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ARTICLE INFO ABSTRACT

Keywords: In the northern South China Sea, numerous multichannel seismic reflection sections are used to identify internal
Internal solitary wave solitary wave (ISW) packets and extract wave amplitudes and corresponding water depths. The analyzed data
Amplitudes show that these depression ISWs occur on the upper continental slope at water depths between 263 m and 740 m,
Water depths with maximum amplitudes ranging from 35m to 128m. Our results, in conjunction with previous studies,

Eigenfunctions
Northern South China Sea
Seismic oceanography

suggest that the maximum amplitudes of the ISWs on the northern South China Sea continental slope are highly
correlated with seafloor depths and that they have a logarithmic function relationship. The maximum ampli-
tudes decrease with decreasing water depths. Interactions between the ISWs and the seafloor play a crucial role
in decreasing ISW maximum amplitudes, especially in shallow areas. In addition, we compare the observed
vertical amplitude distribution with theoretical results and find that they are concordant. The “bottom depth™
(H) In the boundary conditions of eigenfunctions represents the extension depth of the ISW rather than the actual
seafloor depth. Here, the ISW extension depth is where the ISW amplitude becomes zero and the seafloor depth is
Jjust under the ISW. If the ISW Interacts intensely with the seafloor, its observed vertical amplitude distribution
may exhibit prominent differences from the theoretical result.
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ISWs offshore Central America by SO
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New techniques for visualization of fine structure dynamic changes

Prestack migration+PIlV method
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Observation of dynamic fine structure in ocean
using pre-stack seismic data

Yi Gong?, Haibin Song? *, Wenhao Fan?, Yongxian Guan?, Kun Zhang!
1 State Key laboratory of Marine Geology, School of Ocean and Earth
Science, Tongji University, Shanghai 200092, China
2 Guangzhou Marine Geological Survey, China Geological Survey, Guangzhou
510760, China
*Corresponding author, hbsong@tongji.edu.cn

In this study, we utilize pre-stack seismic data and PIV technology to animate the observation of thermohaline structure and

velocity field of water column. We apply this method to a internal solitary wave found in South China Sea and compare the result

with theory. Our method vi ize the wave i velocity This method has great in ly the
of or ocean p
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Eight pre-stack seismic sections and picked seismic events (red lines).
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Horizontal (left) and vertical (right) component of
eight velocity fields

The velocity calculated by PIV is
mainly concentrated in the depth
range of 200-500m, rather than
distribute from the surface to the
seafloor as the theoretical results.
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Mode-2 internal solitary waves offshore Central America discovered by seismic oceanography
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L. Introduction

With the advancement of on-site observation instruments, the mode-2 ISWs developed in the ocean have been gradually observed over the past 20 years.
The sea water along the Pacific coast of Central America (Western Nicaragua) has the seafloor depths between 100 m and 2000 m. Previous scholars have
done little research on the internal waves in this area, focusing more on the effects of the winter Te and Panama
monsoon on the sea surface temperature distribution and circulation. In the past, most of the internal solitary waves dlscovered by seismic oceanography
method were the mode-1 ISWs. Recently, seismic oceanography method has been used to reprocess the existing seismic data of the Pacific coast of Central
America, and we find the mode-2 ISWs group on the survey line. This ISW group is a relatively complete mode-2 ISWs group discovered by seismic
oceanography method for the first time. Based on the current results and previous work, we will mainly study the mode-2 ISWs in the Pacific coast of Central
America about the vertical structure characteristics, and the internal solitary wave propagation characteristics.

The horizon velocity of the ISWs trough or
peak (v) aan be expressed as:

s7)*df. where cmp? and cmp2 are the
ISWs trough or peak positions at different
time, s7 and s2 are the shot numbers
corresponding to cmpl and cmp2, and dt
is the time interval for shots.

J When the ISWs propagates in the
opposite direction to the ship,
as the offset increases, the CMP
number corresponding to the
same one ISWs during
movement decreases, and the
shot number increases (opposite
trend, Figure 3a). Vice versa.

ecualentpynccine thickness for moce-2 1SWs
For the mode-2 ISWs with a multilayer structure (Figure
2a), the peak amplitudes of each ISWs (a,,, 4,,and a,,)
L # are obtained. The sum of the peak amplitudes of all
e shows o vty e o8 poston o stk o 1SWS (the sum of @, ,,and 4, is a,) is taken as the
0n the fine indicates the ship direction. equivalent peak amplitude of the mode-2 ISWs with a
three-layer model structure (Figure 2b).

shot pais obtained from the
migration.

The apparent phase
velocities of these mode-
2 IsWs by the
pre-stack migration
profile using COG are
+ about 0.5 m/s, and their
apparent
directions are from SW to
NE along the seismic line.

interal

eoves seocad i rvey e 83 v ot 5

ooy ‘Table 2. Apparent phase veiceities of the six mode-2 miemal
3 8,

soltary waves n survey

section for survey e 88. Line sccusi
time is 00:36:20 - 062241, Sephember 17h, 2004,

Table 1.

H.seafoor depths:
sl 3V apiaden b, ic-dopi ot pycsochne st Goros waves are more developed at their tail side.

The amplitudes of the

mode-2 ISWs generally

decrease first, then

increase, and finally

decrease with the increase
ion Of depths (Figure 5).
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Figure 6. Pr.stack migraon cbaerves e o
in the fine structure of the mode-2 ISWs ISW4 in the
P
As 10 the ISW4, during the acquisition of about
50 seconds, the bifurcation and merger of the
lon event appeared (Figure 6).
The dimensionless amplitudes of ISW1, ISW3 -
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high fequency emnal

ion

N

— AL Figure 10.

The red curves in Figure 9 are the vertical amplitude distributions of the mode-2 ISWs calculated by
the KdV equation. The depth of the maximum vertical mode values are basically the same as the depth
of the maximum amplitudes of the I1SWs, and the observed variation trends of the ISWs amplitudes are
also close to the theory. It can be seen that the survey line 76 Is affected by the anticyclone edge
(Figure 10). Anticyclone will decrease the depth of the thermocline in the surrounding sea water, while

the is to the

e of the mode-2 ISWs.

The apparent velocity of
mode-2 ISWs generally
increases with the
Increasing depth of water
( comparing ISW1, ISW3
and ISW5). In addition, the
7 apparent phase velocity of
the mode-2 ISWs with a
Sedol larger maximum
557 “n amplitude is generally
larger (comparing ISW3
with ISW5).

v'As to the mode-2 ISWs I1SW4 located on the land slope, during
the acquisition of about 50 seconds, the bifurcation and merger
of the reflection event appeared.

¥The apparent phase velocity of these mode-2 ISWs calculated
by the pre-stack migration profile using the Common Offset
Gather (COG) is about 0.5 m/s, and their apparent propagation
directions are from SW to NE along the seismic line (44 N, 0°
pointing north).

¥The apparent velocity of mode-2 ISWs generally increases with
the increasing depth of water. In addition, the apparent phase
velocity of the mode-2 ISWs with a larger maximum amplitude i
generally larger.
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Summary

* \We used the seismic oceanography method to study the structural
characteristics of internal solitary waves (ISWs) near the Strait of
Gibraltar in the Mediterranean Sea, in the South China Sea and
Pacific offshore Central America.

* In the pacific region offshore Central America, there are lots of
mode-2 ISWs revealed from seismic oceanography data.

* Lots of legacy seismic data can be used to characterize ISWs in
different continental margins

* New method (Prestack migration +PIV) can visualize ISWs evolution
and sub-mesoscale processes
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