influence in the area is limited to flooding 
during high tide. Other back-mangrove 
elements like Phoenix, Excoecaria and 
Heritiera are present in the region already 
since the early mid-Holocene but show no 
increased abundance at this stage. The 
radiocarbon ages imply that back-mangrove 
established directly after the mid-Holocene 
sea-level highstand in the area around site GD 
which indicates a very fast seaward coastline 
migration (Fig. 6b). However, the uppermost 
calibrated radiocarbon age shows inversion 
due to sediment mixing or bioturbation in this 
part of the core and thus leaves the time frame 
for the development from mangrove to 
freshwater vegetation in the area around this 
site unclear.  

At site TD the back-mangrove signal is 
dominated by Ceriops, Bruguiera, Heritiera, 
Excoecaria, Glochidion, Phoenix and
Acrostichum marking the decreasing influence 
of saltwater in the area around 3000 cal yrs BP 
(Figs. 3 and 6a, TD-2). Increased total pollen 
and fern spore concentration values indicate a 
lower sedimentation rate as it is typical for the 
floodplain environment where sediment is 
supplied only during the annual summer 
monsoonal flooding. In this area the back-
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mangrove established relatively late when the 
coastline was already ca. 30 km further south 
(Nguyen et al., 2000 and Fig. 6b). To support 
the mangrove community along the river 
banks, sufficient seawater must have been 
transported upstream in the Vam Co Tay River 
which can be achieved by tidal pumping. In the 
modern southern MRD this effect is commonly 
observed and mangroves grow along rivers as 
far as 90 km inland today (Hong and San 
1993). In zone TD-2 macro-charcoal values 
increase rapidly being either due to intense 
burning of the local, more open vegetation or 
the beginning of human settling accompanied 
by fires in the region. The radiocarbon age and 
the archaeological record for the area imply 
that this charcoal signal could be linked to 
ancient settlers but natural fires cannot be fully 
excluded.  

The southernmost site TA shows a generally 
weak Rhizophora signal implying that the local 
conditions were not suitable to support 
mangroves directly in the area around the site. 
The lowermost zone (Fig. 5, TA-1), however, 
is dominated by the sum of Rhizophora, 
Bruguiera, Ceriops, Sonneratia and Aegiceras 
marking a zoned mangrove forest in the 
general region during the sea-level regression. 
The coeval strong signal from freshwater forest 
and grassland/swamp elements like 
Moraceae/Urticaceae, Poaceae, Cyperaceae 
and Fabaceae reflects the geomorphological 
diversity of the delta plain (Fig. 6b,c) and 
underlines that freshwater vegetation is already 
common in the area. The representation of a 
back-mangrove (mainly Kandelia) is weak and 
probably due to the conditions in the area that 
prevented an extensive mangrove 
development. The change from inner to back-
mangrove has been calculated between 2950 – 
3300 cal yrs BP and thus has to be viewed with 

caution (Fig. 6b). Around 3000 to 2000 years 
BP the reconstructed position of the coastline 
is just south of the site (Nguyen et al. 2000) 
which indicates either a very fast vanishing of 
the inner mangroves or the calculated age span 
is too old. 

At all sites, the subsequent shift from back-
mangrove to freshwater vegetation is 
consistent with the coastline evolution (Fig. 
6c). The general, typical signature of swamp 
vegetation is dominated by Cyperaceae, 
Fabaceae and Poaceae. At site GD the 
transition from back-mangrove to freshwater 
around 3300  - 3400 cal yrs BP is problematic 
due to the inversion of the uppermost two 
radiocarbon ages. Nevertheless the freshwater 
vegetation shows a varying composition with 
Myrsinaceae adding a forest to shrub land 
signal and Azolla spores, occurring in the 
uppermost sample and being associated with 
modern rice cultivation (Schmid 1974), 
marking the establishment of agriculture in the 
area around this site. The simultaneous 
increase in macro-charcoal particles underlines 
that modern settlers were reshaping the 
environment of the site.    

Arecaceae and the freshwater swamp marker 
Burmannia are remarkably common at site TD, 
indicating that the river floodplain was a moist 
habitat throughout the year (Schmid 1974). 
High amounts of macro-charcoal particles 
imply the presence of settlers in the area and 
the rise in Arecaceae pollen could be linked to 
an active cultivation of palms.  

Site TA records a short-term occurrence of 
Sagittaria, an aquatic to riparian genus. It 
seems that a small, temporary lake or channel 
established in the vicinity of the Vam Co Tay 
River, providing the temporary habitat for this 
genus. However, this lake or channel prevailed 
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not long enough to support full aquatic 
vegetation. Similar to the two other cores a 
strong macro-charcoal signal documents the 
increased human activity in the region.  

6) Conclusions 

The palaeoenvironmental reconstruction of the 
north-eastern MRD underlines the dynamics of 
the delta development since the mid-Holocene. 
An inner mangrove community moved with 
the seaward migrating shoreline and was 
gradually replaced by back-mangroves. The 
back-mangrove forests seem to have prevailed 
for long times especially along rivers that 
supplied brackish water. Finally, diverse 
freshwater vegetation developed on the MRD 
plain. Natural burning of the regional 
vegetation is recorded in the low abundance of 
macro-charcoal particles in the lower parts of 
all records whereas the high values in the 
uppermost parts of the records document the 
modern human activity.  

Furthermore this study shows that 
palynological techniques, being optimised for 
swamp and lake deposits, are also applicable to 
dynamic delta deposits that have been 
subjected to soil formation processes. The 
results demonstrate the importance of 
palynological studies to fully assess a delta’s 
palaeoenvironmental development. This 
palaeoenvironmental reconstruction also offers 
the opportunity for archaeological researchers 
to add new information to the understanding of 
ancient settlements in the region.  
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Fig. 1A) The Vietnamese Mekong River Delta and adjacent areas with its two major rivers, the Bassac 
and the Mekong. The smaller inset map displays the position of the delta within mainland Southeast 
Asia. The black square marks the area shown in 1b. B) The facies distribution and geomorphological 
features in the study area according to Nguyen et al. (2000). The open circles show the coring 
locations of cores GD, TD and TA. The dashed circle outlines the approximate extent of the Plain of 
Reeds. 
 
 

 
 
Fig. 2. Columnar sections, mud (<63 μm) and total carbon contents of cores TD, GD and TA plotted 
against depth in metres below surface. Calibrated radiocarbon ages are given on the left of each core. 
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Fig. 3. Pollen, fern and fungal spore, 
macro-charcoal (bars) and TC (line) 
diagrams for core TD. Percentages 
are derived from total pollen sum. 
Closed circles represent taxa that do 
not exceed 5% of total pollen sum 
and are used to show 
presence/absence.  
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Fig. 4. Pollen, fern and fungal spore, macro-
charcoal (bars) and TC (line) diagrams for core 
GD. For explanation see Fig. 3.  
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Fig. 5. Pollen, fern and fungal spore, macro-charcoal 
(bars) and TC (line) diagrams for core TA. For 
explanation see Fig. 3. 
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Fig. 6. (A) Columnar sections showing interpreted general vegetation zones for all cores. Measured 
calibrated radiocarbon ages are marked with an asterisk, calculated age spans with an open circle (see 
text).. (B,C) Palaeoenvironmental development of the region illustrated by the time spans for the 
transition inner to back-mangrove (B) and subsequently to freshwater vegetation (C). The base map is 
simplified and dimmed from Nguyen et al. (2000). The thick, black lines mark the coastlines with 
corresponding time spans after Nguyen at al. (2000). The coastlines 4.5 and 4-3k years BP are widely 
unconfirmed (dashed line, see Nguyen et al. (2000) for details). The asterisk marks time spans directly 
controlled by calibrated radiocarbon ages, the open circle marks calculated time spans (see text).  
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Table I. Major relevant families and genera of the modern freshwater vegetation and their occurrence 
in southern Vietnam (Schmid 1974; Morley 2000). 

Family Genus R/E F Sh St FS St Ap Aq An 

Alismataceae Sagittaria        X  
Arecaceae excl. Nypa & Phoenix  X X  X    X 
Asclepiaceae -  X  X      
Asteraceae -  X X  X     
Aquifoliaceae Ilex  X X       
Burmanniaceae Burmannia     X     
Chenopodiaceae/ 
Amaranthaceae -    X      

Combretaceae -  X        
Cyperaceae - X X X X X  X   
Elaeocarpaceae - X X   X     
Euphorbiaceae -  X X   X X   
Fabaceae - X X X X X X X  X 
Fagaceae -  X X       
Melastomataceae -  X X X X  X   
Moraceae -  X X  X X    
Myrsinaceae -  X X       
Myrtaceae -  X   X     
Orchidaceae -  X   X     
Pandanaceae Pandanus  X   X    X 
Pinaceae Pinus  X        
Piperaceae -  X X       
Poaceae - X X X X X X X  X 
Sapindaceae -  X X       
Urticaceae -  X        
          
Azollaceae Azolla        X X 
Polypodiaceae - X X   X     
Pteridaceae Acrostichum X         

R/E – River/Estuary, F – Forest general, Sh – Shrubland, St – Steppe, FS – Freshwater swamp, St – Sandy terrace, 
Ap – Alluvial plain, Aq – Aquatic, An – Anthropogenic 
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Table II. Major genera of the modern mangrove systems in southern Vietnam (Schmid 1974; Hong 
and San 1993; Tomlinson 1994; Hong 2000).  

Family Genus Seaward 
margin 

Inner  
mangrove 

Back- 
mangrove 

Landward 
edge 

River/ 
estuary 

Myrsinaceae Aegiceras X     
Sonneratiaceae Sonneratia X X    
Rhizophoraceae Rhizophora  X X   
Acanthaceae Acanthus  X X   
Avicenniaceae Avicennia  X X   

Ceriops  X    Rhizophoraceae Bruguiera  X X   
Meliaceae Xylocarpus  X X   
Rhizophoraceae Kandelia   X  X 
Sterculiaceae Heritiera   X   

Excoecaria   X   Euphorbiaceae Glochidion   X   
Flagellariaceae Flagellaria   X   
Combretaceae Lumnitzera   X   
Araceae Cryptocoryne   X X  
Annonaceae Annona   X X  
Flagellariaceae Flagellaria   X X  

Phoenix    X  Arecaceae Nypa    X X 
Fabaceae Dalbergia    X  
Melastoma-
taceae Melastoma    X  

Pteridaceae Acrostichum   X  X 
 

Table III. Radiocarbon ages and calibrated ages for the presented cores.  

Core Sample 
[cm core depth] 

Uncalibrated age 
[years BP] 

Specific 
reservoir 

correction �R 

Calibrated age 
(2�-range) 
[years BP] 

Dated 
material Lab.code 

132 – 134 2775 ± 35 - 2790 – 2950 Plant 
remain 

Poz-
30916 TD 

177 – 179 5385 ± 35 - 6020 – 6280 Plant 
remain 

Poz-
30915 

80 5590 ± 40 - 6300 – 6440 Plant 
remain 

Poz-
30910 

112 4650 ± 40 - 5310 – 5470 Plant 
remain 

Poz-
30911 

167 5570 ± 35 - 6290 – 6410 Plant 
remain 

Poz-
21312 

GD 

213 6040 ± 40 - 6780 – 7000 Plant 
remain 

Poz-
21313 

TA 335 4420 ± 35 - 70 ± 30 
- 23 ± 56 4440 – 4820 Carbonate 

shells 
Poz-

21507 

 

 21

68



4.3 Salt production in pre-Funan Vietnam: archaeomagnetic reorientation
of briquetage fragments

Objective 3
Application of geoscientific methods to solve further archaeological questions such as the
orientation of the briquetage of Go O Chua.

The application of techniques that are not common in archaeological research is becom-
ing increasingly important for solving archaeological issues. The controversy concerning
the orientation of the briquetage from Go O Chua (see 1.2.5) is a good opportunity to
demonstrate the importance of such interdisciplinary work. By applying a standard
archaeomagnetic technique to the pottery it is possible to solve the issue and to state
in which orientation the pedestals were used.

The article ”Salt production in pre-Funan Vietnam: archaeomagnetic reorientation
of briquetage fragments” has been published in the Journal of Archaeological Science
in 2009 and can be downloaded via its doi (10.1016/j.jas.2008.07.012).

A shortened German version of this article has also been submitted as a chapter for a
book about the archaeological site of Go O Chua (see Appendices).
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Chapter 5

Summary and conclusions

The results from the analyzed cores and ceramics show that the application of sedi-
mentological, palaeoenvironmental and archaeomagnetic techniques form a good basis
to understand the geological, vegetation and human history of the north-eastern Mekong
River Delta. Concerning the three previously defined objectives of this thesis the fol-
lowing summary and conclusions can be made:

Objective 1
Development of a spatial and temporal facies model to characterize the geological history
of the north-eastern Mekong River Delta.

In the early stages of the Mekong River Delta development the morphology of the
sediment body was mainly tide-controlled and an estuarine rather than a deltaic sys-
tem prevailed in the study area. The oldest “true” delta sediments (prodelta depoists)
were deposited in an incised valley in the southern delta 5400 cal years BP (Ta et al.,
2001b), a time during which shoreline and tidal flat sedimentation prevailed in the
north-eastern delta. This configuration of estuarine conditions in the upper delta while
initial delta progradation is taking place in the lower delta area has been shown from
other Holocene delta systems such as the Red River Delta in northern Vietnam. Before
delta initiation around 8500 cal years BP an estuarine system predominated the area
(Hori et al., 2004). The deceleration of the sea-level rise initiated delta progradation in
the south-eastern area (lower delta) (Hori et al., 2004). The north-western part (upper
delta), however, experienced slow aggradation which led to the change from an estu-
arine to delta plain environment (Hori et al., 2004). The unequal development of the
upper vs. the lower delta is comparable to the evolution of the north-eastern (upper)
vs. the southern (lower) Mekong River Delta. By unraveling the geological history of
the north-eastern Mekong River Delta, this thesis helps to understand the early stages
of the mid- to late Holocene delta development and to close the gap between the pre-
viously studied regions adjacent to the study area.
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Objective 2
Reconstruction of palaeovegetation dynamics with a special focus on
(a) mangrove dynamics as a marker for coastline evolution and
(b) the palaeoenvironmental conditions at the time of Bronze to Iron Age colonization
including the evaluation of agriculture signals.

The successful application of palaeoenvironmental techniques to deltaic sediments
and the importance of studying mangrove communities as an indicator for brackish
conditions has been demonstrated in this thesis. Mangrove communities (especially
the inner mangrove) retreated relatively quickly from the area after the coastline had
migrated southward and could therefore be used as shoreline indicators. The region
around the Vam Co Tay River formed an exception to this general pattern. It seems
that the river water was brackish enough to maintain a fringing mangrove community,
that remained in the area long after full freshwater conditions had developed on the
delta plain.
Studying mangrove development has been shown to be an important part in the under-
standing of general coastline evolution and thus is included in many studies concerning
the development of tropical deltas. For example, the mid-Holocene sea-level highstand
in the Chao Phraya Delta in Thailand is documented by a mangrove forest that fringed
the palaeo-coastline (Tanabe et al., 2003b). The subsequent southward shift of the
mangroves being connected with the shoreline migration was used to understand the
complex and exceptional delta progradation pattern (Tanabe et al., 2003b).
Besides having gained knowledge about the area’s mangrove development the results
from this thesis describe for the first time how the freshwater vegetation on the delta
plain developed after the retreat of the mangroves from the area. Mainly swamp veg-
etation with predominantly grasses and sedges but also, for example, with ferns and
palms as well as evergreen and deciduous trees and shrubs was developed in the area
and reflects the locally differing conditions on the delta plain. The change from man-
grove to freshwater vegetation seems to have been the prerequisite for the early settlers
to move into the area. Especially in the central part of the study area, however, the
swampy conditions presented an obstacle for large-scale colonization and agriculture
leaving the area sparsely populated until the 20th century.
The results of this thesis show that palynological approaches are necessary to under-
stand the palaeoenvironmental history of an area and that the techniques are applicable
to dynamic environments such as deltas. Recent studies in other tropical deltas under-
line this conclusion and show the potential of such research. For example, records from
the Red River Delta allowed the reconstruction of the vegetation and human history of
the area (Li et al., 2006a,b, 2009). Additionally, it documented the tight link between
human activity (warfare in this case) and palaeoenvironmental development (Li et al.,
2009).
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Objective 3
Application of geoscientific methods to solve further archaeological questions such as the
orientation of the briquetage of Go O Chua.

The results from the archaeomagnetic study included in this thesis solve the unset-
tled issue about the orientation of the pedestals, which had arisen when the pottery
was first excavated at Go O Chua. By applying a standard technique, the question can
be answered in a fast and statistically confident manner. It is shown, that the pot-
tery has been used with the finger-like protrusions upwards. The utilization in such an
orientation allows the conclusion, that the Vietnamese ceramics resemble the contem-
poraneous, European pottery that has been used during the salt production process.
This study shows the large potential of interdisciplinary approaches, especially the ap-
plication of geoscientific techniques to archaeological contexts. Ongoing research in this
project follows this idea and aims to assess the stratigraphical origin of the material
employed during production of the ceramics (see Outlook).
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Chapter 6

Outlook

Objective 1
Development of a spatial and temporal facies model to characterize the geological history
of the north-eastern Mekong River Delta.

In order to gain a more detailed picture of the geological development of the north-
eastern Mekong River Delta it is necessary to interpret the remaining, partly processed
cores. In particular the southernmost cores will allow the direct connection of the
study area to the cores from the southern Mekong River Delta. It seems likely that
these cores contain the oldest Holocene delta deposits and are thus potentially the di-
rect link between the estuarine system in the northeast and the deltaic system in the
south. Generally, for the study area it would be important to gather cores from ar-
eas that have been less limited by the lack of accommodation space during Holocene
sedimentation (e.g. palaeo-channels). Such records potentially contain the Holocene
sequence in higher resolution and therefore document the geological history in greater
detail. The results from core TD demonstrate that this kind of record is available in
the area, however, old meander loops or palaeo-channels have to be found.

Objective 2
Reconstruction of palaeovegetation dynamics with a special focus on
(a) mangrove dynamics as a marker for coastline evolution and
(b) the palaeoenvironmental conditions at the time of Bronze to Iron Age colonization
including the evaluation of agriculture signals.

Despite the potential of palaeoenvironmental research in deltas it proved to be diffi-
cult to unravel climate-driven vegetation shifts in the study area. The dynamics of the
delta development and the diversity of environments on the delta plain are dominating
the character of the vegetation and thus mask climatic impacts. To solve this issue it
would be necessary to gather records outside the delta body. Filled incised valleys or
swamps in southern Cambodia or the Dong Nai/Tay Ninh area in southern Vietnam
potentially contain appropriate archives. As shown in 1.2.4 palaeoenvironmental re-
search is still sparse in the region and long, undisturbed records are missing for many
parts of mainland SE Asia.
The combination of palaeoenvironmental and archaeological research holds a lot of fu-
ture research potential. As shown in work from Cambodia (Bishop et al., 2003; Penny ,
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2006; Penny et al., 2006) the knowledge about the palaeoenvironmental conditions at
the time of prehistoric colonization is fundamental to understand causes, impacts and
spatial extent of settlement. For example, the Neolithic site of An Son revealed the
consumption of brackish water molluscs, however, whether these settlers lived in or
nearby a mangrove community or whether these shells were imported is still unknown.
Furthermore, the beginning of rice agriculture in the area is still poorly understood.
These open issues can be resolved with a combined palaeoenvironmental and archaeo-
logical approach.

Objective 3
Application of geoscientific methods to solve further archaeological questions such as the
orientation of the briquetage of Go O Chua.

The ceramics of Go O Chua hold a large potential for future research. The elemental
composition of the clay used to manufacture the pottery is a key proxy to trace the
employed source material. XRF-powder measurements of the ceramic material and of
different stratigraphic layers of the late Pleistocene and Holocene sequence will help to
establish a ”fingerprint” of the pottery and the sediments. The comparison of these
signatures will allow the reconstruction of the employed source material. Furthermore,
a comparison of the Go O Chua pottery with ceramics from other SE Asian sites will
be possible and potential trading routes can be evaluated.
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Appendix

Plates of pollen observed in the sediment samples from the Mekong River
Delta
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Figure 6.1: Plate 1
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Figure 6.2: Plate 2
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Figure 6.3: Plate 3
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The shortened German version of the article ”Salt production in pre-Funan
Vietnam: archaeomagnetic reorientation of briquetage fragments” that has
been submitted as a chapter for a book about the archaeological site of Go
O Chua
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Die Tonstützen von Gò Ô Chùa: Archäomagnetische Messungen  

zur Bestimmung ihrer Orientierung 

 

Ch�c g�m t�i Gò Ô Chùa: nh	ng 
o 
�c kh�o c� t tr��ng  

nh�m xác 
�nh ph��ng h��ng c�a chúng 

 

ULRIKE PROSKE / DAVID HESLOP / TILL J. J. HANEBUTH 

 

Während der Ausgrabungen in Gò Ô Chùa 

wurden zahlreiche Tonstützenfragmente 

von einigen unterschiedlichen Formen 

relativ einheitlicher Größe gefunden. 

Anhand von ähnlichen vorgeschichtlichen 

Keramikfunden aus dem europäischen 

Raum (D. Kleinmann 1974; A.J. Fawn et al. 

1990) und rezenten Stützen in 

Salzsiedereien des Niger/Afrika wurde die 

Idee entwickelt, dass die Tonstützen von 

Gò Ô Chùa im Zusammenhang mit der 

Produktion von Salz aus Meerwasser 

verwendet wurden (siehe Beitrag ?? von A. 

Reinecke, S. ??). Archäologische und 

ethnologische Beobachtungen legen den 

Verdacht nahe, dass auch die Tonstützen 

von Gò Ô Chùa mit den drei Spitzen nach 

oben verwendet worden sind. Dennoch 

bestand freilich auch die Möglichkeit, dass 

die Stützen von Gò Ô Chùa in 

Gegenrichtung zum Einsatz kamen. So sind 

die vielen tausend Tonstützen von Gò Ô 

Chùa für die meisten vietnamesischen 

Archäologen „Lampen“ oder 

„Lampenständer“ und das trichterförmige 

Ende soll das „Lampenöl“ enthalten haben. 

Trong các cu�c khai qu�t trên di tích Gò Ô 

Chùa 
ã phát hi�n r�t nhi�u m�nh ch�c g�m 

có vài hình d�ng khác nhau mà kích th��c 

g�n th�ng nh�t. Qua di v�t g�m ti�n s� 

t��ng t� tìm th�y � châu Âu (D. Kleinmann 

1974; A.J. Fawn et al. 1990) và ch�c g�m 


��c dùng � nh	ng n�i n�u mu�i g�n 
ây 

t�i Niger / châu Phi các nh�n 
�nh 
ã phát 

tri�n theo h��ng các ch�c g�m Gò Ô Chùa 

tng 
��c dùng trong m�i liên h� v�i vi�c 

làm mu�i b�ng c� s� n��c bi�n (xem bài s� 

?? c�a A. Reinecke, tr. ??). Nh	ng quan sát 

kh�o c� h�c và dân t�c h�c t�o nên s� phán 


oán r�ng, ba m�u nh�n c�a ch�c g�m � Gò 

Ô Chùa c!ng 
ã dùng theo ph��ng h��ng 

lên phía trên. T�t nhiên c!ng có kh� n"ng 

r�ng, ch�c g�m ki�u Gò Ô Chùa ngày x�a 


��c s� d#ng v�i ph��ng ng��c l�i, ngh$a  

là ph�n 
�u d�ng ph'u nông phía trên và ba 

m�u nh�n phía d��i. Vì th=, 
=n ngày nay 

nhi�u nhà kh�o c� h�c Vi�t Nam ngh$ r�ng 

hàng ngàn ch�c g�m � Gò Ô Chùa là „
èn“ 

ho^c „chân 
èn“ và ph�n có d�ng ph'u 

nông bên trên 
� ng��i ta cho ch�t li�u gì 


ó vào 
�t l�y ánh sáng ví nh� „d�u 
èn“  
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 Es galt also die Frage zu klären, ob 

die Tonstützen mit den fingerartigen 

Fortsätzen nach oben verwendet wurden, 

wobei dann eine zusätzliche, kleine Schale 

als Behälter für die Sole notwendig ist 

(Abb. 1a), oder ob sie mit dem vertieften, 

schüsselartigen Ende nach oben eingesetzt 

wurden (Abb. 1b). Um dieses Problem zu 

klären wurden an der Universität Bremen 

fünf Fragmente verschiedener Tonstützen 

archäomagnetisch gemessen. 

 Câu h_i 
��c 
^t ra � 
ây 
� tìm l�i 

gi�i 
áp là, ch�c g�m 
ã 
��c dùng v�i ba 

m�u nh�n hình ngón tay phía trên r`i 
^t 

lên trên m�t bát/n�i nh_ g`m n��c mu�i 

trong khi n�u mu�i (hình 1a), ho^c ch�c 

g�m 
ã 
��c dùng v�i ph�n có d�ng ph'u 

nông phía trên (hình 1b). {� gi�i thích v�n 


� này, n"m m�nh c�a ch�c g�m khác nhau 


ã 
��c ti=n hành 
o 
�c kh�o c� t tr��ng 

t�i Tr��ng {�i h�c T�ng h�c Bremen, n��c 

{|c. 

 

 Die Grundlage dieser Art von 

Messungen ist das Verhalten von 

magnetischen Mineralen wie zum Beispiel 

Magnetit (Fe3O4) beim Erhitzen. Diese 

Minerale sind in geringen Konzentrationen 

im tonigen Material der Keramiken 

enthalten und deren Magnetisierung richtet 

sich einheitlich während des 

Brennvorganges neu nach dem 

Erdmagnetfeld aus. Anhand von Modellen 

wie zum Beispiel dem CALS7K-Modell, 

welches auf paläomagnetischen und 

archäomagnetischen Daten basiert und 

große Schwankungen des Magnetfeldes für 

die letzten 7000 Jahre beschreibt (M. Korte 

/ C. Constable 2005; M. Korte et al. 2005), 

wurde bestimmt, dass das Magnetfeld im 

datierten Zeitraum (9.-2. Jh. v. Chr.) eine 

mittlere Schwankung von ca. 0,026° pro 

Jahr aufzeigt. Beim Abkühlen der Keramik 

 C� s� c�a vi�c 
o 
�c nh� th= này là 

xác 
�nh ph�i |ng c�a nh	ng khoáng v�t t 

tính, ví d# c�a manhêtít (Fe3O4) trong quá 

trình 
un nóng. Trong ch�t li�u 
�t sét c�a 


` g�m có nh	ng khoáng v�t này v�i n`ng 


� nh_ và khi 
un nóng 
` g�m thì chúng 

h��ng 
=n s� th�ng nh�t m�i theo 
�a t 

tr��ng. D�a vào nh	ng khuôn m}u nh� ví 

d# khuôn m}u CALS7K dùng d	 li�u kh�o 

c� t tr��ng và Paleô t tr��ng và mô t� 

nh	ng lên xu�ng l�n c�a 
�a t tr��ng 

trong 7000 n"m cu�i cùng (M. Korte / C. 

Constable 2005; M. Korte et al. 2005) 
ã 

xác 
�nh 
��c r�ng 
�a t tr��ng trong th�i 


�i niên 
�i ch�c g�m (9-2 tr. CN) có s� lên 

xu�ng trung bình kho�ng 0,026° m�t n"m. 

Trong khi 
` g�m l�nh l�i, t hóa c�a 

nh	ng khoáng v�t t tính c�a 
i�m nóng 


��c �n 
�nh (R.T. Merrill et al. 1998). S� 

so sánh gi	a các giá tr� 
� l�ch c�a nh	ng 
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wird die Magnetisierung in den 

magnetischen Mineralen zum 

Brennzeitpunkt fixiert (R.T. Merrill et al. 

1998). Der Vergleich der gemessenen 

Inklinationswerte, welche in den 

magnetischen Mineralen der Tonstützen 

von Gò Ô Chúa gespeichert sind, mit den 

bekannten Werten des Erdmagnetfeldes 

jener Epoche ermöglicht es, die 

Ausrichtung der Tonstützen während des 

Brennens zu bestimmen.  

khoáng v�t t tính 
ã l�u gi	 trong ch�c 

g�m Gò Ô Chùa và nh	ng giá tr� 
�a t 

tr��ng ng��i ta 
ã bi=t c�a th�i 
�i 
ó cho 

phép chúng tôi xác 
�nh ví tr� c�a ch�c g�m 

trong khi nung. 

 

 Um die Ausrichtung der 

magnetischen Minerale und damit die 

Orientierung der Tonstützen zu messen, 

wurden insgesamt 22 orientierte Proben aus 

fünf Tonstützenfragmenten gewonnen. 

Natürlich besaßen diese 5 Fragmente noch 

das trichterförmige oder das „3-Finger-

Ende“. Vor der Beprobung wurden alle 5 

Fragmente in einheitlicher Ausrichtung 

senkrecht im Raum orientiert. Anschließend 

wurde eine Referenzachse für die vertikale 

Komponente festgelegt (REF in Abb. 1). 

Rechtwinklig dazu befindet sich die 

horizontale Komponente (H in Abb. 1). Das 

erdmagnetische Feld (in Abb. 1 mit 

Strichlinien dargestellt) durchdringt die 

Stützen in einem für den datierten Zeitraum 

typischen Winkel, also dem Wert der 

Inklination für Gò Ô Chúa zur Zeit des 

Brennvorganges (I in Abb. 1). Je nach dem 

in welcher Orientierung die Stützen 

gebrannt worden waren, sind bei der 

 {� 
o 
�c 
��c h��ng 
=n c�a 

khoáng v�t t tính và t 
ó xác 
�nh v� trí 

c�a ch�c g�m trong khi nóng 22 m}u t 5 

m�nh ch�c g�m 
ã 
��c nghiên c|u. T�t 

nhiên, 5 m�nh ch�c g�m này v}n còn có 

ho^c 
�u ph�n cu�i hình ba m�u nh�n ho^c 


�u ph�n cu�i d�ng ph'u nông phía trên. 

Tr��c khi l�y m}u, c� 5 m�nh 
ã 
��c 

th�ng nh�t h��ng th�ng 
|ng. Sau 
ó, m�t 


��ng c�t so sánh cho 
��ng th�ng góc 
ã 


��c quy=t 
�nh (hình 1: REF). Vuông góc 

v�i cái này có 
��ng n�m ngang (hình 1: 

H). {�a t tr��ng (
��ng ch�m ch�m trong 

hình 1) 
i qua ch�c g�m v�i góc 
^c bi�t 

cho th�i 
�i 
��c niên 
�i phù h�p v�i giá 

tr� 
� l�ch trong khi nung ch�c g�m � Gò Ô 

Chùa (I trong hình 1). Tùy theo ví tr� c�a 

các ch�c g�m trong khi nung có giá tr� 
� 

l�ch là d��ng (hình 1a) ho^c giá tr� 
� lêch 

âm (hình 1b). Sau 
ó, nh	ng giá tr� 
� l�ch 


ã 
��c 
o 
�c và 
ánh giá theo các 

ph��ng pháp c�a Paleô t tr��ng (R.F. 
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Messung entweder positive (Abb. 1a) oder 

negative (Abb. 1b) Inklinationswerte zu 

ermitteln. Diese wurden dann mit 

Standardmethoden der Paläomagnetik 

gemessen und ausgewertet (R.F. Butler 

1992). 

Butler 1992). 

 

 Bei der Auswertung wurde schnell 

deutlich, dass die Messungen ein sehr 

robustes Ergebnis zeigen. 21 der 22 

gemessenen Proben ergaben einen positiven 

Wert für die Inklination, was für die 

Orientierung Abb. 1a spricht. Für die 

weitere archäologische Arbeit kann nun 

also davon ausgegangen werden, dass die 

Stützen mit den fingerartigen Fortsätzen 

nach oben gebrannt wurden. 

Beobachtungen an den Tonstützen von Gò 

Ô Chúa wiesen darauf hin, dass die 

Tonstützen vor ihrem ersten Einsatz in der 

Sonne getrocknet wurden und erst bei der 

Nutzung als Ofenstützen mehr oder weniger 

schlecht gebrannt worden sind. Diese 

Beobachtung wurde auch in afrikanischer 

Salzsiedereien von Manga im Niger 

gemacht, wo Stützen ähnlicher Form 

eingesetzt wurden (P.L. Gouletquer 1974). 

Trifft diese Beweisführung zu, dann 

standen die Tonstützen von Gò Ô Chúa bei 

der Erstverwendung, also während des 

Salzsiedeprozesses mit den drei Spitzen 

nach oben (für eine detaillierte Diskussion 

der angewandten Methode und der 

Ergebnisse dieser Messungen siehe U. 

 Trong khi 
ánh giá 
ã có th� xem 

nhanh và rõ ràng, r�ng nh	ng s� 
o 
�c 

nh�n 
��c k=t qu� r�t th�ng nh�t. 21 t 22 

m}u có giá tr� 
� l�ch là d��ng, có ngh$a 

nh	ng ch�c g�m 
ã có ví tr� gi�ng 1a trong 

khi nóng. {� công vi�c kh�o c� ti=p t#c có 

th� nh�n 
�nh r�ng, ch�c g�m 
ã 
��c nung 

v�i ba m�u nh�n hình ng�n tay phía trên. 

Nh	ng quan sát trong khi nghiên c|u ch�c 

g�m Gò Ô Chùa cho th�y ch�c g�m ch� 
ã 


��c ph�i khô do ánh n�ng m^t tr�i tr��c 

khi dùng l�n 
�u tiên và 
��c núng nhi�u 

h�n ho^c ít h�n trong quá trình dùng làm 

chân trong lò. S� quan sát này c!ng th�y 

các 
�a 
i�m n�u mu�i t�i khu v�c Manga / 

Niger, t�i 
ó ng��i ta c!ng 
ã dùng ch�c 

g�m có hình d�ng t��ng t� v�i 3 m�u nh�n 

(P.L. Gouletquer 1974). N=u s� quan sát 

này là 
úng thì nh	ng ch�c g�m Gò Ô Chùa 


ã 
��c 
^t ph�n cu�i hình d�ng ph'u v�i 

ph�n cu�i ba m�u nh�n phía trên trong giai 


o�n 
�u tiên c�a quá trình n�u mu�i (cu�c 

th�o lu�n chi ti=t v� ph��ng pháp s� d#ng 

và các k=t qu� c�a nh	ng 
o 
^c xin m�i 

xem U. Proske et al. 
ang x� lý).  
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Proske et al. in Redaktion).  

 

 

Abb. 1/Hình 1. Schematischer Querschnitt durch eine Tonstütze und die zwei möglichen 

Orientierungen (a, b). Die verwendeten Abkürzungen werden im Text erklärt. – M^t c�t 

ngang s� 
` c�a m�t ch�c g�m và hai ví tr� khác nhau (a, b). Nh	ng ch	 t�t 
ang 
��c gi�i 

tích trong bài v"n. 

 

Übersetzung/Biên d�ch: Andreas Reinecke, Bonn; Nguy�n Th� Thanh Luy�n, Remagen. 

 

Abbildungsnachweis/Ngu�n hình: 

1: U. Proske. 
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