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SUMMARY
Recent studies have demonstrated that offshore seismic reflection data can be used to detect boundaries in
the water column. This novel approach, called  seismic oceanography , has produced clear pictures of
water mass interfaces (i.e., thermoclines, internal waves, fronts, eddies) in different oceanic environments.
Starting from 1988, Istituto Nazionale di Oceanografia e Geofisica Sperimentale - OGS, Italy, has been
collecting a large amount of marine reflection seismic data in Antarctica with R/V OGS Explora and has
participated to several scientific international collaborations in the Southern Ocean (Antarctica). As this
region represents a key study area for climate due to deep water formation which triggers the Global
Thermohaline Circulation, we began to reprocess seismic lines to investigate the presence of reflections in
the seawater column. A first evaluation of the possibility of recognizing fine structures in the water column
is positive: seismic lines acquired along the Wilkes Land continental margin (East Antarctica) show
signals correlated with boundaries inferred by conventional oceanographic measurements
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Seismic oceanography 

The conventional approach to investigate water mass characteristics is performed by conductivity, 
temperature and depth profiler (CTD) lowered from the ship at discrete locations. In the last decades 
there has been a growing use of remotely sensed data acquired by satellites, by profiling floats and by 
networks of temperature and salinity probes (e.g., expendable bathythermograph: XBT and 
expendable CTD: XCTD) launched by ships during navigation. 
Holbrook et al. (2003) demonstrated that offshore multichannel seismic data can detect thermohaline 
fine structures as reflected signals. In this pioneer study, seismic data acquired off Newfoundland, 
Canada, show signals related to the major oceanographic front between the Labrador Current and the 
North Atlantic Current. Following Holbrook’s landmark paper, seismic datasets have been 
reprocessed to focus on seawater column reflectivity and new joint seismic and oceanographic 
surveys have been undertaken. Nandi et al. (2004) conducted a seismic acquisition in the Norwegian 
Sea and simultaneous XBT and XCTD data along the seismic line were acquired to quantify the 
sensitivity of the seismic reflection method to small changes in seawater temperature. Paramo et al. 
(2005) undertook amplitude versus offset (AVO) analysis to quantify temperature contrasts. Tsuji et 
al. (2005) used 3D seismic volume to image fine structures related to the Kuroshio current south of 
Japan. Simultaneous seismic and hydrographic measurements (XCTD, XBT) were carried out in east 
Japan to map the mixing between the warm Kuroshio and the cold Oyashio currents (Nakamura et al., 
2006). In this survey different air gun configurations and shot intervals were tested and fine structures 
characterized by ~ 0.5°C temperature contrasts were successfully imaged with 3.4 litre GI airgun and 
16-fold data. Hardy et al. (2007) reprocessed seismic profiles collected over the continental slope west 
of Ireland and obtained oceanic thermohaline structures in the Rockall Trough. Recently, on the basis 
of the interesting results emerging from the cross-disciplinary approach, the EU funded the 
‘Geophysical Oceanography (GO)’ project (2007-2009, http://www.dur.ac.uk/eu.go). 
 
Ocean circulation in the Southern Ocean 

The Southern Ocean represents a key study area for Earth climate; some regions (e.g., the Weddell, 
the Ross Sea and Adelie Land) are active sites of deep convection, consequent to dense water 
formation, which is the principal responsible for triggering the Global Thermohaline Circulation and 
for conveying carbon dioxide from the surface to the interior of the ocean. Ocean circulation 
redistributes heat over the entire planet and deep waters represent a reservoirs of heat, freshwater and 
dissolved gases, thus acting as a buffer mechanism on variations in the global climate. The Antarctic 
Circumpolar Current (ACC) is a critical component of the global ocean circulation because it 
transports intermediate and deep waters between the Atlantic, the Indian and the Pacific Oceans and 
contributes to the deep circulation in all basins (Orsi et al., 1995). The core of the current is composed 
of Circumpolar Deep Water (CDW) which is the major water mass in the Southern Ocean. As climate 
variability controls the volume and the formation rate of deep waters,  the monitoring of the spatial 
extension of the ACC and of the CDW may assist in determining climate trends. 
 
Data acquisition, analysis  and processing 

We have started to analyze a seismic line acquired along the Wilkes Land continental margin (East 
Antarctica) by R/V Tangaroa during the austral summer 2000 (De Santis et al., 2003), in the frame of 
WEGA project, an international, multidisciplinary project, funded by the Italian PNRA and the 
Australian Antarctic Division (Brancolini and Harris, 2000). 
A 600 m-long streamer (48 channels) recorded shots generated by 2 GI airgun (6.8 litres, 2000 psi) 
fired at constant time interval of 5 s (~ 25 m) resulting in nominally 12-fold data. Reduced volume air 
gun source and low fold coverage differentiate this line from the data sets successfully processed by 
others authors (e.g., Holbrook et al., 2003, Nandi et al., 2004, Hardy et al., 2007, etc.). The initial data 
inspection showed the presence of remarkable coherent and random noise so, considering the weak 
amplitude of the seawater interface signals and the low fold coverage, we performed a preliminary 
shot by shot analysis in order to be confident with the presence of a real primary reflected signal and 
to avoid mistakes in the interpretation of stacked section (Tucker and Yorston, 1973). As the data 
result from the superposition of the primary events, background noise, and arrivals from previous 
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shots, we computed synthetic seismograms to support the interpretation in the common shot gather 
domain. The brute stack showed some seawater column reflections but noise was preponderant. Data 
quality control with the consequent noisy trace removal was performed. Several common-shot-gathers 
were characterized by strong background noise, and, in some cases we observed duplication of first 
arrivals due to an air gun malfunction (i.e., autofire). The reduced multifold coverage of this line 
(1200%), and the presence of relevant background noise required a processing sequence modified in 
respect to that proposed by other authors for long streamer data (e.g., Holbrook et al., 2003, Hardy et 
al., 2007, etc.). Improvement of stack data quality was obtained by an accurate data editing and by the 
application of  median filters in subtraction mode to enhance the weak reflections as for the wavefield 
separation in VSP data processing (Hardage, 2000). 
 
Results 

The CDP stacked data allow to recognize seismic reflections within the water column. Figure 1 shows 
the part of the seismic line along the Wilkes Land continental slope. In the northernmost part of the 
seismic section, two strong near horizontal signals at about 290 and 330 m depth can be recognized.  
 

 
 
 
Figure 1: Portion of the seismic line W101 converted to depth. The strong northern dipping signal corresponds 
to the sea bottom. The seafloor multiple is also evident. Along the Wilkes Lands continental slope, a complex 
reflection pattern in the seawater column is observable. 
 
At increasing depth (about 450, 530, and 600 m) dipping boundaries can be observed. Approaching 
the continental shelf these boundaries rise, forming a complex reflectivity pattern with shallower 
signals. An interpretation of these signals cannot be directly carried out because no contemporary in 
situ hydrographic data were obtained during the seismic survey. However, CTD data acquired in the 
same region were analysed in order to obtain an insight into the water column structure and to help 
the seismic data interpretation. In order to correlate seismic with hydrographic data, we computed a 
normal-incidence impedence reflectivity as a function of depth. Synthetic data were computed from 
velocity and density values obtained from CTD data. We used MacKenzie’s empirical formula 
(1981), and Fofonoff and Millard (1983) to obtain P velocity and density, respectively. 
The temperature profile measured at about 2 Km westward of the CDP n. 5115 shows a complex 
vertical structure characterised by two major gradients (T = 0.2°C) at 300 and 350 m, respectively, 
and some smaller variations indicating the presence of fine structures identified by different 
thermohaline properties. The temperature maximum in the vertical CTD profile at 350 m corresponds 
to the Circumpolar Deep Water (Rintoul, 2007), which is the deeper portion of the ACC. Figure 2 
presents the comparison between the temperature profile, the synthetic traces obtained from CTD data 
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and real seismic data. The fine structures detectable in the CTD profile produce a reflectivity layer 
that can be tentatively correlated with the signals observed in the real seismic data. Two strong signals 
in the shallower part are present in both datasets. The observed differences in water depth between 
real- and synthetic-seismic data is probably ascribable to the different periods of acquisition of these 
two data sets, as hydrodynamic structures within the ACC are characterized by significant spatial and 
temporal variability (Tomczak and Liefrink, 2005). 

 
 
Figure 2: Oceanographic- and seismic- data correlation. (a) Temperature profile, (b) synthetic trace computed 
from CTD data (10 equal traces are used for display purposes), and (c) real stacked data.  
 
Conclusions 

As documented in recent years by several authors, conventional offshore seismic reflection data can 
be used to image boundaries in the seawater column. While for high fold coverage data a simple 
conventional processing sequence can be successfully applied, in case of low fold data, standard 
elaboration is not sufficient to obtain reliable results. We reprocessed a high resolution, low multifold 
coverage seismic line acquired along the Wilkes Land continental margin. Along the continental 
slope, a complex reflection pattern in the seawater column was detected. In this survey, we are able to 
investigate oceanic fine structures with a resolution limit of about 8 m, assuming the Rayleigh 
criterion (1/4 wavelength). Based on CTD measurements available in the area, we computed synthetic 
traces to help the interpretation of the seismic data. We tentatively correlate the seismic signals with 
oceanographic boundaries recognized in hydrological data. Taking into account the non-coincident 
measurements and the variability of the observed oceanographic phenomena, the real and synthetic 
data show good agreement. As in conventional seismic survey the presence of a well permits data 
calibration, also seismic oceanography needs coincident and simultaneous oceanographic 
measurements (e.g., CTD, XBT) for “ground truth”. Recent projects have been designed according to 
these requirements (e.g., Nandi et al., 2004; Nakamura et al., 2006; Go project 2007-2009).  
Large offshore seismic datasets acquired worldwide offer a new perspective for a reprocessing 
oriented to obtain “historical pictures” of the oceans. This approach could be useful for climate 
change studies with a low cost impact. In the case of lack of coincident conventional oceanographic 
data, only persistent phenomena with slow variability (e.g. major ocean currents) can be mapped, 
using data available from the World Ocean Database for reliable seismic signal interpretations. 
Considering that the first offshore seismic surveys were carried out in the 70’s, a potential 40 year 
window of interesting information is still contained in several worldwide archives. Recently, the 
MOST consortium (www.most-project.org) has been established with the aims to facilitate data and 
knowledge sharing between the oil industry, academic seismologists and oceanographers (Jones et al., 
2008). 
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