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ABSTRACT

The Ba Lat estuary is part of the downstream stretch of the Red River Delta, the second-largest Delta in Vietnam
and the 12™ largest in the world. This study analyses GAT borehole sediments in the Ba Lat estuary area to assess
environmental changes during the Late Pleistocene - Holocene period. This entailed detailed analyses of 70 m-deep
borehole data from the Ba Lat estuary area, including structural analysis of 70 m-deep sediment core samples, 230
samples of grain size, 49 samples of Foraminifera, five samples of petrographic thin slices, and four samples of
radiocarbon dating.

The data reveal nine sedimentary facies, including river channel sand facies, floodplain clayey silt facies, tidal
flat sandy-silty facies, bay clayey silt facies, pro-delta clayey silt facies, delta front sandy-silty clay facies, mouth bar
sand facies, tidal flat sandy - silty clay facies, and delta plain silty clay facies. The combined nine sedimentary facies
formed sequentially in time, representing the evolution of the sedimentary environment from the Late Pleistocene to
the Holocene and the evolutionary process from the continental to the estuarine and Delta environment.

The results also enable the geographic identification and delineation of the incised valley in the Red River Delta
during the Late Pleistocene to Holocene period. The sedimentation rate in the incised valley varies from period to
period. In the sedimentation phase of the incised valley, the average accretion rate reached 11.64 mm/year. In
contrast, during the open sea regime (shallow sea near the coast), the accretion rate was observed to be very low, with
a rate of 1.27 mm/year and the period of delta formation had the highest accretion rate, reaching 13.41 mm/year.

Keywords: Red River Delta, Late Pleistocene - Holocene, sedimentary facies, incised valley.

1. Introduction heavy metals, microplastics, and Arsenic
pollution currently impact the environment.
Many events are revealed from the Quartenay
sediments (Hoan et al., 2022, Doan Thi et al.,
2021, Le et al., 2022, Le Duc et al., 2022,

*Corresponding author, Email: vuha@igsvn.vast.vn Hoang Van et al., 2022)

Human activities and natural hazards like
erosion, sea level rise, volcanoes, salinization,
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The Red River Delta (or the Northern
Delta) is located in northern Vietnam and is
the 12" largest river delta in the world. It is
dominated by tides and waves, with a spring
tidal range of 3.2 m and a sediment load of
130 million tons/year (Fan, 2012; Milliman
and Syvitski, 1992). The results of sea level
monitoring in this area show that the sea level
has been gradually increasing between 1960
and 2020 (21.4 cm) (Hai et al., 2022). The
study area has a tropical climate, and
precipitation is mainly concentrated during
the rainy season (80% of the total annual
rainfall) (Luu and Hien, 2022).

The Red River Delta plain revealed that
sediments at these sites could be classified
into three units: fluvial sediments, estuarine
sediments, and deltaic sediments (Tanabe et
al., 2003a, 2003b, 2006; Duong et al., 2020).
The estuarine sediments and the deltaic
sediment are widely distributed across the Red
River Delta. The sedimentary facies are
divided into boreholes such as ND1, DT, VN,
HV, NB, GA (Tanabe et al., 2003a, 2003Db,
2006), CC borehole (Hori, 2004), NP
borehole (Duong, 2009), DA, PD, TL
boreholes (Funabiki et al., 2007), TS, PN
boreholes (Nghi and Toan, 2000), and HH120
borehole (Lam and Boyd, 2001). However,
the distribution of fluvial sediments in the
incised valley is not widespread, and only a
small number of boreholes, such as ND1 and
NP, have detected these.

The Pleistocene - Holocene incised valley
in the Red River Delta contains essential
information about how the Delta evolved and
its sedimentary environment. Previous studies,
including those by Thanh et al. (2018), used
high-resolution shallow seismic data to
identify and delineate incised valleys.
However, there 1is little research on
sedimentary evolution, especially the incised
valley sedimentation. Articles referring to the
incised valley as well as its direction, are

272

attested to by boreholes. Therefore, the
delineation of the incised valley is still lacking
information. The GA borehole (40.2 m depth)
in Ba Lat was performed by (Tanabe et al.,
2006) and identified two sedimentary units
(estuarine sediments and deltaic sediments).
The GAT borehole was conducted near the
GA borehole with a greater depth (70 m
depth) to add information about sedimentary
facies, especially locating the incised valley.

2. Materials and Methods

This article presents new results based on
70 m deep, continuous core samples taken in
the Ba Lat estuary area in the Giao An
commune, Giao Thuy district, Nam Dinh
province (coordinates X: 106°30'48.00"E, Y:
20°15'40"N, Z: +1.1 m) (Fig. 1). The
sediment core was extracted using a rotary
drilling machine, and the intact sample was
subsequently transferred to the laboratory.
The sample was split in half, enabling the
description and composition of the type and
structure  of sediment, including the
sedimentary layers and the variation in the
sedimentary spans, as well as the vegetation
and shell remnants, to understand traces of
biological activity. The microstructures were
identified on X-Ray images by X-ray
irradiation, and images were obtained.

2.1. Grain size analysis method

Using the Particle LA-960 laser scattering
particle size distribution analyzer, the grain
size was divided according to the Wentworth
(1922) scale of sand from 2-0.063 mm, silt
from 0.063-0.0039 mm, and clay less than
0.0039 mm. Two hundred and thirty samples
were collected along the core, with 1 sample
at 20-50 cm intervals. The results are shown
on a graph of grain size distribution along the
core with the parameters such as particle size
composition, sorting, and mean grain size.
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Figure 1. Borehole location and study area

2.2. Foraminifera analysis method

Foraminifera fossils were analyzed on
Euromex sterco microscopes at
magnifications of x10, x20, and x40 at the
Institute of Geological Sciences - Vietnam
Academy of Science and Technology
laboratory. This enabled species classification
based on materials and methods developed by
Jean Piere Debenay et al., 1998, 2012;
Nguyen Ngoc, 2006; Ma Van Lac et al., 2009;
and Yanli Lei and Tiegang Li, 2016.
Specimens for analysis of Foraminifera fossils
were collected with 49 samples along the core
from 1 m to 49 m, 1 sample at 1m intervals.

The analyzed results are shown on a chart
divided into 4 Foraminifera Paleozoic zones
based on richness, number of species, or
discontinuity (no fossils).

2.3. Petrographic thin section analysis
method

The petrographic thin section method was
applied to determine the mineral composition
in loose sediments and the particle size,
selectivity, and roundness. This informed the
naming and explaining of sediment formation,
The selected sediments for analysis are coarse
to medium-grained sand sediments, and 5
samples were taken.
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2.4. "C dating method

Sediment samples, including carbonate
shell fragments and plant humus, were
processed and analyzed at Lab Direct AMS,
USA. These results were calibrated using
Calib Rev 8.1.0 software for marine origin
samples corrected by Marine20 (Stuiver and
Reimer, 2020), and continental samples were
corrected by IntCal20 (Reimer et al., 2020). A
total of 4 samples were analyzed.

3. Results

The evolution of the sedimentary
environment in the study area is shown by
sedimentary facies based on sedimentary
structure observation, grain size analysis,
Foraminifera, and 14C dating of samples.

3.1. Incised valley facies F1
3.1.1. River channel sand facies F1.1

McGowen and Gamer (1970) examined
modern and ancient coarse-grained point bars.

LMDOZ2Z: 59.7M

River channel sediments may encounter wood
fragments, bones, or other materials (Richard,
1992).

River channel sediments are distributed
across the boreholes at 54.5 m and 70 m
depths. These facies are characterized by
grade bedding sand of coarse to fine (Fig. 4,
P17), cross-bedding sand, and silty sand
(Finger 4, P18). The sedimentary parameters
consist of mean grain size (Md): 0.1-0.35 mm,
moderately  sorted. The analyses of
lithographic  thin  sliced samples by
Microscope at depths of 69.8 m, 66.7 m,
63.7 m, 59.7 m, and 55.7 m (Fig. 2) indicate
that the material composition is mainly quartz,
accounting for 50-75%, as well as feldspar (1-
3%), mica (3-7%), and rock fragments (15-
32%), of medium to good roundness and
moderately to well sorted upward trend. Some
wood fragments occurred at a depth of 69.47-
69.51 m. The '*C dating of 12,870 years BP at
the 69.51 m depth (Table 1).

LMD3: 63.7M

Legend:

Qz: Quaczit

Qp: Metamorphic Quartz
Qm: Igneous Quartz

Q-se: Sedinmentary Quartz
Si: Silic (recrystallized quartz)
P: Plaziocla

I: Felspat

S: Serixit

M: Mica

Figure 2. Sediment samples under a Microscope in the GAT borehole
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Figure 4. Sample GAT borehole

Borehole legend: P18: medium sand, cross-bedding; P17: medium to fine sand, grade bedding; P16:
laterite clayey silt; P15: clayey silt thick layered; P14: silty sand shell fragments; P13: silty sand flaser
bedding; P12: clay pebbles; P11: clayey silt thick layered with shell fragments; P10: yellow clay pebbles;
P9: sand parallel thin layered; P8: dark green clay thick layered; P7: fine - grain ripples parallel; P6: silty
clay thick layered; P5: clayey silt and fine - grain parallel, obliquely layered and ripples; P4: silty sand
parallel, obliquely layered; P3: fine - grain parallel layered; P2: silty clay and fine - grain parallel layered
containing humus; and P1: clayey silt thick layered
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Table 1. Results of Radiocarbon dating *C in the GAT borehole

No | Lab sample number | Symbol Depth (m) | Conventional Age (yrBP) Calibrated Age (cal yrBP)
1 D-AMS 042871 | (GAT/CO01) 20,15 962+44 466 654 560
2 D-AMS 042872 | (GAT/C02) 36,8 2941442 2607 2866 2740
3 D-AMS 042873 | (GAT/C03) 47,16 9894+66 10752 11149 10950
4 D-AMS 042881 | (GAT/C04) 69,51 10921474 12742 12993 12870

3.1.2. Floodplain clayey silt facies F.1.2

A floodplain is an area of land adjacent to a
stream or river which stretches from the banks
of its channel to the base of the enclosing
valley walls (Davis, 1992). The floodplain
sediments are distributed at 52.4 - 54.5 m depth
in the borehole sample. The composition
consists of brown clay with a parallel
horizontal layered structure and sedimentary
parameters of median grain size (Md) (< 0.05)
and a degree of sorting (So) of 1.5-3. At a
depth of 53.8-54 m (Fig. 4, P16), the sediment
contains many yellow laterite clasts (0.5-1 cm
in size). The laterite clast may be transported
several kilometers and deposited by floods (Li
et al., 2017). Plant humus is also often
observed in spots and nests scattered within the
sediment, ranging in size from a few mm to
lem; even 2 cm pieces of wood are found at a
depth of 53.1 m (Fig. 4, P15).

3.2. Estuarine facies F2
3.2.1. Tidal flat sandy-silt facies F2.1

The tidal flats sediments consist of gray,
fine-grained sand at 49.6-52.4 m depth, with
median grain size (0.005-0.15) and a degree
of sorting (So) of 1.5-2.5. This sediment has
flasher bedding structures (Fig. 4, P13). Flaser
bedding structures are tidal structures that
belong to one of the three typical structures of
intertidal sediments (Nichols, 2009). The
sediment contains many shell fragments,
especially at 51.5 m depth (Fig. 4, P14).
Foraminifera are absent.

3.2.2. Bay clayey silt facies F2.2

The bay facies are distributed at a depth of
38.0-49.6 m and are mainly composed of
brown clayey silt with an average particle size

between 0.02 and 0.04 mm and a degree of
sorting of 2-2.5. The sediment has thick,
parallel, horizontal, and massive layering
(Fig. 4, P11) and contains many shell
fragments distributed continuously at different
depths but at an average interval of 31 cm.
These shell fragments have typical sizes of
between 0.5 cm and 1 cm. Clay pebbles from
wave and tidal erosion are also encountered at
38.5 m and 46.3 m, with a size of about 1cm
(Fig. 4, P12). Analysis of 7 Foraminifera
samples at depths of 38.5 m; 39.5 m; 40.5 m;
43.1 m; 449 m; 46.7 m, and 48.5 m was
undertaken. However, no fossils were found
in the sediments. The absolute Age of '‘C
analysis at a depth of 47.16 m showed 10,950
years cal BP (Table 1).

3.3. Deltaic facies I3
3.3.1. Prodelta silty clay facies F3.1

These facies are distributed at depths of 32-
38 m and are characterized by grayish-green,
massive silty clay (Fig. 4, P8), and grayish-
brown lamination sand containing many shell
fragments were observed at depths from
35.35 m to 37.57 m, and depths between 36.6
and 36.8 m particles from erosion caused by
waves and tides in the coastal area were
observed (Fig. 4, P9). Silty clay has a mean
grain size (Md) of 0.02 and 0.03 mm and a
degree of sorting (So) of 2.5-3.5. Clay pebbles
are scattered throughout this facies, especially
at a depth of 37.95 m, where a solid yellow
clay pebble with a diameter of about 2 cm was
encountered (Fig. 4, P10). The '“C dating of
2,740 cal BP at the 16.8 m depth. The sediment
contains rich and diverse fossils, large and
visible at the surface. Some species typically
living in shallow seas relatively far from shore
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were identified in the sample, such as
Pseudorotalia Indo-Pacific, Textularia
foliacea, and Biggenerina nodosaria (Stephen
J. Gallagher et al., 2009; Reymond et al., 2014;
Armon et al., 2015; Lei and Li, 2016). Fossils
are less diverse and abundant at depths
between 30m and 36m, particularly in the
lower parts (36-38m). However, even at such
depths, typical species for shallow coastal
marine environments were found, such as
Hanzawaia nipponica, Cibicidoides
wuellerstofi, Ammonia pauciloculata, and
Elphidum advenum (Nguyen et al., 2006; Mai
et al., 2009; Armon et al., 2015; Zhao et al.,
2018). At depths of 30-36m, the more
significant influence of sediments from the
continent reduces the abundance and diversity
of Foraminifera species.

3.3.2. Delta front sandy - silty clay facies F3.2

The delta front sandy-silty clay facies are
distributed at depths between 11 m and 30 m.
The main composition is thick brown silty clay
and parallel, cross-bedding fine sand (Fig. 4,
PS5, P6, P7). The silty clay has an average
particle size of 0.02-0.04 mm and a degree of
sorting of 2.2-2.4. The fine sand has an average
grain size of 0.06-0.07 mm and a degree of
sorting of 2.3-2.6. In the cross-section, coarse
grains gradually increase from bottom to top,
and rare sediments with fragments of shells,
due to stable dynamical conditions from waves
and tides, are also observed. The results of
radiocarbon dating '*C at a depth of 20.5 m
give the Age of 560 years cal BP. The
abundant source of material from the continent
brought out through the river mouth developed
the pre-delta and greatly affected, and
continues to affect, the living environment.

The sedimentary sets contain many fossils
at depths from 24-27.6 m, 21-22 m, and 18-
20 m, with typical species living in shallow
seas identified, such as Rotalidium annectent,
Ammonia Rolshauseni, Cibicidoides
lobatulus, and Ammonia  pauciloculata
interspersed with sedimentary sets with no or
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scarce fossils at depths from 27.6-20 m, 22-
24 m, 20-21 m, and 7-18 m. In these
sedimentary sets, some sand shell species
typical for coastal intertidal areas were
identified, typically Haplophragsmoides sp.,
as well as some benthic shell species such as
Ammonia sp. And Quingueloculina sp.
(Nguyen, 2006; Mai et al., 2009).

3.3.3. Mouth bar sand facies F3.3

Mouth bar sand facies are distributed at
depths of 4-11 m, containing predominantly
sand and poorly clayey silt. Sand particles are
more frequent and coarser at the bottom than at
the top. The average particle size is between
0.03 mm and 0.08 mm and a degree of sorting
of 2-3.3. The upper part of the dune is mainly
composed of sand containing many mica
scales. The sediment has an obliquely layered
structure (Fig. 4, P3, P4). The sediments are
fossil-poor, with the number of individuals and
the species composition being low, as well as
tiny sizes of fossils with thin shell walls that
are easy to break. Quinqueloculina sp.,
Ammonia tepida, and Ammonia sp. were found,
both typical for estuarine environments,
especially coastal tidal flats.

3.3.4. Tidal flat clayey, silty sand facies F3.4

Tidal flat facies are distributed at a depth
of between 1.5 m and 4 m and are mainly
composed of fine sand and brown, grayish-
brown clay containing plant humus. The
sediment structure shows thin interspersed
diagonal layers, with an average particle size
of 0.01-0.03 mm and a degree of sorting of
1.5-2.5. The sediments have many traces of
biological activity, including plant roots and
clay humus deposits (Fig. 4, P2), but are
fossil-poor in terms of taxonomic composition
(4 species). The typical species observed is
Ammonia tepida - adapted to brackish water
in coastal intertidal areas (Debenay et al.,
1998, Nguyen, 2006).

3.3.5. Delta plain silty clay facies F3.5

The borehole is located in the coastal
estuarine area, where the alluvium has only
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formed recently. In addition, the artificial dike
system has also blocked a significant portion
of sediment delivery to the deltaic plain.
Hence, the sediment layer is still relatively
thin, with a 0 m to 1.5 m depth. The sediment

clay with a thick layer structure (Fig. 4, P1),
and the average particle size is between
0.01 mm and 0.02 mm, and the degree of
sorting is 2.1-2.3. Rare deposits of shell
fragments are also observed. No fossils were

found in this facies.

is predominantly composed of brown silty

(b)-2,1m (d)-16,5m

0.4mm

(f)-19,5m (g)-21,5m (h)-21,5m

0.4mm

(t)-37,5m

(p)-37,5m (q)-37,5m (r)-37,5m (s)-37,5m

Figure 5. Photos of Foraminifera fossils of the GAT borehole
a-e: Ammonia tepida, Quinqueloculina sp., Quinqueloculina sp. (broken fossils are not intact),
Haplophragsmoides sp., and Ammonia sp.; f-j: Hanzawaia nipponica, Rotalidium annectens,
Quinqueloculina lamarkiana, Ammonia pauciloculata, and Cibicidoides wuellerstorfi; k-o: Textularia
foliacea, Cibicidoides lobatulus, Biggenenrina nodosaria, Adelosina phillippinensis (mature individuals
reach large sizes), and Globigerinoides sp.; p-t: Pseudorotalia indopacifica, Globigerinoides ruber,
Amphistegina lessonii, Globigerinodies elongatus, and Siphonperta agglutinans
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Figure 6. Distribution chart of Foraminifera fossils in GAT borehole
I: Group of fossils living commonly in shallow, coastal and offshore marine environments; /I: The fossil
group that commonly lives in the intertidal environment, in brackish water near the river mouth. 1, 2, 3, 4:
Paleontological fossil zones

4. Discussions which was recorded by paleo-shoreline at
. . depths of -50 m, -30 m, and -15 m at the

The Pleistocene to Holocene sedimentary respective times of 11,000, 10,000 and 9,000
evolution in the Ba Lat river mouth (the Red years BP (Hanebuth et al., 2000), and the
River Delta) underwent three stages: the pighest sea level rise reaches +2-3 m in the
incised valley filled, estuarine, and deltaic. period 4000-6000 years BP (Lam and Boyd,
4.1. The incised valley-ﬁlled stage 2001) The ﬁllll’lg of incised .Valley occurregi at
the beginning of the Flandriand transgression

The last glacial maximum was about vy the river channel and floodplain sediment
20000 years BP with a sea level of -120 m,  facies found in the GAT borehole at a depth
followed by the Flandriand sea level rise, of 54.5-70 m by dating of 1287 yr BP (Fig. 7).
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Figure 7. Accumulation curve of the core drill in the Red River Delta.
The sea level curve by Tanabe et al., 2003b
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Based on the contour of the Groundwater
table data, the line of the incised valley was
sketched out by Tanabe (2006). However, the

facies sediments at GAT, NP, and NDI core
indicate a new route of the incised valley

(Fig. 8).

107°E

.
.
o

K The incised valley line predicted from
/’ the groundwater table (Tanabe 2006)

,‘606\/ Ground water table

- Pre-Quaternary bedrock
20°NH I:l Pleistocene terrace
I:l Lowland

D:I:D Tidal flat

This study core: GAT

Previous:

GA, HV, ND-1, NB, DT, CC: Tanabe at al., 2006
NP: Duong et al., 2009

Gulf of Tonkin

50 km

Figure 8. Sketch of incised valley route in the Red River Delta (modified after Tanabe et al., 2006)

The NP borehole (70 m depth) (Duong,
2009) is located on the other side of the Red
River (about 8 km northeast of the GAT
borehole). Holocene sediment in the NP
borehole ends at 69.5 m depth. The NP
borehole's cross-section has identified deltaic,
estuarine, and filling incised valley facies. In
contrast, the GAT borehole drilled to 70 m
depth identified the incised valley sediment

(from 54.5 m to 70 m depth). Therefore, the
maximum depth of the incised wvalley
sediment at the GAT borehole has not been
determined.

In the Red River Delta, the ND1 borehole
(Tanabe et al., 2003b) is located in the upper
part of the Delta compared to the GAT
borehole (40 km southwest). The incised
valley sediment facies are distributed in the
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NDI1 and GAT boreholes at different depths
(54-70 m and 54.5-70 m depths, respectively).
The floodplain sediments are similarly
distributed at differing depths in the ND1 and
GAT boreholes (45-54 m and 52.4-54.5 m
depths, respectively). This implies that the
direction of the incised valley sediment from
high to low parts is present at both ND1 and
GAT boreholes. Moreover, the comparison
between the GAT and NP boreholes shows

that the riverbed at around 12,870 years BP
was further to the west compared to where the
Red River is now.

The channel of incised valley inclined
towards the GAT borehole. In contrast, the
NP borehole locates at the edge because the
channel sediment facies were not found, only
dawned floodplain facies at the NP core,
whereas in GAT boreholes, both facies were
found (Fig 9).
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Figure 9. Cross-section of sediment facies in the Ba Lat river mouth

4.2. Estuarine stages

Estuarine formations were found in the
GAT borehole (38.0-52.5 m depth), including
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sedimentary facies such as tidal flat sands and
bay clayey silt facies. Estuarine sediments are
also found in the ND1, DT, CC, VN, GA, and
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NB boreholes at 20.5-45.0 m; 22.6-41.3 m;
23.8-29.4 m; 36.6-40.2 m; 34.5-45.0 m
depths, respectively (Tanabe et al., 2003b,
2006; Duong, 2009). As illustrated in the
results, the estuarine sediments at the GAT
borehole are distributed at the greatest depth
(52.4 m depth). The '“C Age of this sediment
at 47.16 m depth is 10,950 yr BP, and the
oldest ages at the ND-1, DT, CC, VN, GA,
and NB boreholes are 11,400, 10,400, 9,500,

10,000, 10,500, and 10,200 yr BP,
respectively (Tanabe et al., 2003b, 2006;
Duong, 2009). Therefore, estuarine

sedimentation likely began to form from
11,400 yr BP to 12,870 yr BP.

4.3. Deltaic stages

Due to sea-level rise, the ocean moved
further inland, reaching a high stand of 5-6 m
above the present sea level, some 6,000-
5,000 yr BP (Lam and Boyd, 2001). The Red
River  estuarine system has  shown
accumulation and widespread sediment
dispersion. Therefore, accretion dominated
and formed deltaic lobes, forming the Delta.

Most of the world's Holocene deltas began
to form between 9,500 and 7,400 yr BP
(Stanley and Warne, 1994). The Red River
Delta began to form around 8,500 yr BP, as
determined by the maximum flooding surface
in the CC, DT, and ND2 core cross-sections
(Hori et al., 2004). The Age of pro-delta
sediments at the GAT core is 2,749 cal yr BP
(*C analysis at 36.75 m depth). At this time,
substantial accretion of deltaic facies began.

4.4. Sedimentation rate in the Ba Lat River
mouth

The sedimentation rate varies for each
stage of delta evolution, which is apparent in
the analyses of '*C dating. The sedimentation
stage resulted in rich sources of sediment
from the continent depositing in the valley. In
contrast, sea level rise accelerated the
accretion of river beds and valleys. Results of

the '*C dating at depths of 69.51 m and
47.16 m give the corresponding ages of
12,870 BP and 10,950 years BP, respectively,
with an average accretion rate of
11.64 mm/year (Fig. 10). During subsequent
sea level rise, the Bay estuary was formed.
The estuary moved further and further inland,
with the location of the study area becoming
an open sea area experiencing minor sediment
accretion (as evidenced in the thin thickness
of sediment in the GA core), with high rates
of erosion caused by strong waves, (Tanabe et
al., 2006). Comparing the results of absolute
age analysis at a depth of 47.16 m and
36.75 m, the Age of 10,959 years BP and
2,740 years BP, respectively, show that the
deposition rate in the open sea was shallow,
reaching 1.27 mm/year.
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Figure 10. Sedimentation rate at the GAT borehole
5. Conclusions

The GAT borehole was taken at the Ba Lat
river mouth, which belongs to the Red River
Delta; based on the grain size distribution,
foraminifera fossils, structure sediments, and
'“C dating, the Pleistocene - Holocene
sediments were identified by 9 sedimentary
facies, belonging to three groups: Incised
valley facies (river channel sand facies, and
floodplain clayey silt facies); Estuarine facies
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(tidal flat sandy-silt facies, and bay clayey silt
facies), and the deltaic facies (prodelta silty
clay facies, delta front sandy-silty clay facies,
mouth bar sand facies, tidal flats facies, and
delta plain silty clay facies). The Age of the
filled incised valley is 12,870 yr BP, while the
estuarine clayey silt facies formed around
10,950 yr BP, and the pro-delta around
2,740 yr BP.

The presence of the incised valley and
sediment-filling during the late Pleistocene to
early Holocene at the site of the GAT
borehole has been demonstrated by river
channel and floodplain sediment facies dating
to 12.870 yr BP. The location of the two
boreholes (GAT and NDI1) is oriented to
determine the route of the cut valley in the
Red River Delta.

The cross-section connecting NP, GAT,
and GA boreholes in the Ba Lat estuary shows
the river channel of the incised valley in the
Late Pleistocene located southwest of the
present Red River channel.
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