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Applying theory to investigate the existence of the Bottom Simulating Reflector (BSR)
in the Centre Song Hong basin

Le Ngoc Anh * (Hanoi university of Mining and Geology, BSSP Group,
lengocanh@humg.edu.vn),
Bui Thi Ngan (Hanoi university of Mining and Geology, BSSP Group,
buithingan@humg.edu.vn),
Nguyen Duy Muoi (Hanoi university of Mining and Geology, BSSP Group,
nguyenduymuoi@humg.edu.vn)

Annotation

They are often observed as a bottom simulating reflectors (BSRs) controlled by pressure and
temperature within the sediments. There are two types of BSR: diagenesis BSR and gas hydrate-
related BSR. Among those, gas hydrate-related BSR is more prevalent compared with diagenesis-
related BSR. Gas hydrate-related BSR has been documented in the southern sedimentary basins of
Vietnam. The objective of this study is to investigate the existence of the BSR, the seismic attribute
of the BSR in detail, its distribution and examine the ability of the BSR related to gas hydrate in the
northern part.

In the northern part, for the first time, the BSRs have been detected in the centre of Song Hong
basin. This study uses 2D seismic data which cover an area of ¢. 3700 km? offshore Vietnam, located
in the centre of Song Hong basin. The amplitude anomalies have been detected and mapped over an
area of c. 150 km?. Based on the seismic characteristics, the amplitude anomalies is interpreted BSR.
However, further analysis about the temperate and pressure at the BSR depth do not support for the
interpretation as it has very low pressure (~ 2 MPa) thus very low temperature (~ -2.7°C). Whether
this is indeed a BSR still needs further investigation when more data is available.

Keywords
Gas hydrate, Geothermal gradient, Song Hong basin

Theory

The study area covers an area of app. 3700 km2, located in the central part of Song Hong
Basin which is a Tertiary sedimentary basin formed by strike-slip basin flanked by normal fault
systems (Fig. 1). These fault systems were triggered by the collision between the Indian and the
Eurasian plates during the Eocene-Early Oligocene (Nguyén Hiép et al., 2019; Xue & Strak 2024).
The study area has the water depth range from 86 to 97 m; the basement gently dips towards the depo-
center, which has a thickness up to 14 km.

The study using four high quality 2D seismic lines marked from S1 to S4 (Fig. 1), covering
an area of 3700 km? offshore. The focused study interval is about 1000 ms below the seafloor,
corresponding to Pliocene-Pleistocene sequence. The BSR have been observed in seismic lines S2
and S4 (Fig. 1 & 2). It tends to cross the shale diapir, covers an area of ¢. 150 km? (Fig. 1). Using the
theory of Berndt et al. (2004), the observed BSR in the seismic line S2 and S4 have first been
interpreted a gas hydrate-related BSR based on the following criterial:

(i) The interpreted BSR are sub-parallel to the seafloor satisfying the first criterion for
identifying BSR (Fig. 2 & 3). The BSR located in the central basin, relatively flat, however, a cross
plot between BSR depth and the water depth reveals the increasing water depth with greater BSR
depth (Fig. 4).

(i) The interpreted BSR shows a reversal seafloor polarity (Fig. 2). It is characterized as strong
negative polarity meanwhile the seafloor is positive.

(iii) The interpreted BSR show a clearly cross-cut the primary strata (Fig. 2).
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Figure 1. Structural elements of the Song Hong basin (left) and the study area (right). The BSR area located
in the southeast area (pink zone)
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Figure 2. Seismic line S2 showing area that the BSR has been observed (see figure 1 for line location)

Another step has been made to analysis the possibly classification of gas hydrate- related BSR
in this area. If it is gas hydrate-related BSR then the estimated temperature at the BSR can prove for
the occurrence of the gas hydrate to make the interpretation more reliable.

Gas hydrate-related BSR gives a great opportunity to estimate geothermal gradient for the
study area. The accuracy of the estimated geothermal gradient depends on the accuracy of the values
of seafloor temperature, thermal conductivity, salinity and density of the sediments. Depth to the BSR
is determined by converting BSR TWTs using velocity in the water of 1500m/s, in the sediment of
1800m/s. To calculate the BSR temperature the equation established by Dicken and Quinby Hunt
(1994) with the assumption of pure methane—seawater composition has been applied. This assumption
based on the suggestion of Marquis & Hyndman (1992) that gas in hydrate is primarily methane:

1/T =3.79 x 10%- 2.83 x 10*(logP)

Where T is temperature (K) and P is Pressure (MPa)

The results are shown in the table 1, as the water depth in the range of 86 - 97 m thus there
are 10 samples have been taken to illustrate for the results.
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«Monoowvie — naykam o 3emne»

The results proved that the BSR is not gas hydrate related BSR as temperature and pressure at
the BSR depth did not follow the phase equilibrium suggested by Sloan, 1998 [6]. The value falls in
the very low pressure (~ 2 MPa) thus very low temperature (~ -2.7°C).

Moreover, the BSR developed in the water depth range from 86 to 97 m. It is rather shallow
for gas hydrate as the water depth should be more than 500 m in order to satisfy the low temperature
and high pressure for gas hydrated to be stable.

TWT (ms)

BSR

Distance

Seafloor

Figure 3. The illustration of both the BSR and seafloor along the seismic line S2 based on the date exported
from the interpretation

BSR depth (ms)

S

w

m’& s

Water depth (ms)

L4
o

Figure 4. A cross plot indicating the relationship between BSR depth and the water depth, increase water
depth with greater BSR depth

The observed BSR cannot classify diagenesis related-BSR as it will occur at deeper where
temperature can reach to 50°C, and only developed in silicate rich sediment in which opal A/opal CT

can take place.

(m)
125.91
127.52
126.19
127.33
126.38
126.75
126.51
126.52
126.38
126.82

(m)

94.4325
95.64
94.6425
95.4975
94.785
95.0625
94.8825
94.89
94.785
95.115

(ms)

247.99
247.58
247.71
247.18
247.45
247.04
247.46
247.34
247.63
247.41

(TwT)
122.08
120.06
121.52
119.85
121.07
120.29
120.95
120.82
121.25
120.59

(m/s)
1800
1800
1800
1800
1800
1800
1800
1800
1800
1800

SeafloorTWT | SeafloorDepth BSRTWT BSRThickness IntervalVelocity BSRThickness

(m)
109.872
108.054
109.368
107.865
108.963
108.261
108.855
108.738
109.125
108.531

BSRDepth

(m)
204.3045
203.694
204.0105
203.3625
203.748
203.3235
203.7375
203.628
203.91
203.646

Estimation temperature and pressure at the BSR depth

Pressure  Temperature Temperature

(Mpa)
2.07237087
2.06617824
2.06938867
2.06281565
2.06672599
2.06242006
2.06661948
2.06550876
2.06836924
2.06569135

(K)
270.238155
270.211297
270.225231
270.196682
270.213676
270.194961
270.213213
270.208389
270.220808
270.209182

o]

-2.7618445
-2.7887028
-2.7747694
-2.8033183
-2.7863241
-2.8050392
-2.7867866
-2.7916109
-2.7791915
-2.7908177

Table 1
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Conclusions

The BSR has been observed in the center of Song Hong basin covering an area of ¢. 150 km?.
However, this is neither a gas hydrate related BSR or diagenesis related BSR. The question is the
BSR may be the product of seafloor multiple, if this is the case then we will expect the 2nd-order
multiples of the seafloor. The second order bottom multiple occurs at 2 x the primary (seafloor).
However, in this case, the BSR depth is slightly shallower and from this BSR surface and the whole
profile does not repeat itself. The process to form this type of BSR remain a question that needs to be
studied by geoscientist.
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