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Abstract
The west coast of Camau (Southeast Vietnam) connects two semi-enclosed East Sea and Thailand Bays, allowing water exchange 
between them. Despite its importance to the oceanographic evolution of the region, it has still been poorly studied. Therefore, Sub-
bottom profilers are used across shallow sea waters with some applications, such as sea-level studies, sedimentation process and 
geomorphology. In the whole survey area, 6 high-resolution shallow seismic measurements have been performed with a total length 
of 60.6 km, and all have recorded good reflected signals in the range 20–70 ms. In this section, physical characteristics and nature of 
petrology in the survey environment are quite uniformly shown. The topography of the seabed in the survey area tends to be gradually 
shallower from west to east, and is relatively flat. Particularly, on the cross section of the T1 line, it is visible that the first section of 
the line has a rather steep and deep terrain, which may be the slope of the continental shelf in the survey area. Wedge-shaped, oblique, 
corrugated and transverse structures all appear on the cross-sections. In the survey area, the shallow geological structure in the 
Holocene sediments is divided into 4 layers, and the structural boundary between the  Holocene and Pleistocene sediments at the depth 
of 25–35 m is observed. In addition, geological faults are also detected on geological sections from seismic sections. For instance, at 
the section of T6 line, two faults were detected at the beginning of the line. The displacement amplitude of these faults ranges between 
1.5–4 m. This new dataset will contribute to future comprehension of the geologic and oceanographic evolution.

Keywords: west coast of Camau, high-resolution shallow seismic, sub-bottom profiler, cross-section, Holocene-Pleistocene sediments

Introduction
Coastal areas of Camau province have a special place 

in Vietnam's marine economic development strategy. By 
254 km of coastline, enveloping Camau peninsula, adjacent 
to both the East and West Seas (Gulf of Thailand), the sea, 
coastal areas and island clusters in Camau province have a 
particularly important position in terms of national security 
and economic development of the country. In particular, the 
west coast of Camau province has an international biosphere 
reserve, including beach ecological areas, Camau mangrove 
forests, Camau flooded areas, Gulf of Thailand, protective for-
ests coastal west Camau. Up to now, the coastal area along 
the west Camau sea area has not been studied in detail (Dung 
et al., 2013). Some of the meager research results have been 
published only on the surface of the geography, sea bottom 
shape, flow, waves and wind are the main (Lap et al., 2000). 
The study in detail of the geological structure of the coastal 
floor of Camau western province is an urgent requirement, es-
pecially for the planning of development of coastal construc-
tion works in Camau.

Among geophysical methods to survey the geological 
structure of the shallow waters, we have chosen a high-resolu-
tion seismic method that is the most appropriate one for the 
survey and determination of the shallow geological structure 
in this area. The main advantage of this method is compact 

and lightweight device system, allowing detailed determi-
nation of geological structure sections with high accuracy 
(Alves et al., 2020; Amri, 2019; Aquino da Silva et al., 2016). 
However, because of single-channel registration, this method 
has limitations in anti-interference ability, especially in areas 
with complex geological structures (Lurton, 2002). Therefore, 
research to improve the effectiveness of their application is 
very necessary. This method is often used to study the shallow 
geological structure in the sea with a depth of several hundred 
meters (Grelowska et al., 2010; Saleh and Rabah, 2016). The 
research object of shallow geology and geophysics are mainly 
geological formations located in the upper part of the geo-
logical profiles, interesting for mineral prospecting and engi-
neering geology (Kadima et al., 2011; Kozaczka et al., 2013). 
High-resolution shallow seismic equipment systems contin-
uously emit and record reflected waves in the high frequen-
cy range of a few hundred to several thousand Hz, achieving 
horizontal resolutions of 3-5 m and vertical resolutions of 
0.5-1m (Amri, 2019; Angulo et al., 2006; Aquino da Silva et 
al., 2016; Grelowska, 2010; Saleh, 2016; Wang et al., 2019). 
Because, the main objective of the study of the shallow sea 
area west of Camau was to determine the shallow geological 
structure for this coastal area limited to the Holocene sed-
imentary layer, and the Holocene-Pleistocene boundary, we 
utilised the system of Sub-bottom profilers. In recent decades, 
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Fig. 1. Geometric kinematic model of acoustic signal for sub-bottom profiler detection (Modified of Ding et al., 2021)

Sub-bottom profiler has been widely used in underwater ter-
rain measuring, hidden  structure exploration, buried objects 
searching (Alves et al., 2020; LeBlanc, 1992; Ding et al., 2021). 
Beside the structure information in the data collected by pro-
filer, the property of bottom sediment in shallow water also 
can be found out by inversion process. Therefore, our research 
area is limited to the west coast of Camau province with geo-
graphical coordinates as follows: 8° 38' 42.61" - 9° 31' 38.27" N 
and  104° 29' 52.72" - 104° 50' 3.14" E.

Methodology and equipment
High resolution shallow seismic method
Seismic waves

An underwater source of sound waves generates elastic 
waves that propagate with velocities depending on the elastic 
properies of the medium. Liquids do not react to shear waves 
(S-waves), so they cannot propagate in a liquid medium. There-
fore, in marine surveys, it is only necessary to pay attention to the 
compression wave component (P-wave). Continuously reflected 
seismic signal is highly effective in the aquatic environment, be-
cause water is very effective in transmitting acoustic energy from 
the source to the layers of material below the seabed. Also, signal 
is of lower noise level, because  is not affected by S wave part. 
The average speed of sound waves in seawater ranges 1.46 - 1.56 
km/s depending on ambient temperature, salinity and pressure 
(depth). In the interpretation of seismic lines, the average value 
of wave propagation speed in the water layer is usually assumed 
to be equal to 1.5 km/s (Aquino da Silva et al., 2016; LeBlanc et 
al.,1992; Grelowska and Kozaczka, 2014).

The signal emitted from an acoustic source covers a range 
of different frequencies. To simplify the application of the dis-
cussed method, one often uses the concept of dominant fre-
quency, which is the most common frequency or contains the 
maximum energy. The frequency of an acoustic signal (f) is 
related to the wavelength (λ) and the velocity (v) of the acous-
tic wave according to the formula (Lurton, 2002):

λ =v/f (1)

The dominant frequency of the sound wave source de-
pends on the different types of equipment, ranging from 3.5 
kHz to about a few hundred kHz. From formula (1), it can be 
seen that with the same wave propagation speed in the mate-
rial medium, the higher the frequency of the emitted signal is, 

the smaller is the wavelength, which means the higher resolu-
tion of the received signal. 

When sound waves propagate in the wave propagation 
medium, energy attenuation will occur. There are three main 
mechanisms of this attenuation: (1) geometric attenuation, 
(2) energy absorption and frequency attenuation and (3) re-
flection and reverberation (Lurton, 2002). There are two types 
of repeaters, short repeaters and long repeaters. Short repeats 
arrive earlier than the main reflected wave and significantly 
reduce the original pulse or signal length, while long repeats 
represent a later arrival time (Kadima, 2011).

The phenomenon known as empty acoustic zones shows 
up on some shallow seismic tapes, especially in the coastal 
bays, where the reflections disappear suddenly beneath an al-
most horizontal layer in the bass column sediment. Because 
some types of sediments exhibit properties of absorbing or 
perturbing acoustic energy thereby both limiting energy pen-
etration to deeper layers and impeding signals reflected up-
ward from those strata (Grelowska and Kozaczka, 2010a).

Sub-bottom profiler system equipment
The principle of sub-bottom profiler detection is similar 

to that of multi-channel reflection seismic exploration. First, a 
longitudinal acoustic wave is excited artificially, which during 
propagation can generate a reflection echo at the lithological 
interface of a formation. The reflected signal is received and 
stored by an acoustic transducer or a single receiving cable, 
and then the structure and shape of the submarine formation 
can be displayed in real time (3200-xs sub-bottom system 
user hardware  manual, 2005). As shown in Figure 1, acoustic 
signals excited from transmitter O propagate in seawater and 
submarine sedimentary strata. As different lithological strata 
are encountered, in accordance with the principles of the ge-
ometry of seismic reflection, the incident wave generates α, 
reflection wave at angle β, that is equal to incident angle α at 
the interface. The transmission angle γ, is determined by the 
sound wave propagation velocity of the upper and lower lay-
ers at the interface. If the sound wave propagation velocity of 
medium  2 below the seafloor interface is greater than that of 
medium 1 above the interface, transmission angle γ is greater 
than incident angle α, and vice versa. This case is only true 
when the distance between the receiver and the transmitter is 
large enough. In the case of only one channel as shown in Fig-
ure 1, it should be noted, because it may not be appropriate.
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Fig. 2. Components of the Sub-bottom profiler measuring instrument system: a) 3200-XS  Processing System, b) Towing device SB-216S, c) Kevlar 
Reinforced Tow Cable

Fig. 3. Flow-chart of Sub-bottom profiler data processing

As the transmitted wave continues to propagate down-
ward, new reflected and transmitted waves continue to be 
generated at subsequent acoustic impedance interfaces until 
the energy of the transmitted wave is too small to generate a 
reflected echo of effective energy. To form a strong reflective 
echo at an interface, there must be an obvious difference in 
the acoustic impedance condition at that interface.

The reflection coefficient, R can be expressed as follows 
(LeBlanc L.R. et al.,1992):

(2)

where q and v are the density of the sedimentary strata and the 
propagation velocity of sound waves within the strata, respec-
tively, and their product is called wave impedance. Subscripts 1 
and 2 denote the strata above and below the interface, respec-
tively (Figure 1). According to the above equation, the condi-
tion that means the reflection interface can form a reflection 
echo is that q2v2 is not equal to q1v1; the greater is the dif-
ference between q2v2 and q1v1, the stronger is the reflection 
echo energy. The greater is the amplitude of the reflection sig-
nal received by the transducer, the greater is the “gray value” of 
the acoustic reflection in-phase axis displayed  by the recording 
section and the clearer the reflection strata interface. Therefore, 
a reflection interface is also called a wave impedance interface, 
which is consistent with the lithological interface of the actual 
strata and it represents different lithological horizons.

The Sub-bottom profiler is a high resolution broadband 
frequency modulation system that uses proprietary EdgeTech 
technology to generate cross-sectional images of the sub-bot-
tom profiler. seabed and collects incident reflection data 
in digital form over multiple frequency ranges. This device 

transmits a linearly scanned FM (frequency modulation) tone 
pulse over a full spectrum frequency range. Reflections in the 
measuring system are represented as gray streaks or other col-
ors on a computer screen, which can be printed on a printer. 
Data is stored in real time in a large capacity hard drive. The 
Sub-bottom profiler system uses sound sources and receiv-
ers integrated in a tow vehicle to transmit and receive pulsed 
FM signals. The transmitters are wideband transducers and 
the receivers are hydrophone arrays of lead titanatezirconate 
(PZT) crystals. The transducers are located in the inner part 
of the traction equipment and the receiver arrays. They are 
designed to operate out of ships, traveling at speeds of up to 
7 miles/hour. The Sub-bottom profiler measuring instrument 
system is composed of 3 main components: (1) the processor 
which is located on the deck (3200 - XS), (2) the tow vehicle 
SB-216S and ( 3) kevlar fiber reinforced 75 m extension cable 
(Figures 2a, 2b, 2c), (3200-xs sub-bottom system user hard-
ware  manual, 2005).

The 3200-XS Sub-bottom profiler from the U.S. EdgeTech 
Corporation is adopted, which consists of towing fish, towing 
line and deck unit (Figure 2). The towing fish is of the type 
SB-216S and comprised of 1 transmitting transducer and 2 re-
ceiving transducers. The transmitted signal has a beam angle 
of 24°(-3dB). Sound boarding is used to separate the trans-
ducers in order to prevent the downward sound wave from 
interfering the received signal and to minimize surface reflec-
tion. The transducer transmits frequency modulated signal to 
the deep water right beneath it. The transmitted signal is able 
to penetrate into the stratum layers and will be reflected when 
the wave impedance changes. The reflected signal is received 
by the receiving transducer and sent to the deck unit through 
the towing line. A Topcon GPS  system was connected with 



218 Inżynieria Mineralna — Lipiec – Grudzień 2023 July – December — Journal of the Polish Mineral Engineering Society

Fig. 4. The location of sub-bottom profiler measurement lines

the host machine of the deck unit. The GPS coordinate corre-
sponding to each measuring point is extracted using the col-
lection software. Flow-chart of data processing sub-bottom 
profiler  was shown at Figure 3.

Sediment layers external shape and internal texture of 
sub-bottom profiler cross section records conducted using seis-
mic facies analysis. This analysis was made to determine en-
vironmental depositing of seismic reflection characteristics, as 
well as continuity of amplitude, velocity, frequency and phase.

Geological characteristics of the study area
The study area is located on the west coast of Camau prov-

ince, at the intersection of the East Sea and the Gulf of Thai-
land. The province of Camau is the low-laying area, with a 
typical height of 0.5-1 m above sea level. In Camau province 
the Cenozoic deposits are 300 m thick on average. The sub-
sidence of the Mekong Delta basin in the Neogene was caused 
by the uplift of the Himalaya orogenesis, which was accompa-
nied by high erosion rates in the mountains which provided 
large amounts of material, that formed the Mekong Delta sed-
iments. Repeated cycles of marine transgression and regres-
sion during the Neogene and Pleistocene lead to a sequence 
of marine and ter restrial/alluvial facies. Glacial and events in 
the Pleistocene caused particularly strong regression and ero-
sion (Stattegger et al., 2013). The stratigraphy, lithology, and 
facies of the unconsolidated sediments, are briefly described 
from the oldest to the youngest in the following sections on 
the base mainly on information from some boreholes with 
typical lithology and micro- paleontological evidence (Dung 
et al., 2013; Moley., 2002; Wagner et al.,2012).

Miocene (N1)
Upper Miocene, Phunghiep formation (N13ph)

The Phunghiep formation is the deepest unconsolidated 
sediment. Its thickness varies in the range 60-100 m. The bot-
tom of these deep deposits, which corresponds to the top of 
the basement of the basin, dips gradually from the northwest to 
the southeast. The formation is unconformably covered by sedi-
ments of the Cần Thơ formation (N21ct). The Late Miocene age 
(N13) formation consists of  two facies: alluvial-marine depos-
its are overlain by marine deposits. There are the alluvial‐ma-
rine deposits (amN13ph) and the marine deposits (mN13ph).

Pliocene (N2)
Lower Pliocene, Cantho formation (N21ct)

This formation is between 24-89 m thick in Camau prov-
ince. It is unconformably covered by the younger Namcan 
formation. This sedimentary formation consists of 2-3 sedi-
mentary cycles, each starting with coarse- grained sediments 
(sand, sandy silt) at the bottom and fining upward (silt, clay, 
clayey silt, silty clay, and silty sand). Based on the characteris-
tics of the sediments and micro-paleontology, Cantho forma-
tion was formed in a delta landscape with bays, estuaries, and 
shallow sea. This formation is divided into two facies again, 
alluvial-marine deposits are covered by marine deposits.

Middle Pliocene, Namcan formation (N 2nc)
These are the youngest Neogene sediments; there are no 

Upper Pliocene deposits. The thickness of the whole Namcan 
formation (N22nc) varies in the range 55-96 m, the average 
thickness is 79 m. It dips from the northwest to the southeast, 
and covers the sediments of the Cantho formation (N21ct) 
unconformably. There are two facies of this formation: alluvi-
al-marine (amN22nc) overlain by marine deposits (mN22nc). 
These are fine-grained sediments (clay, silt, clayey silt) distrib-
uted throughout the region. 

Pleistocene (Q1)
Lower Pleistocene, Camau formation (Q 1cm)

Thickness changes in the range 36-87 m.The bottom of 
the Camau formation (Q11cm) dips gradually from north-
west to southeast, and unconformably overlays the sediments 
of Namcan formation (N22nc). The Camau formation was 
formed in shallow marine environments of coastal mangroves 
and estuaries. This formation is divided into two facies: al-
luvial‐marine deposits (amQ11cm): in Camau province area, 
the top of the amQ11cm deposits is located at depths between 
84-154 m. Thickness varies in the range 19-77 m. Sediment 
composition includes mainly fine to medium sand; coarse and 
silty fine-grained sand; grey-brown silty sand containing a lit-
tle gravel. The sediment is interbedded with silt layers. Ma-
rine deposits (mQ11cm): in the study area, are the top layer of 
the Camau formation and consists of fine-grained sediments. 
They are observed throughout the region and their thickness 
varies from a few meters to 35m.
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Fig. 5. The structural cross-section for seismic measurement line T1

Fig. 7. The structural cross-section for seismic measurement line T3

Fig. 6. The structural cross-section for seismic measurement line T2

Fig. 8. The structural cross-section for seismic measurement line T4

Middle – Upper Pleistocene, Longtoan formation (Q12–3lt)
In Camau province area, the top of the Q12–3lt deposits 

is located at the depth 42-70 m (average 54 m). Thickness var-
ies between 21-94 m, with an average of 49 m. The Q12–3lt 
deposits unconformably overlays the sediments of the Camau 
formation (Q11cm). The formation is divided in two facies: 
alluvial-marine (amQ12–3lt) and marine (mQ12–3lt). The 
lower part consists of fine-grained sediments. The upper part 
is built of clayey silt, silt, silty sand.

Upper Pleistocene, Longmy formation (Q13lm)
In Camau province area, the top of Q13lm deposits is located at 

the depths 12.5- 45 m. Thickness ranges from 15 to 41 m. The sedi-
ments of the Longmy formation unconformably overlay the Long-
toan formation (Q12–3lt) and are overlaid by Holocene (Q21–2). 
This Longmy formation is divided it in two facies: alluvial‐marine 
deposits (amQ13lm) and marine deposits (mQ13lm): These depos-

its are mainly composed of fine-grained sediments: clay, silty clay, 
clayey silt, silt, grey light yellow to golden brown silty sand. 

Holocene (Q2)
Lower to middle Holocene (Q21–2)

In Camau province area, the top of the Q21–2 deposits is 
located at depths from 1.0 to 6.0 m. The thickness varies from 
10 to 40 m. The sediments unconformably overlay Longmy 
for mation.The formation consists mainly of blue-grey fine-
grained soils and contains humus. The formation is divided 
into two facies: The first one are the mixed alluvial‐marine 
deposits (amQ21–2) which is distributed only in a few plac-
es: 3 to 10 m in depth. The deposits consist of fine sand and 
green-grey silty sand containing humus. The second one are 
the marine deposits (mQ21–2): They are distributed through-
out the study area at depths 1.0 to 6.0 m, consisting mainly of  
mud, clay, silty sand and silt. 
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Middle to upper Holocene (Q22–3)
There is only one facies in this sub-epoch. Alluvial‐ma-

rine deposits (amQ22–3): These deposits are exposed at the 
surface in almost all areas and are mainly composed of clay 
and grey-golden fine sand interbedded with thin dark brown 
clay layers, which contains iron concretions of gravel size. 
They are easily compressible sediments, flexible, and very 
plastic. At some places good quality clay is mined. Sediment 
thickness varies between 1.0 m and 5.0-6.0 m.

Upper Holocene (Q23)
There are two facies of these most recent sediments: (1) 

alluvial‐marine‐swamp deposits (ambQ23)
distributed mainly in the northeast and the northwest re-

gion. The major components of these deposits are clay, silt, 
brown-grey fine sand, humus, and poorly decomposed plants. 
Sediment thickness varies between 1.0 and 1.5 m and (2) al-
luvial deposits (aQ23) which are distributed along the banks 
of the rivers and canals in the form of narrow strips of alluvi-
al sediments. Sediment composition is mainly silt; clay; little 
fine sand and humus. 

Results and discussion
The location of the 6 lines along which the Sub-bottom 

Profiler made the measurements in the study area, in the 
western shallow waters of Camau, adjacent to Thailand Gulf 
is presented in Figure 4. The measuring lines are all in the 
west-east direction and have a definite length (Table 1).

In the Figures 5-10 seismic  cross-sections with the pri-
mary geological interpretation using ReflectW software of 6 
sub-bottom profiler lines are presented.

The structural cross-sections of 6 seismic measurement lines 
are divided into 5 layers with different thicknesses and composi-
tions (Pinson et al., 2008), and are summarized in Table 1.

In the plots of all six high-resolution shallow seismic 
profiles, the recorded reflected signal is up to 120 ms in 
length. But, the well-reflected signals, used in the analysis, 
are in the range of 20-70 ms, showing quite uniformity in 

physical characteristics and petrological nature of the survey  
environment.

Overall, the seismic wave field in the study area is relative-
ly clear, except from some parts of the measured lines due to 
the strong absorption of wave energy, when passing through 
the surface of the seabed, which proves the main sedimentary 
formation is rough grain sand, sand and gas with poor attach-
ment,that makes the research depth of the method limited. 
Thus, the seismic wave field in the sections shows the nature 
of the fine- or coarse-grained petrological composition, when 
the seismic wave is transmitted. In the survey area, there are 
wedge-shaped, oblique, corrugated and transverse structures.

The boundaries in the shallow sedimentary sediment 
structure are important targets to be achieved when using the 
surveyed measurement data with High-Resolution Shallow 
Reflection Seismics. Therefore, while interpreting the seismic 
cross-sections, we have relied on the stratigraphic column 
of some neighboring boreholes and the geological structure 
characteristics of the study area as the basis for linking and 
interpreting the lines as soon as boundaries according to 
structural layers by seismic data. This is especially useful for 
measurement lines where the received seismic wave field sig-
nal is not clear or is too faint when noise sources are excluded. 
The combination of information about geological structure 
and the hole floor and the seismic data has contributed to the 
accuracy of the boundary positions of the sedimentary struc-
ture layers in the shallow water band near the shore and has 
already been achieve necessary reliability.

Overall, the above analysis shows that the terrain of the 
seabed in the survey area tends to be shallow from the West 
to the East (from the sea to the shore) the slope is low, rela-
tively flat, there is no sign of digging and undulating on the 
surface of the seabed. Except, the two positions at beginning 
of T1 line show that the head of the route has quite a steep and 
deep terrain, which may be the slope of the continental shelf 
in the survey area and at the beginning of the T6 measuring 
line, there are also two small-scale geological faults with a dis-
placement amplitude in the range of 1.5 to 4 m.

Fig. 9. The structural cross-section for seismic measurement line T5

Fig. 10. The structural cross-section for seismic measurement line T6
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Conclusion
High-resolution shallow reflection seismic method by 

sub-bottom profiler instrument system has been used to study 
the geological structure and engineering geology in the coast-
al zone with shallow water level in the western sea of Camau. 
The data series collected on the 6 west-east lines with a total 
length of 60.6 km has been processed and interpreted on the 
basis of wave propagation velocity as well as density of the 
associated geological environment. The main goal of the study 
– the geological structure of the sub-bottom formation deter-
mination was obtained. The relationship with materials such 
as silt, mud, clay sand, clay powder, sand powder, and sand 
with different grain size levels and bedrock surface has been 
determined quantitatively. Boundary interfaces in sedimenta-
ry structures with ages from the Pleistocene to Holocene have 
been determined on the basis of division of 4 structural layers 
from the seabed in the survey area. The shallow marine sedi-

ments, the Mekong delta sediments to the tidal flat sediments 
and the boundary of the ancient Pleistocene alluvial surface 
are clearly divided on all measured structural sections. The 
boundary between the Holocene and Pleistocene sediments 
at an average depth of 25-35 m appear on all measurements 
lines in the study area.

The topography of the seabed in the survey area is rela-
tively flat, has a low slope and tends to gradually shallower 
from west to east, from the sea to the mainland. The clay layer 
has a semi-hard to hard state, corresponding to the ancient al-
luvial surface, at an average depth of 30 m, creating favorable 
conditions for the construction of coastal works. However, at 
the beginning of the T6 measuring line, there are also two 
small-scale geological faults with a displacement amplitude in 
the range of 1.5 to 4 m, which may be a kind of obstacle for 
the constructions.

Tab. 1. Characteristics of structural sections according to Sub-bottom profiler data
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