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ABSTRACT: Three cores (BT1, BT2, and BT3) were taken from Bentre Province in the
lower delia plain, Mekong River Delta, with the objective to investigate the sediment facies
and evolution of the Mekong River Delta during late Holocene. These cores were examined
by analyses of grain size, molluscan shells, foraminifers, diatoms, sedimentary structure by
X-radiographs and '*C ages by accelerator mass spectrometry (AMS). The incised valley
that formed during last glacial maximum was located around the BT2 site. Transgressive
incised-valley fill sediments are composed of estuarine channel/tidal river sandy silt, muddy
tidal flat/salt marsh, estuarine marine sand, transitional sandy silt, and finally open bay
mud facies in ascending order and dated from 13 to 5.3 ky BP. The coarsening-upward
succession of regressive deltaic facies after 5.3 ky BP., with the thickness ranging from 10
to 20 m, are prodelta mud, delta front sandy silt, subtidal to intertidal flat sandy silt, and
subaerial delta plain facies. Progradation rate was decreased from 17-18 m y™' during 5.3
to 3.5 cal ky BP to 13-14 m y™ during the last 3.5 cal ky. The reduced progradation rates

are reflected by southward sediment dispersal by longshore currents caused by monsoon-
generated waves.

1. Introduction

The Mekong River Delta is the largest delta in Southeast Asia in terms of drainage
basin size, water discharge, and sediment discharge. It is characterized by a wide, low-lying
delta plain. The river has two main channels in the delta plain area, the Bassac River and the
Mekong River. The Mekong River channel, furthermore, is divided into four distributaries in
Bentre Province. Morphological and surficial sediment analyses of the delta have been
previously published [1,2,3,6]. The characteristics of the Mekong River Delta and outlined
its Holocene morphological evolution were reviewed, providing a detailed geomorphological
map of the Mekong [3]. However, due to the paucity of detailed descriptions and '*C ages
from subsurface sediments, the sedimentological and stratigraphical evolution of the
Mekong River Delta system has not yet been clarified.

Stable to slightly falling sea levels for the last 6 ky, in combination with high
sediment discharge from the Mekong River, the delta has prograded more than 250 km from
Cambodia to the East Sea with area to be about 62,520 km? [3]. This paper presents the
sediment facies and Holocene evolution of the Mekong River Delta based on analyses of
samples from three borehole cores with high-resolution C chronology taken in Bentre
Province, Vietnam.

The authors express their gratitude to Prof. T. Nakamura, Center for Chronological
Research, Nagoya University Japan, for helping with analyses of 'C ages, Prof. M.
Tateishi, Niigata University; and Dr. Y. Saito, Geological Survey of Japan for kind
suggestions and comments on our manuscript. We thank Mrs. T.L. Bui, University of Ho Chi
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Minh City, for the foraminifer analysis. This work was part of a collaborative project
between the Sub-Institute of Geography, Vietnam National Center for Natural Science and
Technology, and the Department of Geology, Niigata University Japan. This work was
supported by the Natural Science Council of Vietnam.
2. Study area

Bentre Province consists of a broad coastal plain corresponding to the lower
northeastern part of the delta plain, located among the active distributaries of the Mekong
River system (Fig. 1). The Bentre coastal plain contains numerous beach ridges marking
former positions of the shoreline during the last 4 ky, and indicating the efficacy of wave
processes at reworking the prograding delta front sediments [3,7]. It has been identified as
an active delta lobe and a site of interaction between river and marine processes. The river's
influence extends 60 km out to sea, and the marine influence reaches 80 to 100 km inland
via the river channels [1]. Under the influence of the semidiurnal tide of the East Sea, salty
water intrudes into the river systems of almost the entire Bentre area. The climate of this
area is subtropical and dominated by the monsoon, which is characterized by a wet season
lasting from June to October and a dry season during the remaining months. Fine silt is
deposited in the nearshore zone during the wet season, and some of this silt is reworked up
the channels during the dry season. The mean tidal range is 2.5 + 0.1 m and the maximum
tidal range is 3 to 4 m [3]. Dominant southwestward longshore currents are generated by the
winter monsoon.
3. Materials and Methods

In 1997, three borehole cores were taken from the lower delta plain: BT1 (altitude
+3 m above the present mean sea level, depth 40 m); BT2 (altitude +2 m, depth 71 m); BT3
(altitude +2 m, depth 29 m) (Fig.1). The core samples were split, described and
photographed. X-radiographs of slab samples were taken throughout all split cores. Sand
and mud contents were measured every 20 cm throughout the core. Sand samples were 5 cm
thick and mud samples were 2 cm thick. After organic materials were removed with 10%
H,0,, sands were separated on a 63-pm sieve under pored water. After measuring the dry
weight of sand portion, sand contents were calculated. Fossils and microfossils such as
diatoms, foraminifers, and mollusca species were identified and counted under optical
microscope. Fifteen 1C ages were measured on plant fragments and molluscan shells by
accelerator mass spectrometry (AMS) at the Center for Chronological Research, Nagoya

University, Japan, and at Beta Analytic Inc. Calendar ages were calculated by the INCAL98
calibration curve.

4. Results

11 sedimentary facies have been divided on the basis of the combined characteristics
of grain size, color, and sedimentary structure of the sediments and the contained mollusca,
foraminifers, and diatoms from the BT1, BT2 and BT3 cores. The identified facies are Late
Pleistocene undivided sandy silt, estuarine channel/tidal river sandy silt, muddy tidal flat/salt
marsh, estuarine marine sand and sandy silt, transitional sandy silt, open bay mud, sandy lag,

prodelta mud, delta front sandy silt, subtidal to intertidal flat sandy silt, and subaerial deita
plain facies (Fig. 2).
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Fig. 1. Location of the borehole sites and index map of the Mekong River Delta.
The cross-section XY is shown in Figure 2. Geographical information is simplified
after Nguyen et al (2000). Open circles indicate the borehole sites.
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4.1. Late Pleistocene Undivided sandy silt facies

This facies is the lowest part of the section, below approximately —10 m (below present
sea level) at BT1 and —19.5 m at BT3; the facies was not recovered at the BT2 site. It is
composed mainly of mottled, slightly oxidized, yellowish gray stiff silt, silty clay, sandy silt
with subangular-quartz pebbles 0.5-1 cm in diameter, and laterite, suggesting a period of
subaerial exposure. Diatoms and foraminifers are not found in this facies. This facies is
unconformably overlain by the prodelta or delta front facies with a sharp contact in lithology
and color. The overlying sediments may have been deposited in a terrestrial to coastal
marine environment. Radiocarbon dates of oyster shells from similar facies in borehole

samples taken between the Bassac River and the Mekong River suggest an age of 43,420 y
BP.

4.2. Estuarine channel/tidal river sandy silt facies

+ This facies only presented in the lowest part of the BT2 core from -69.0 m to -
62.30 m. It consists of slightly oxidized grey silty sand and fine to medium sand bearing
scattered quartz pebbles in the lower part. Sedimentary structures such as parallel lamination
and lenticular bedding are found. There is an intermixture of miarine plankton and marine-
.brackish and freshwater diatom species. Stephanodiscus astrea, Synedra spp. and Aulacoseira
granulata, indicating a freshwater habitat, are common. Foraminifer species are few, but

suggest a marine, in particular a tidal, influence. This facies is interpreted as an estuary
channel/tidal river.

4.3. Muddy tidal flat/salt marsh facies

This facies presented only at the BT2 site from —62.30 to —54.50 m. It is composed of
interbedded, stiff brownish gray silty clay. Faint lamination is found in the lower portion, and
discontinuous parallel lamination is found in the upper part. Plant fragments and calcareous
concretions are common. Several diatom species, such as Coscinodiscus spp., Thalassiosira
excentrica, Nitzschia sigma, Cyclotella styrolum, and C. caspia, indicating a marine—brackish-
water habitat are found in low abundance. This facies is interpreted as a muddy tidal flat/salt
marsh sediment.

4.4. Estuarine marine sand and sandy silt facies

This facies is found from —54.50 to —35.95 m only at the BT2 site. The base of this
facies is characterized by intercalated yellowish gray coarse sand, silty sand, round to
angular quartz pebbles, and lenticular bedding, current-ripple lamination, and small-scale
cross-bedding. The lower part shows a fining-upward succession consisting of brownish gray
sandy silt with parallel lamination and wavy bedding. The upper part displays a coarsening-
upward succession and consists of intercalated dark gray sandy silt and fine sand with
parallel lamination, cross-lamination (current ripples), wavy bedding, and small-scale cross-
bedding. These characteristics indicate that this facies is strongly influenced by tides. There
is an intermixture of marine plankton and marine-brackish and freshwater diatom species.
Synedra spp., freshwater species Aulacoseira granulata and Stephanodiscus astrea, and
marine planktonic species Coscinodiscus radiatus, C. nodulifer, and Thalassiosira excentrica
are common. This facies is characterized by a high content of small-sized foraminifers.
Shallow-marine genera such as Ammonia spp., Asterorotalia spp., and Quinqueloculina spp.
are abundant. The presence of marine bivalves and the abundance of shallow-marine
microfossils indicate that the sediments were deposited in an estuarine environment and
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4.5. Transitional sandy silt facies

This facies is found from -35.95 to —33.5 m at the BT2 site and consists of intercalated
dark gray clayey silt and sandy silt. Wavy bedding is common in the lower part, which
changes into parallel lamination in the upper part of the interval. Shell fragments and
bioturbation are common. Marine planktonic diatom and foraminifer species significantly
increase. This facies is interpreted as the transition from the estuary environments of the
underlying facies to the open bay environments of the overlying facies.
4.6. Open bay mud facies

This facies is from —35.95 to —20 m at the BT2 site, and mainly consists of homogenous
greenish gray mud with some faintly parallel laminae. Mud content is over 95%. Shell
fragments and incipient nodules are scattered throughout the facies. Marine planktonic
diatom species increase upward and reach over 70%, with high abundance of Coscinodiscus
radiatus, C. nodulifer, Thalassiosira excentrica, and Thalassionema nifzschioides, indicating
an open bay or outer bay environment [4,5]. Foraminifer species characteristic of a deep-

water environment increase upward significantly. Marine and shallow marine mollusca are
also found.

4.7. Sandy lag facies
This facies is found only in the basal part of the Holocene succession at the BT3 site
from —19.9 to —18.0 m with iis thickness of 1.9 m. It consists of pebbly sand and marine shell

fragments overlying Pleistocene sediments with erosional contact and overlain by prodelta
facies.

4.8. Prodelta mud facies
This facies occurred at the BT2 and BT3 sites and is about 3 to 4 m thick. It consists

of dark gray silty clay to very fine sand in a coarsening-upward succession. The grain size of
this facies in BT3 is coarser than that in BT2. This facies characterized by interbedded sand
and mud with discontinuous and parallel lamination suggests tidal influence. Shell fragments
and incipient nodules are common. Marine plankton species of diatom are abundant but
decrease in comparison to the underlying embayment mud facies, Thalassionema
nitzschioides obviously decreases in individual. Brackish-water species such as Paralia
sulcata and Cyclotella caspia increase upward measurably. This indicates a shallow marine
habitat that has been supplemented by fresh and brackish-water sources. Total number of
foraminifer species decrease upward markedly. This facies is interpreted as a prodelta
deposit.
4.9. Delta front sandy silt facies

Prodelta mud facies is overlain by delta front sandy silt facies with the gradational
contact. This facies has a thickness of 7 to 10 m at all three sites and represents a common
upward succession consisting of intercalated greenish gray silt, sandy silt, and fine sand.
Cross-lamination (current ripples), lenticular bedding, wavy bedding, discontinuous parallel
lamination, and contorted structures are common. These structures suggest the deposit was
formed under tidal influence. The facies may reflect strong hydrodynamic conditions caused
mainly by tidal currents and high depositional rates. Small shell fragments and mica flakes
are scattered throughout the facies. Diatoms, foraminifer species, and mollusca reflect an
increasing influence of a freshwater habitat. This facies is interpreted as a delta front facies.
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4.10. Subtidal to intertidal flat sandy silt facies _

This facies is 6 to 8 m thick and consists of laminated dark gray sandy silt and fine
sand, which is characterized by wavy bedding, parallel lamination, and lenticular bedding.
Shell fragments and mica flakes are common. Marine planktonic diatom species are
obviously less abundant in comparison with the underlying delta front deposits, but brackish-
water diatom species are very abundant. This facies is characterized by scarcely and poorly
preserved benthic foraminifers. Shallow-marine foraminifer species decrease upward [5].
This sedimentary facies differs somewhat between core BT1 and cores BT2 and BT3 with
respect to grain size and sedimentary structures. The grain size of sediments of BT2 and. BT3
is coarser than that of BT1 sediments. BT1 sediments display a fining-upward succession
with parallel lamination and lenticular bedding, followed by an overlying subaerial delta
plain facies. BT2 and BT3 sediments also show a fining-upward succession; however, they
display a wide variation in sedimentary structures, including wavy bedding, flaser bedding,
and cross-lamination (current ripples) in addition to parallel lamination and lenticular
bedding, and they are covered by coarse sediments of the subaerial delta plain facies.

The features of this facies are tide-influenced, and it is interpreted as a subtidal to
intertidal flat facies. However, the facies in BT2 and BT3 was influenced not only by tides
but also partly by waves as evidenced by the increasing in sand content, and the presence of
current ripples in the sedimentary structures.

4.11. Subaerial delta plain facies (marsh and beach ridge)

The thickness of this facies is 4 to 5 m. The sediments of BT1 consist of peaty dark silty
clay and sandy silt with rich organic matter and mica flakes. The facies is characterized by
discontinuous parallel lamination and lenticular bedding. Brackish- and freshwater diatom
species obviously increase, while marine plankton species decrease. Cyclotella caspia, C.
styrolum, Synedra affinis, and Stephanodiscus astrea increase appreciably, while
Coscinodiscus radiatus, C. nodulifer, Thalassiosira excentrica, and Actinocyclus ehrenbergii
decrease. This indicates a brackish-water habitat. Foraminifers are not found in the
sediments. The sediment facies in the BT2 and BT3 cores consists of well-sorted fine
yellowish brown and gray sand, with some rootlets and scattered shell fragments at the BT3
site. Fresh/brackish water diatom species are common. This facies probably represents an
intertidal to supratidal flat/salt marshy deposit at BT1. The sediment facies at the BT2 and
BTS3 site is interpreted as sand dune/foreshore sand forming beach ridges.

5. Discussion
5.1 Sea-level changes and sediment facies

The BT2 core shows a thick succession for the last 13 ky after the LGM, while the
sediments from the other two sites are only 10 to 20 m thick and represent the Holocene
succession overlying weathered Pleistocene sediments. Therefore, the incised valley formed
by the paleo-Mekong River during the LGM passes under the BT2 site, and the other two
sites sit above terrace-like interfluves. The incised valley was filled by estuarine sediments
during the rise of sea level after the LGM. Because the onset of Holocene sea-level
highstand is reported to be about 5 to 6 ky BP in southern Vietnam [3,7], the boundary
between the estuarine facies and the bay facies almost coincides with the highest sea level
of the Holocene. The occurrence of the maximum flooding surface (MFS) also dates to
around this time in this area. The deltaic sediments in the three cores formed after the MFS.
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The lowest part of the Holocene succession at the BT3 site consists of a sandy and shelly
lag facies. Although the sediments appear to be transgressive lag sediments on the basis of
facies characteristics and succession, '*C ages date the facies to 4.0-4.2 ky BP, or after the
MFS. This means that these sandy lag sediments were deposited on the downlap surface
after the maximum flooding and that such sandy lags can be formed not only by
transgressive erosion, but also by regressive marine erosion on the shelf, or by tidal currents
or by delta lobe switching, when waves rework the abandoned delta lobe. This indicates that
it is not easy to identify whether an erosional surface is transgressive or regressive only from
the presence of a lag sediment facies without dating.

5.2. Delta progradation

The coastal progradation rate of the Mekong River Delta has not been continuous
during the sea-level highstand of the last 6 ky. A decrease in the progradation rate, from 17—
18 m y~" during 5.3 t0 3.5 cal ky BP to 13—14 m y™' during the last 3.5 cal ky, and a change in
coastal plain topography from fluvial/tide-dominated features to wave-dominated (beach
ridge) features. Reduced progradation rates are reflected b.y southward sediment dispersal
by longshore currents caused by monsoon-generated waves [5].

The detailed isochrones in the cross-section (Fig. 2) indicate the changes in delta
progradation for the last 5 ky. By using '“C dates and the present topography of the
subaqueous delta, we can calculate the progradation rates between sites BT2 and BT3, and
between site BT3 and the present subaqueous topography. Estimated progradation rates are
8.5 m y ' at —20 m altitude between BT3 and the present subaqueous topography, 10.5 m y!
and 10.1 m y~! at =15 m altitude between sites BT2 and BT3 and between the BT3 site and
the present subaqueous topography, respectively, and 12.4 m y“ and 14.4 m y'1 at =10 m
altitude between sites BT2 and BT3 and between the BT3 site and the present subaqueous
topography, respectively. These data indicate that the shallower part of the delta has a high
rate of migration, resulting in the change to a steeper delta front topography with delta
progradation during the last 5 ky. This topographic change can be linked to changes in
sediment facies, progradation rate, and increased wave influence.

The reason for the abrupt change of delta system is estimated to the result of outbuilding
of the delta system beyond the critical lines to be sheltered by the headland, east of Ho Chi
Minh City. Climate change in the Holocene does not coincide with this delta system change
in timing. Because after the Holocene optimum and highstand at 2-4 m above the present sea

level [3,7], cooling events occurred about 4 ky BP until about 2 ky BP in the South China Sea
and East China Sea.

6. Conclusion

Detailed analyses of borehole samples taken from three sites on the coastal plain of the
Bentre Provine of the Mekong River Delta show the sedimentation in the incised valley
during the last transgression and the late Holocene delta evolution.

The Pleistocene interfluvial zones are covered unconformably by Holocene regressive
deltaic -sediments in BT1 and BT3 sites. The incised valley that formed during last glacial
maximum was located around the BT2 site. The fining-upward succession of the
transgressive incised valley overlain by the coarsening-upward succession of regressive
deltaic facies. Transgressive incised-valley fill sediments are composed of estuarine
channel/tidal river sandy silt, muddy tidal flat/salt marsh, estuarine marine sand, transitional
sandy silt, and finally open bay mud facies in ascending order and dated from 13 to 5.3 ky
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BP. The coarsening-upward succession of regressive deltaic facies after 5.3 ky BP., are
prodelta mud, delta front sandy silt, subtidal to intertidal flat sandy silt, and subaerial delta
plain facies. There are a decrease in the progradation rate, from 17-18 m y™' during 5.3 to
3.5 cal ky BP to 13-14 m y~! during the last 3.5 cal ky, and a change in coastal plain
topography from fluvial/tide-dominated features to wave-dominated (beach ridge) features.

Reduced progradation rates are reflected by southward sediment dispersal by longshore
currents caused by monsoon-generated waves.

TUGNG TRAM TICH VA SU PHAT TRIEN CUA TAM GIAC CHAU
SONG CUU LONG & BEN TRE

Nguyé&n Vin Lap, Ta Thi Kim Oanh
Phin Vién Pia 1y tai Tp. HCM - Trung tim Khoa hoc va Céng nghé Qudc gia

TOM TAT: Tuéng trdm tich va sy phdt trién ciia Péng bing séng Citu Long trong
thoi Holoxen dugc khdo sdt trén co sé phin tich thanh phdn cdp hat, cdu triic trdm tich, vi c&
sinh va tudi tuyét a6 "*C cia ba 16 khoan BT1, BT2 va BT3 & tinh Bén Tre. Mot thung liing
béao mon dugc thanh ldp vao giai doan myc nudc bién thdp nhdt cudi Ky Thit Tu dugc phdt
hién tai 18 khoan BT2. Thung liing nay dugc 18p ddy béi trAm tich cita séng va vinh bién trong
giai doan bién tién lién tuc tiv 13000 ndm dén 5300 ndm cdch nay. Cdc tudng trdm tich hat
tho ciia giai doan bién lii tam gidc chdu tiép theo cd chiéu ddy 10-20 m dugc thanh tgo sau
5300 ndm. Téc dd boi ldn ciia tam gidc chdu gidm tix 17—18 m/ndm trong thoi gian 5300-3500
ndm dén 13-14m/nam sau 3500 nam. Téc dp bdi ldn gidm do su phdn tdn trdm tich vé phia
nam bdi cdc dong ven bién do tdc déng ciia séng tix gié mua.

REFERENCES

[1] Gagliano, S.M., McIntire, W.G., Reports on the Mekong Delta. Technical Report 57
Coastal Studies Inst., Louisiana State Univ., 144 (1968)

[2] Nguyen, N.H., Geological and Mineral Resources Map of Vietnam; Nambo Plain Series
1/200,000. Geological Survey of Vietnam. Hanoi (1995) (Bdn do dia chdt va khodng
sdn Viét nam, loat dong bdng Nam bg 1/200.000. Téng cuc dia chi't Viét nam)

[3] Nguyen, V.L., Ta, T.K.O., Tateishi, M., Late Holocene depositional environments and
coastal evolution of the Mekong River Delta, Southern Vietnam. Journal of Asian
Earth Science 18, 427-439 (2000).

[4] Ta, T.K.O., Nguyen, V.L., Diatom - indicator of sedimentary environments and sea-level
changes in late Pleistocene-Holocene. Journal of Science of the Earth 22, 226-233.
(2000) (Diatom - chi thi mo6i trudng trdm tich vd dao ddng muc nudc bi€n trong
Pleistocen mudn - Holocen. Tap chi Cdc Khoa Hoc vé Trdi Dt 22)

Trang 94



TAP CHi PHAT TRIEN KHCN, TAP 8, S0 9810/2003

[5] Ta, T.K.O., Nguyen, V.L., Tateishi, M., Kobayashi, I., Saito, Y., Sedimentary facies,
diatom and foraminifer assemblages in a late Pleistocene—Holocene incised-valley
sequence from the Mekong River Delta, Bentre Province, Southern Vietnam: the
BT2 core. Journal of Asian Earth Science 20, 83-94 (2001)

[6] Tran, K.T., Sedimentary map of the Mekong Plain 1/250,000. Project of Investigating and
Developing the Mekong Plain. Ho Chi Minh City Univ., 30 (1986) (unpublished, in
Vietnamese)

[7] Woodroffe, C.D., Deltaic and estuarine environments and their Late Quaternary

dynamics on the Sunda and Sahul shelves. Journal of Asian Earth Sciences 18, 393~
413 (2000).

Trang 95



