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ABSTRACT: Using the REFLEXW software, Ver. 6.0, analysis and processing of high
resolution shallow seismic data of 13 cross section profiles in the Vung May sea mountain area, the
analytical results have divided the boundaries of the reflected layers on the top surface and slope of
sea mountain at each cross section, corresponding to the boundary of the sediment layers based on
the stratigraphy and the results of previous studies in the study area and adjacent areas. In addition,
the analytical results also determined the depth values and coordinate of the seabed surface on each
section, as the basis to build the 3D model of sea mountain surface and draw the topographic cross
sections to calculate the slope angle at each position on the surface around the sea mountain. Based
on the geomorphological characteristics and slope angle, the sea mountain surface is divided into
three parts: Top surface, slope surface and foot surface. Each part of the sea mountain has separate
geological and geomorphological features. At the top surface, the topography has lagoon-shaped
form, surrounded by elevated edge. The size of the lagoon is about 45 km long, 20 km wide, 10 -
40 m deep and slope angle is smaller than 0.5 degrees (< 0.5°). On the slope surface, topography is
divided into two parts: The first one lies at a depth from the upper flank to -750 m deep, slope angle
is within 8 - 20°% the second one lies at a depth from -750 m to -1,400 + -1,500 m, slope angle is
smaller, varies in the range of 4 - 10°. At the foot of sea mountain, the terrain is a large area, at the
depth of -1,400 =+ -1,500 m with slope angle within 1 - 5°. The results obtained in this study are
consistent with previous studies in the area and adjacent areas.
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INTRODUCTION

The Truong Sa archipelago is located in the
Eastern Vietnam Sea, belongs to the Khanh
Hoa Province and is an integral part of the
Vietnamese territory, has strategic position of
economic aspects, politics and defense -
security. The Truong Sa archipelago consists of
coral reefs, sand dunes and coral reefs with
hundreds of square meters. The area of the
islands in the Truong Sa archipelago is very
small, no more than 5 kmz2. The average height
of the islands ranges from 2.5 m to 3.5 m,
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especially the height of Song Tu Tay island is
6.0 m [1]. The surface area of the islands in the
area of the Truong Sa archipelago depends on
the season and the meteorological and regional
conditions of the area. The slope angle of these
islands varies within 20 - 30° [2].

The studies in the Truong Sa archipelago
area have been conducted since the 16th
century by Western navigators and the Truong
Sa archipelago was named by the Royal Navy
in 1843. It is also an international name
commonly used to refer to the Truong Sa


http://www.vjs.ac.vn/index.php/jmst
mailto:thanhgislab@gmail.com

archipelagos of Vietnam. Since 1922, the
French began to exploit the Truong Sa and
Hoang Sa archipelago. The most typical
geological study of the islands and continental
shelf of Vietnam is based on the results of the
initial  survey on the  topography,
geomorphology and seabed sediments, is E.
Saurin (1950-1960).

Since the late 1960s, a series of foreign

petroleum companies from Russia, USA,
Australia, Germany, France, Italy, UK,
Malaysia...  conducted  geological and

geophysical surveys in the Sea, including the
Truong Sa islands and Tu Chinh - Vung May
sea mountain. In particular, there was
geological and geophysical study in the Sea,
including the Truong Sa archipelago from the
Far East Center, the Russian Academy of
Sciences. After this period, the geological
features and tectonic structure of the Truong Sa
archipelago and Tu Chinh - Vung May have
been mentioned in other studies by [3-5],...

In Vietnam, the Truong Sa archipelago and
Tu Chinh - Vung May has been studied for a
long time, under Le-Trinh Kingdoom (16" and
17" centuries) and the real researches in this
area have just started after 1975. And to serve
the goal of developing sea-island economy and
protecting territorial waters, surveys in this area
began to be carried out continuously from 1993
to present on the islands and sea mountains of
the Truong Sa archipelago through State-level
research projects belonging to the East Sea -
Truong Sa program. A series of structural
tectonic studies at this stage is published,
typically they are the studies of [6-18],...

In this issue, the studies of [7, 8, 19] have
described in  detail the terrain and
geomorphologic  features and  material
components... in the islands belonging to the
Truong Sa archipelago; [1] have analyzed in
detail the geological and terrain features of
Song Tu Tay, Truong Sa, Nam Yet and Son Ca
islands in the Truong Sa archipelago; [20] have
used a geophysical method to analyze the
geophysical features of the crust to determine
the layer surfaces of the Earth’s crust, fault
systems and sedimentary formations of Truong
Sa archipelago area.

Characteristics of the topography and geology...

Later, [21] used geological data, collected in
April 1998, to analyze the chemical composition
of the samples in Phan Vinh sea mountain area,
Da Tay and has indicated that coral reefs with a
major origin have biological sedimentary,
relatively monotonic carbonate composition;
[22] gave an overview of development trends of
coral reef in the Truong Sa archipelago.
However, most of the above studies have not yet
quantified the geomorphological characteristics
of each island and sea mountain in the Truong
Sa archipelago area.

In this paper, using the high resolution
shallow seismic data collected in 2003 from the
project: “The survey of geology, geophysics
and meteorology in the Southwest of Truong Sa
archipelago and adjacent continental shelf”
performed by Vu Nang Pham and using
REFLEXW software, Ver. 6.0 together with
some other specialized softwares, the authors
will clarify the topographic and morphological
characteristics of Vung May sea mountain
within the region 7°26°35.31"" - 8°8’1.2"°N,
111°15°50.23" - 111°48’ (fig. 1).

Fig. 1. Map of study location

MATERIAL AND METHODS
Material

The data used to analyse topological and
morphological characteristics of Vung May sea
mountain area in three dimensional space (3D)
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are high resolution shallow seismic data of 13
lines with total length of 461.14 km which are
collected from GEONT equipment, Sparker
resource, made in Russia, through the project:
“The survey of geology, geophysics and
meteorology in the Southwest of Truong Sa
archipelago and adjacent continental shelf”,
performed by Vu Nang Pham (2003). The
location of the high resolution shallow seismic
survey lines is shown in fig. 2.
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Fig. 2. Map of the high resolution shallow
seismic survey lines in Vung May sea
mountain area

Methods

The method used in this paper include:
Mapping method - GIS and seismic-
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stratigraphic method. In particular, the GIS
method is used to draw maps, determine study
locations and other information on the map; the
seismic stratigraphic method is used to analyse
and process seismic data through REFLEXW
software, Ver. 6.0, including the below steps:

Step 1: The seismic data collected from
the Sparker sources are converted and
formatted to process using REFLEXW
software, Ver. 6.0, including: Signal filtering,
deconvolution and stacking to get the high
quality of seismic profiles, reflecting clear
boundaries and seismological characteristics.

Step 2: Using the seismic-stratigraphic
method, the boundary of the seismic sequences
is divided based on the contrast in intensity and
frequency; continuity and stability of
synchronous axes... are the base to connect
stratigraphy of the adjacent areas.

Step 3: Building the seismic - geological
cross sections; seabed terrain; reflected surfaces
and the thickness of the sedimentary layer in
three dimensional space (3D). Besides, the
analyses of the angle of the topographic surface
are also determined by using software which is
programmed from the Visual Basic language
Ver. 6.0 and other modules.

ANALYTICAL RESULTS

Topographic and geomorphologic
characteristics
The analysis and building of the

topographic surface of the Vung May sea
mountain area in 3D are conducted on 12 high
resolution shallow seismic lines in fig. 2 and
are presented in fig. 3.

These profiles are then located according to
their positions and represented in 3D as shown
in fig. 4.

By using the REFLEXW software, Ver. 6.0,
high resolution shallow seismic profiles are
processed and filtered to separate the reflecting
layers, corresponding to the boundary of the
sedimentation sequences and determine the
depth values of topographic surface on the each
section. The depth value is expressed by the



points X, Y, Z, corresponding to the value of
each depth and coordinates (latitude -
longitude). These depth values are then
interpolated using Surfer software, Ver. 12.0
and represented in 3D as in fig. 5.
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Fig. 3. High resolution shallow seismic profiles
of Vung May mountain area

Fig. 4. Location of high resolution shallow
seismic profiles in Vung May sea mountain
area in 3D

Characteristics of the topography and geology...

Fig. 5. Three-dimensional (3D) model of
terrain surface and cross section lines in the
Vung May mountain area

The surface of Vung May sea mountain
area after plotting in 3D has the elliptical form
in north-south direction, within coordinates of
7°26°35.31" - 8°’1.2"’N, 111°15’50.23”
111°48’E with 50 - 53 km long, 20 - 25 km
wide.

To analyse geomorphologic and
topographic characteristics in Vung May sea
mountain area, the topographic cross section
lines are designed as in fig. 6.

The topographic cross section lines in fig. 6
are plotted in fig. 7.

The analytical results of each cross section
in Vung May sea mountain area determine that
the top surface is relatively flat; the slope
surface around the sea mountain has the slope
angle varying from 5° to 20°, at the depth from
5-6 mto -1,900 + -2,000 m. Based on the
topographic differentiation of the digital model
and on the cross-sections, the topographic
surface of the Vung May sea mountain and
adjacent area is divided into three separate
parts: Top surface, slope surface and foot
surface.
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The top surface: Is quite flat, surrounded by
the edge, forming lagoons with slope angle
smaller than 5° (< 0.5°). In the center of the sea
mountain, lagoon is about 45 km long and
20 km wide, 10 - 40 km deep (fig. 8).
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Fig. 6. Topography of the Vung May sea
mountain area interpolated from the high
resolution shallow seismic data

At the edge, their structure is complex. The
elevation between the edge and the center of
the lagoon is about 40 - 50 m. The edge is
below the current water level from 1 - 2 m to
10 - 20 m. The edge terrain is not flat with
thousands of meters of difference (fig. 9).
According to the degree of closure of the edge,
this type is open loop atoll (fig. 9).
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Fig. 9. Cross-section of the topography around
the Vung May sea mountain area

Sea mountain slope: The analytical results
of the digital topographic, the high resolution
shallow seismic profiles and topography cross
sections in fig. 3, 7 and 8 show that the surface
of sea mountain slope has wavy form, running
from the top surface to the foot of sea
mountain. The geomorphology of this sea
mountain is quite even around.

Based on slope angle, the terrain surface
can be divided into two parts: The first one is in
the depth from the top surface to -750 m, with
the slope angle within 8 - 20°% the second one is



in the depth from -750 m to -1,500 m, with the
slope angle within 4 - 10° (fig. 7).

The foot of sea mountain: Is a large area,
surrounded at the depth of -1,400 m to deeper.
It is seen on the high resolution shallow seismic
profiles, being cut in the W-E direction. The
angle of foot surface area is within 1 - 5°.

Geological characteristics

The Truong Sa archipelago belongs to the
transition zone between the continental and
oceanic crust. Their basement structure is cut
strongly, forming graben and half graben,
deposited by Cenozoic sediments. The
characteristics of the sediment of this area are
determined on the basis of seismic data, sea
bottom geological samples and deep-sea
drilling samples. [21] and the other authors
suggested that the geological characteristics of
the islands belonging to the Truong Sa
archipelago have the same coral origin.

The atolls and coral reefs in the Truong Sa
archipelago are formed on positive geological
structures with large size. At the top of these
structures, lighting conditions are sufficient
temperature and salinity of seawater are
consistent with coral growth. The basic part of
positive structures can have magnetic origin or
eruptions. The results of exploratory drilling in
the islands such as Song Tu Tay and large
Truong Sa islands showed that at the depth of
30 m, there are solid coral reefs with the
component of CaCOs;. The result of the
interpretation of the stratigraphic seismic
profiles of Vung May sea mountain area
determined the different sedimentary layers on
the top surface, slope based on analyzing
seismic data.

The top surface area

On the seismic profile VM02-06 (fig. 10),
the sedimentary layers on the top surface are
located at the center of the lagoon and in the
depression between the high blocks along the
edge zone, reflecting clearly sedimentary layers
from the top to the bottom. Based on
comparing the previous studies in the area [2,
8, 14, 17, 21-23], the geological characteristics
of each layer are presented as follows:

Characteristics of the topography and geology...

The first layer is defined as a complex
structure, consisting of sand, coral reefs
mudflats, boulders, pebbles and coral gravels,
with loose structure to weak bonds. The layer
thickness varies from 7 - 8 m at the edge of the
lagoon and around the overhanging blocks to
15 - 16 m in the middle of the lagoon.

The comparative results of borehole data
on the islands and the sea mountain in the
Truong Sa archipelago determined that this
sedimentary layer was formed during the
Holocene-present period (from 11 - 12
thousand years to now).

The second layer is characterized by blank
waves, identified as sand, gravel which was
formed by the weathering process, due to the
destruction of the frame of coral, during the late
Pleistocene regression. This layer has a
thickness which varies strongly, mainly in the
range of 10 - 20 m.

The third layer is characterized by a sub-
class wave with horizontal synchronous
reflections or bend with average amplitude.
This layer consists of the sandwiched layers of
mud and coral reefs of various shapes and
sizes, formed due to the destruction of coral
reef rock formations at the coastal zones and
the blocks, under the influence of sea waves.
The layer is 15 - 25 m thick and predicted as
early-mid Pleistocene.

5000m

100000 m

gy,

Fig. 10. Characteristics of sedimentary layers
on the top surface of high resolution shallow
seismic profile VM02-06 in the north
of Vung May sea mountain area

The slope of the sea mountain

Similarly, in the lower slope part of cross-
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section VMO02-06, seismic waves do not clearly
indicate the sedimentary layers, reflecting the
complexity of the geological structure. The
sedimentary layer thickness varies from 20 to
200 - 300 m in the lower slope and 700 - 800 m
at the foot of sea mountain (fig. 11).
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Fig. 11. Sedimentary layer in the lower part of
the slope on the high resolution shallow section
VMO02-06, in the north of Vung May sea
mountain area

Similar to the top surface, the sedimentary
formations on the slope can also be divided into
the following three layers:

The first layer is characterized by the
blank wave, relatively homogeneous at the top,
gradually changed to the layered form with the
phases from medium to strong at the lower part
of sea mountain and it has the thickness
increasing toward the depth of slope, from 20 -
30 m at the upper part to 40 - 50 m at the lower
part. The wave field of this layer reflects the
heterogeneity of the geological structure on the
slope area. The analytical results compared to
the adjacent area showed that this layer consists
of sand, weakly bonded coral reefs, intercalated
with the thin clay layers, changing along the
slope area.

The second layer is characterized by the
tilted axis of the wave, bend, discontinuity and
amplitude decrease according to the depth of
the slope. The thickness of this layer varies
from 15 m to 20 m at the top, increases to 40 -
50 m at the bottom. Similar to the first one, the
second wave field also reflects the geological
heterogeneity of structure across the entire
layer. The geological formations are defined as
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clayey mud, with significant thickness,
intercalated with sand, gravel and coral reefs.

The third layer lies on the top of the coral
massif with a uniform structure, having a
thickness of about 150 m, consisting mainly of
moderate to solid coral sandstone formations.
In the lower part of the slope, the occurrence of
uniform reflection waves can be observed with,
strong amplitude, bending, showing the
presence of thin clay layers, coral boulders and
branches.

The foot of sea mountain

The seismic waves are the uniform axes,
parallel to each other, reflecting clearly
structural layers. On the seismic profile VM02-
06, through the deep water 1,950 - 2,000 m in
the north of Vung May sea mountain area, the
sedimentary layers are 600 - 700 m in
thickness, structured in five layers, formed
during the transgression period of Pliocene-
Quaternary. The supply of sedimentary
material was determined to be from the top
surface and the slope surface area. The analysis
results on the other high resolution shallow
seismic sections in Vung May sea mountain
area were also in the same as the seismic
profile VMO02-06.

According to Pham Nang Vu (2003), the
Vung May sea mountain area and other islands
in the Truong Sa archipelago area are formed
by the coral masses. In the Vung May sea
mountain, the rock masses are about 500 -
600 m in height, formed on the high land of
older rocks in the period of Oligocene - Late
Miocene and developed continuously from late
Miocene to present, through 3 main stages:

The stage 1: The coral mass is built at the
top of ancient rock blocks, in the transgression
stage (Late Miocene - Early Pliocene) at the
depth of 450 - 500 m.

The stage 2: The coral mass is expanded
during the regression in the Late Pliocene-
Quaternary and the sediment is deposited at the
foot of sea mountain area.

The stage 3: The top part is coral mass,
having the thickness of about 400 - 500 m, with



steep slope and no sedimentary formations are
covered.

The monolithic coral masses are
surrounded by sedimentary layers with 20 m in
thickness, many holes, karst, formed by coral
rock of many generations, sometimes filled by
mud and broken coral. On the high resolution
shallow seismic profiles, the top layer is
characterized by uniform wave axis, bent, tiled,
superimposed with amplitude from medium to
weak. The coral rock mass is solid and
homogeneous, characterized by blank wave.

CONCLUSIONS

The analytical results from the high
resolution shallow seismic data of 13 cross-
sections in Vung May sea mountain area within
the coordinates (7°26°35.31"" - 8°8’1.2"°N,
111°15’50.23" - 111°48’E) using the
REFLEXW software, Ver. 6.0 have determined
the boundary of reflective surfaces of seabed
and sedimentary sequences. The values of
seabed on each high resolution shallow seismic
profile are obtained, including: Coordinates
(longitude and latitude) and depth, being a base
for creating three dimensional model, drawing
the topographic cross section and calculating
the slope angle.

Based on the calculated program of slope
angle on the seabed surface, programmed from
Visual Basic 6.0 language and other modules,
the slope angle of the seabed surface reflects
clearly the difference among top surface, slope
and foot of sea mountain. In particular, at the
top surface the topography has lagoon-shaped
form, and is surrounded by elevated edge with
about 45 km long, 20 km wide, 10 - 40 m deep
and slope angle is smaller than 0.5 degree
(< 0.5%; at the slope surface, topography is
divided into two parts: The first one lies at a
depth from the upper flank to the -750 m deep,
slope angle is within 8 - 20% the second one
lies at a depth of -750 m to -1,400 + - 1,500 m,
slope angle is smaller, varies in the range of 4 -
10°% at the foot surface, the terrain is in large
size, at the depth -1,400 + -1,500 m with slope
angle within 1 - 5° The results obtained in this
study are consistent with some previous studies
in the adjacent area. However, this is only a

Characteristics of the topography and geology...

research result in the vast area of the Truong Sa
archipelago.

In order to carry out the strategy of political
economy and defense-security, the study in
detail and quantitative characteristics of
geology and geomorphology on the island and
sea mountain in the Truong Sa archipelago
should be further promoted in many research
programs.
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