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Seismic characteristic of mass-transport deposits on the seafloor, southern Vietnam sea
Anh Ngoc Le* (Hanoi University of Mining and Geology, lengocanh@humg.edu.vn)

Annotation

The high resolution of 3D seismic dataset covers an area of 650 m? on the continental shelf,
in the water depth range from 100 — 120 m of Cuu Long basin offering an opportunity to study the
inside of the seafloor stability. Interpretation reveals a series of Mass-Transport Deposits (MTDs) in
the Pliocene — Quaternary sequence. They have different stages from early stage (local sag) to fully
mature stage with the extensional and compressional areas. Three MTDs have been observed and
mapped with dimension varies, including MTD 1 (10km % 12km), MTD 2 (5km x 6km), and MTD
3 (2km x 3km). The MTD 1 and 2 have the same thickness of 300 ms meanwhile the MTD 3 has a
smaller thickness of 160 ms. This corresponds to the early stage of the mass movement of MTD 3.
Internal seismic facies of the mass consist of chaotic and mounded facies. Extensional wedge facies
are in the up-dip area and thrusted facies are observed at the downdip area, at the toe of the MTD.
These MTDs likely were triggered by a combination of slightly tilted seabed, rapid accumulation of
thick sedimentary deposits, biochemical gas, and reactivation of tectonic in Pliocene — Quaternary.
The occurrence of many MTDs on the seafloor indicates the instability of the seafloor which may
create potential disasters in petroleum exploration of this area.

Keywords
Mass-transport deposit, Cuu Long basin, 3D seismic, Pliocene-Quaternary

Theory

The study area is located in the Cuu Long basin (Fig. 1) which is a unique sedimentary basin
in Vietnam, located mainly on the southern continental shelf and partially occupies the onshore area
of the Cuu Long River mouth (Hiép, 2019). The basin has an oval shape, about 30,000 km2, filled
with Kainozoi sediments, reaching a thickness of about 7 - 8 km in the center (Cuong, and Warren,
2009; Schmidt et al., 2019)

This study focused on the shallow section which is about 500 ms, corresponding to the
Pliocene - Quaternary sequence (Fig. 3). In Pliocene, the basin experienced the strongest transgressive
period and possibly the first time the whole East Sea area was submerged under the sea level. Fine-
grained sediments were transported into the Cuu Long basin or transported further into the Nam Con
Son basin to deeper water areas (Hiép, 2019). This study interval consists of fine to medium-grained
sand and a minor amount of mud and gray clay rich in marine fossils and glauconite. Carbonate is
scattered throughout the formation. This formation is evenly distributed throughout the basin with
rather stable thickness (400 - 700 m). Sediments are nearly horizontal, gently dipping to the northeast
(Du Hung and Van Le, 2004; Morley et al., 2019).

This study is primarily based on 3D exploration seismic data sets from Cuu Long basin (Fig.
1). The 3D data set covers about 650 km? with a line spacing of 12.5 m. Seismic interpretation used
the Schlumberger™ Petrel software. Interpretation has been carried out using a manually picked fine
interpretation grid, then followed by auto-tracking where there is a good quality surface. The TWT
map of the top (seabed) and the base of the MTD have been generated combined with several attribute
maps to visualize the MTD in the map view (Fig. 2 & 3).
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Figure 1. (a) The location of the study area located in the Cuu Long basin (b) Seabed time structure
map of the study area. There are 3 mass-transport deposits observed on the seabed marked as MTD1, MTD2,

and MTD 3

Transport
direction smad

Figure 2. The mass-transport deposits MTD 1 and MTD 2 on the seabed are shown on the (a) TWT structure
map, (b) Edge detection map, (c) Time slide map, and (d) RMS map (See figure 1 for the map location)

In plan view, three MTDs are observed from north to south between the Pliocene- Quaternary
sequence marked as MTD 1 to MD 3 (Fig. 1). Those MTDs are active on the seafloor and located in
the north, east, and west of the study area.

o The MTD 1 is located on the western part with a dimension of 10km x 12km and a
thickness of 300 ms TWT. Internal seismic facies of the displaced mass consist of compressional
wedge facies in downslope. The up-dip area tends to be out of the study area, with thrusted facies at
the end of the MTD 1 areas, showing chaotic or mounded seismic facies in distal downslope areas.

(Fig. 1 & 2)
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o The MTD 2 lies in the eastern part of the study area with a dimension of Skm x 6km

and has the same thickness as MTD1. The scarp of this MTD can be observed in the study area with
the extensional wedge facies while the compressional wedge tends to move further east, out of the
study area. Internal seismic facies show several fault blocks in this extensional zone.

o The MTD 3 is to the northern part with the dimension of 2km x 3km. It is characterized
as a graben as a local internal deformation feature with a thickness of 160 ms TWT.

MTD 1 MTD 2
«——

NW € - SE

(ms)

Fig. 2¢c
-200

Figure 3. Seismic lines illustrate the internal seismic facies of MTD 1 and MTD 2 (See Figure 2 for the line
location)
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Figure 4. SE-NW seismic section illustrates MTD 1 perpendicular to the seismic line in Figure 3 (See line
location in Figure 2)

Conclusions

The mass-transport deposits (MTDs) have been documented by 3D seismic data, observed in
the Pliocene- Quaternary sequence. They have different stages from a very early stage of the
deformation (MTD 3) to fully developed (MTD 1). Internal seismic facies of the displaced mass
consist of extensional wedge facies in the up-dip area (MTD 2) to compressional wedge facies in
downslope areas, thrusted facies in toe areas of MTD 1 show chaotic or mounded facies. The
observation of these MTDs indicated that seafloor instability is possibly caused by biochemical gas
often encountered in shallow sequences (Pliocene — Quaternary). In addition, the magmatic activity
that occurred in the Pliocene - Quaternary has been reported in nearby areas such as Phu Quy and
Hon Tro islands, as well as Hong Ngoc fields/structures suggesting that magmatic reactivation
occurred in Cuu Long basin.
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