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Seismic oceanography is based on the passage of a regularly
repeating acoustic impulsive source and an acquisition streamer
along the surface of the ocean, and on summing together all
signals reflected from temperature and salinity interfaces in the
ocean (where there are acoustic impedance contrasts). Due to the
inherent redundancy of the method, random noise is attenuated,
while signal is preserved; however, if the original signal-to-noise
ratio is large enough, one need not use data from the entire
streamer to create a 2D profile. A processing scheme is here devised
to obtain consecutive images, known as stacks, of the structure
of the water column. The scheme, named Seismic Offset Groups
(SOG), consists in splitting the data from the whole streamer
at a given geographical position into data produced by different
streamer subsets. The method is illustrated by partitioning data
from a 5-km long streamer into 7 offset groups separated by
3.5 min in time, thereby imaging the same seafloor-referenced
location over a period of 21 min. As the streamer passes over
a fixed geographical point, motions within the water column
are observed. Each stack, created with a subset of the complete
streamer, can therefore be considered an image of the water
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column at a particular time step (animation frame). In this way each
image shows a different thermohaline fabric and the animation
allows us to visualize internal ocean motions.

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Visualization of otherwise unseen physical phenomena such as thermohaline finestructure is an
important step to a fuller understanding of these phenomena. Broadly, as a tool of remote sensing,
visualization may come in the form of a one-time spatial illumination of the body in question
(for example, in the case of the specular reflection of light, a photo). Likewise, in the case of the
specular reflection of sound waves, we are able to create a stacked seismic profile providing us with
information about the Earth or ocean that had not been previously observed. In the context of multi-
channel seismic reflection profiling (henceforth, MCS), due to the large scale of the imaging target and
its obscurity in the sub-surface, to create an image it is necessary to acquire an abundance of reflected
sound wave data and to combine these data using the robust techniques of seismic data processing
and analysis (Yilmaz, 2001).

Seismic reflection investigations have been common for delineating the gross structure of the
Earth’s crust, mantle and core for several decades—first as two-dimensional profiles, later as three-
dimensional volumes. More recently, the repeated acquisition of seismic data over the same location
in time-steps of several months or years has added the fourth dimension of time to the interpretation
of such subjects as petroleum reservoir monitoring (Lumley, 2001), monitoring of CO, sequestration
(Chadwick et al., 2005) and the active migration of faults (Cheng, 2008).

Holbrook et al. (2003) made the first modern analyses of ocean thermohaline finestructure
using the MCS method and found that the acoustic impedance boundaries, which give rise to
seismic reflectivity, were the result of temperature and salinity fluctuations, or thermohaline
finestructure. These structures have been known to occur for a long time through conventional
oceanographic methods (Stommel and Federov, 1967) but were not visualized at high horizontal
resolution until the MCS method, as it provides approximately 10 m horizontal resolution images
which are to be compared with typical >1 km resolution of CTD (Conductivity-Temperature-Depth)
casts. More recent physical oceanographic studies, using MCS as a tool, have imaged thermohaline
finestructure and confirmed that vertical temperature and salinity gradients are responsible for the
observed acoustic impedance contrasts. Sallarés et al. (2009) identified the relative contributions of
temperature and salinity to reflectivity and found temperature to be by far the dominant physical
property which gives rise to acoustic impedance contrasts, and therefore reflectivity. Other seismic
oceanography surveys (see Ruddick et al., 2009 for a concise summary of seismic oceanography) have
imaged the Kuroshio Current near Japan (Tsuji et al., 2005; Nakamura et al., 2006), the Norwegian
Sea (Nandi et al., 2004; Paramo and Holbrook, 2005), the Southern Ocean (Sheen et al., 2009),
the Mediterranean Undercurrent and Meddies (Biescas et al., 2008; Buffett et al., 2009) and the
Caribbean Sea (Fer et al., 2010). While developing unique components of seismic reflection profiling,
all these studies had in common the fact that they represented two spatial dimensions - in depth and
horizontally along the direction of acquisition - by creating a quasi snapshot (Vsemirnova et al., 2009)
of the ocean. For ocean processes taking place at time scales on the order of the duration of seismic
acquisition, this means that all MCS images, except perhaps those in the most quiescent of regions,
are ‘smeared’ in time. This problem is exacerbated in the case of the lengthy acquisition of true 3D
seismic volumes.

To recap, the dynamic nature of the ocean presents a challenge to MCS for two reasons. First,
the ageostrophic motion of ocean currents, and therefore the thermohaline finestructure, is variable
on time scales comparable to the data acquisition time, i.e. on the order of minutes or hours (Géli
et al.,, 2009; Klaeschen et al., 2009). This implies that the application of the method to measure
movements in the ocean on such short time scales needs to be carefully designed. Second, data
acquisition over a precise seafloor-referenced location is very difficult, requiring specialized and often
expensive acquisition schemes. The acquisition streamer is almost always subject to some ‘feathering’
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Fig. 1. Location of seismic section (small white line). Black line shows the idealized path of the Mediterranean Undercurrent.
Source: Bathymetry map from ETOPO1 Global Relief Model (http://www.ngdc.noaa.gov/mgg/global/global.html).

(displacement off-line due to near surface currents) and the ship’s azimuth does not always align with
the azimuth of the streamer.

Despite these constraints, some efforts have already been started. Blacic and Holbrook (2009)
performed the first 3D study of seismic oceanography using two parallel acquisition swaths along the
same profile and estimated the orientation of internal wave crests. Klaeschen et al. (2009), during
one particular repeat survey of profiles with diametrically opposed azimuths, observed apparent
wavelength changes of reflectors that were explained as caused by a Doppler-like effect. By knowing
the ship’s velocity vector and having a reliable independent model of in situ sound speed, from the
simultaneous and co-located deployment of eXpendable BathyThermograph (XBT) probes, they were
able to determine that the movement of reflectors was related to real thermohaline motions, i.e. they
were not an artifact of acquisition or digital signal processing.

In this study we take a completely different and novel approach to visualize ocean dynamics
by taking advantage of inherent seismic acquisition redundancy, to introduce a processing scheme
which separately processes seismic data from different grouped offsets (offset is the source to receiver
distance) along the same profile. Normally in MCS, if possible, all data from the seismic acquisition
streamer is used to create a sub-surface image. This allows maximum statistics and therefore optimal
signal-to-noise ratio. However, if the signal quality is sufficient, only a subset of the full streamer
is needed to represent a region of the sub-surface in two spatial dimensions, with each successive
offset group passing over any given geographical point at a later time. This technique, hereafter
named Seismic Offset Group (SOG) processing, allows the creation of several animation frames, thus
visualizing in real time, the dynamics of a small region of a changing ocean in (Fig. 1).

To the best of our knowledge, a similar approximation was used by the Marine Geodynamics group
at GEOMAR in 2008 to cross-check the results from an automatic movement detection algorithm
(D. Klaeschen, personal communication, 7 July 2012). The SOG technique was first presented publicly
and applied to real data by Carbonell et al. (2010) and Buffett (2011). Most recently, the approach
has been used to investigate non-linear internal wave motion in the South China Sea (VonLanken
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et al., 2012). Here we provide the first peer-reviewed detailed description and application of the SOG
technique to real data and verify its performance with synthetic data. We present clear images of
the movement of thermohaline finestructure which, as will be shown, cannot be explained as an
artifact of incorrect processing or acquisition. More comprehensive future studies, using specifically
designed SOG analysis and likely in conjunction with simultaneous and co-located thermohaline and
velocity in situ measurements, shall be able to associate the finestructure movements to the relatively
fast readjustment of pressure anomalies (in comparison with the inertial period (T /(2 sin6)), where
T = 24 his the period of the Earth’s rotation and 9 is latitude), including all sorts of transient waves. In
this study we do not have the necessary data to make such a conclusive interpretation in the context of
physical oceanography so we present the technique as a tool to visualize the motion of thermohaline
finestructure.

2. The Seismic Offset Group processing scheme

The SOG methodology used in this experiment differs from most MCS where one image is created
from all the streamer’s offsets. We use groups of the data offsets to generate several temporally spaced
images of the same acoustic impedance interfaces as the streamer passes over them. The potential
number of images depends on the streamer length, the vessel speed, the data quality (signal-to-noise
ratio), and the shot interval repetition rate. This is because the so-called seismic ‘stacks’ are the result
of summing together all seismic traces within a given offset range. The inherent redundancy of this
method means there are many traces that represent the same depth-points but generated from waves
arriving from different angles (Fig. 2). The summing together (stacking) of these common-depth-point
(or common mid-point, CMP) traces improves the signal-to-noise ratio by constructively boosting
signal content and deconstructively cancelling random noise. The longer the offset range, the better
the statistics available for noise cancellation.

Considering the motion of the ship relative to the seafloor we re-sort the seismic data, firstly by
CMP and secondly by the appropriate offset range. Next we minimize other possible factors that could
account for artificial reflector movements. This consists of two steps. (1) Normalization of frequency
bands related to the loss of high frequencies as a function of offset. Each successive offset range
contains a progressively lower dominant frequency due to the frequency filtering effect of the ocean
as a function of larger incident angles (thus, longer raypaths). Therefore, we apply a low-pass filter to
all stacks to minimize this effect by omitting higher frequencies that would only be present in near
offset groups. (2) Amplitude is also reduced as a function of offset. We apply a differential geometrical
spreading correction to each independently processed offset group to minimize this effect. However,
since water is a low viscosity acoustic medium (not elastic), there is minimal amplitude degradation.
We then attenuate the direct wave using an eigenvector filter, perform velocity analysis (a technique
of determining the sound speed that is associated with the best-fit hyperbola to CMP data, thus
optimizing stack coherency (Sheriff, 1991)) and apply a normal moveout correction using the carefully
selected stacking velocities. Finally, we apply a stretch mute, stack each group independently and
apply a post-stack time migration (Yilmaz, 2001).

3. Test case

To test the SOG method we use MCS data that were acquired in August 1993 as part of a tectonic
study to image the Iberian-Atlantic Margin (IAM). These data also showed strong reflections within
the water column and resulted in studies by Biescas et al. (2008), Krahmann et al. (2008), Buffett et al.
(2009) and Pinheiro et al. (2010), among others. The acquisition system included a Bolt air gun array
with a total volume of 0.123 m>. Nominal source depth was 10 m and nominal streamer depth was
15 m. The shot point interval was 75 m with peak energy in the 20-50 Hz range. Shot records consisted
of 192 channels spreading over 5 km at a receiver interval of 25 m. The CMP spacing was 12.5 m.

Data for this analysis were acquired along line IAM-11, off the western Iberian margin (Fig. 1). This
profile was used because of the long streamer, high quality data set and due to the reported decay
in laminar finestructure and increased disturbance of isopycnals downstream of the Mediterranean
Undercurrent (Buffett et al, 2009), which indicates mixing and therefore high thermohaline
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Fig. 2. Schematic diagram showing the first and last streamer offset group imaging the same oceanic structure over a fixed
terrestrial reference point.

finestructure variability. We processed the data following the procedure explained in the previous
section. In particular, we chose 500 m offsets because they allowed us to create seven images
separated by 3.5 min in time while not compromising signal integrity, therefore imaging the same
geographic location over a total period of 21 min. Finally, in this application we normalized the
frequency bands by using a low-pass filter of 5/10-50/60 Hz.

4. Results

We present a series of seven images of the same water column recorded at different times showing
the movement of thermohaline finestructure. The image of the full seismic section, corresponding to
the time when the firstimage (or frame) was taken, is shown in Fig. 3 (a) and its associated animation is
shown in Fig. 3 (b). In this figure we may identify the position of four boxes, 100 m deep and 2 km long,
to be used to examine the temporal movements of the finestructure. Three of these boxes are located
within the water column but the fourth one is found inside the sediment layers. In Fig. 4 we show
a close-up of the temporal variability (seven frames at time steps of approximately 3.5 min) of the



6 G.G. Buffett et al. / Methods in Oceanography 3-4(2012) 1-13

< 2.5k ——>

1100 m

Fig 3. (a) Seismic stack of complete section (from 900 m to the seafloor) at Frame 1, illustrating the position of all boxes later
used for zoomed animations. Each box size is 2 km in the horizontal and 100 m in the vertical. (b) Corresponding animation.
See Fig. 3(b) in the online version at http://dx.doi.org/10.1016/j.mio.2012.07.003.

water column reflectors (Fig. 4(b); Animations A-C) and the seafloor/sediment reflections (Fig. 4(b);
Animation D), together with an equivalent simulation from synthetic seismic data, noise-free and
necessarily fixed in time (Fig. 4(b); Animation E).
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Fig 4. (a) Zoom boxes of different seismic stacks for the same geographical location (Fig. 1) created with different sections of
the recording streamer (see Fig. 3 for box locations, boxes A-C are found within the water column, Box D is found within the
sediments; Box E is synthetic data). The time step between animation frames, based on known ship velocity, is approximately
3.5 min. The horizontal and vertical scales of each frame are 2 km and 100 m, respectively. Streamer offset ranges are: Frame
1: 500-1000 m; Frame 2: 1000-1500 m; Frame 3: 1500-2000 m; Frame 4: 2000-2500 m; Frame 5: 2500-3000 m; Frame
6: 3000-3500 m; Frame 7: 3500-4000 m. (b) Corresponding animation boxes A-E. See Fig. 4(b) in the online version at
http://dx.doi.org/10.1016/j.mi0.2012.07.003.

An important caveat to be noted is the apparent movement of the reflectors in the Earth’s crust and
in the synthetic data but, as will be demonstrated, this is only an artifact of the frequency filtering bias
toward longer wavelengths as a function of offset (therefore, longer travel paths through the water
column). Considerable effort was made to normalize frequency bandwidths across each animation
frame by band-limiting each offset stack to the minimum frequencies observed in the most distant
stack. Nonetheless, it was deemed not possible to fully equalize all frequencies across each band
because the travel of acoustic waves through the water column differentially filters frequencies such
that, even within an identical bandwidth, there will inevitably be a different spectrum of frequencies
caused by the unique physical filtering of the water column along a given raypath. This effect can be
seen in all boxes, i.e. in the thermohaline finestructure, in the reflections from sediments and in the
synthetic data. However, while there is a progressive vertical thickening of all seismic traces due to this
effect, the reflectivity obtained from the thermohaline finestructure also exhibits smooth temporal
motions taking place both in the vertical and horizontal directions which cannot be attributed to
this cause. Another artifact visible only in the synthetic data, caused by the modeling software, is
the padding of traces to the left leading edge of each subsequent stack resulting in a uniform shift
from left to right. The point of argument, however, is in the complete lack of intra-reflector variability
(which we define as the frequency and amplitude-independent vertical or horizontal displacement of
a reflector which is not accounted for by processing artifacts) in the synthetic data as compared with
the thermohaline data. In other words, the synthetic reflectors move uniformly like a single, rigid
group due to trace padding and show a steady thickening of reflectors with each successive frame due
to the frequency filtering effect. Definitively, the synthetic data do not show variability in the shape
of the reflection package, a feature uniquely characteristic of the thermohaline reflectivity.
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Let us briefly describe some of the details of the results in Fig. 4. In Box A (Fig. 4(b); Animation A) we
notice a packet of reflectors with positive (red) and negative (black) polarities. From Frames 1to 7 (0 to
21 min) the packet of reflectors steepens slightly on the right side and then forms an undulating shape;
reflectors are observed to successively disappear and restore, with reversals in polarity at places. In
Box B (Fig. 4(b); Animation B) there is an undulating shape in the upper right of the first two frames; it
becomes flattened in Frame 3, reappears in Frame 4, is disrupted in Frame 5 and is somewhat flattened
in the last two frames. Box C (Fig. 4(b); Animation C) shows a weak undulated reflectivity package
which becomes flattened toward the last frame; a discontinuity develops but the reflector is restored
in the final frame. In Box D (seafloor sediments—Fig. 4(b); Animation D) there is no observable vertical
or horizontal displacement of the reflectors. What can be observed is only the thickening of reflectors
due to the aforementioned caveat of frequency filtering with increased travel distance.

5. Verification against synthetic seismic data

The purpose of this test was to verify the processing scheme using a synthetic data set with zero
fluctuation in the shape of the reflectivity pattern. The synthetic data were created using an explicit
time-domain solver (called SeisSol) based upon ADER-DG, a discontinuous Galerkin method (Kaser
and Dumbser, 2006). Reflection coefficients for synthetic seismic data were generated from sound
speed profiles derived from CTD data collected during the Geophysical Oceanography project (Hobbs
and the GO team, 2007). Given that sound speed is by far the dominant factor influencing reflection
coefficient (Sallarés et al., 2009), this provides a static representation of thermohaline finestructure
at the location of the CTD casts. The solutions to generate the sections were obtained, up to 4th
order accuracy in space and time, on an unstructured triangular mesh of about 20,000 elements. The
resolution of the model was 12.5 m in both the horizontal and vertical directions. The velocity model
had a 10 m resolution in the vertical dimension based on the model of Papenberg et al. (2010). It was
interpolated horizontally to 10 m using a bilinear interpolation. The simulations were carried out on
10 processors of a Linux computing cluster. The synthetic data shot records were then processed using
the same processing flow as the real data but, because of the limited virtual offset range generated in
the modeling code compared to the real data set, only 5 frames could be created using the same offset
group size.

The effect of frequency loss with ‘offset’ can be seen in the synthetic data, where there are no real
motions (Fig. 4(b); Animation E). Notice how the synthetic data grow progressively in wavelength
but show no intra-reflector variability like the real data. This progressive wavelength increase is seen
as a thickening of reflectors in the synthetic data from frame to frame and is a normal result of the
representation of frequency filtering as a function of offset in the physical model. The essential feature
to observe in the synthetic data is neither the left-to-right apparent motions nor the thickening of
reflectors but the fact that there is no intra-reflector variability like in the real thermohaline data. This
result substantiates our claim that the application of the SOG technique to real seismic data shows real
time movements of the thermohaline finestructure.

6. Discussion

The SOG method consists in the separation of seismic-streamer data into different offset groups to
create unique stacked sections which are temporally spaced. Each subsequent section shows changes
in the reflectivity pattern of thermohaline finestructure. We have used two different tests to verify
that these changes are not an artifact of seismic data processing.

The first test is done with synthetic data. As expected, these data showed no changes in the
reflectivity pattern other than the reduction of frequency content consistent with the way high
frequencies become attenuated as a function of longer travel paths, i.e. due to the offset or distance
between the source and receiver. Frames 1 to 5 in Fig. 4(b) (Animation E) show an apparent
steady ‘motion’ from left to right but this is caused by the automatic addition, by the processing
software, of duplicate traces to the leading edge of the model and are therefore not considered in our
interpretation. However, intra-reflector changes seen in the real seismic oceanography data are not
present in the synthetic data. This supports the notion that when a relatively static model of the ocean
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based on in situ (CTD) measurements is created, one cannot estimate ocean dynamics to the same
precision as with the SOG method. The second test is carried out by simultaneously comparing the
seafloor and thermohaline reflectivity of the real data. Both data sets display progressive thickening
of reflectors as a function of offset because the higher the frequency the greater it is attenuated by
the medium. However, those boxes displaying the ocean reflectors exhibit time variability clearly not
present within the seafloor (Fig. 4(b); Animation D). These two independent tests confirm that the
fluctuations observed within the water column are likely real time displacements of isopycnals such
as those caused by internal waves. Considering a characteristic velocity scale of 1-2 ms~! (Garrett and
Munk, 1979; Gill, 1982) we may estimate that at 3.5 min time intervals there would be fluctuations
on the order of 200-400 m in the direction of wave propagation (obviously less if the wave phase
velocity does not propagate in the same direction as the seismic stack); these movements should be
easily observable on seismic data with a resolution of approximately 10 m.

Further justification for the potential of the SOG method comes from looking at a small part of
the seismic section (250 m) along a single arbitrary reflector (Figs. 5 and 6), showing changes in the
seismic amplitude and vertical location as a function of time step.

Fig. 5 also shows a contour map of the rise and fall of amplitudes for the positive samples (peaks)
in each trace of the chosen reflector. If we take the vertical amplitude displacement of the reflector as
indicative of true vertical isopycnal displacement we can estimate its oscillation distance. At a distance
of 250 m we see a maximum of 4.5 ms displacements (one-way-travel-time). This displacement occurs
from Frame 2 to 3, an interval of 3.5 min. Using an average sound speed of 1510 m/s, derived from
the “normal move-out velocity” correction during seismic processing (Yilmaz, 2001), we estimate
the displacements to be approximately 7 m (1510 m/s x 0.0045 s), likely related to the presence of
internal waves.

A more detailed analysis of the amplitudes shows that there is no preferential direction of change
of amplitude as a function of offset group (i.e. animation frame) (Fig. 6). The displacement in two-
way-time (TWT - the time for sound to reach a reflecting interface and back - a proxy for depth)
changes by a few milliseconds. Considering there is little preferential change in amplitude with offset,
it is plausible that the observed fluctuations are due to actual reflector displacements, i.e. isopycnal
movements associated with traveling disturbances, not an amplitude-versus-offset (AVO) effect such
as that used in the study by Paramo and Holbrook (2005).

7. Concluding remarks

By devising a processing scheme to make use of a long streamer as it passes over a fixed geodetic
point, we have been able to generate sets of stacked seismic data from different offset groups, what
we call Seismic Offset Group (SOG) processing. Because of the ubiquitous existence of traveling
perturbations within the stratified ocean, each offset group would display geometrical differences
in finestructure. The results of our analysis indicate that the observed thermohaline fluctuations are
on the spatial scale of an oscillating internal wave field, although at this time we have no independent
or simultaneous observational data that can corroborate this assertion.

A verification of the potential of the SOG method comes from two different tests. First, the seafloor
reflectors in the same seismic section do not exhibit the same behavior as those in the ocean and,
second, an identical processing scheme applied to synthetic data displays no noticeable intra-reflector
motions. All three data sets (thermohaline, seafloor and synthetic) show a lowering of frequency
content with offset. In the processing this was partially compensated by band-limiting the data to
the minimum possible for the farthest offset group but there is still room for variability in frequency
content within a given band-width. It remains a challenge to completely remove this effect as it masks
somewhat the true movement of the dynamic ocean.

Unfortunately, given the limited data set it is difficult to put constraints on the velocity of the
observed movements using this method alone. There are two main unknowns. First, the motion of the
ship at the surface leads to a Doppler-like effect (Blacic and Holbrook, 2009). The observed wavelength
is given by

Uship A

Amod = (7-1)

s
Uship — V
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Fig 5. (a) Zoomed region of a single, arbitrary reflector (isopycnal surface) showing its displacement over seven time steps
(21 min). Vertical axis is two-way-time (time for sound to travel to an acoustic impedance boundary and back) in milliseconds.
Horizontal axis is distance in meters along reflector. Black vertical lines indicate position of peak amplitudes used for analysis
shown in Fig. 6. Horizontal shaded scale at bottom of each frame shows the corresponding variation in amplitude of traces along
the reflector. (b) Corresponding animation. See Fig. 5(b) in the online version at http://dx.doi.org/10.1016/j.mi0.2012.07.003.

where v is velocity and X is wavelength (Vsemirnova et al., 2009). And, second, the velocity vector of
the internal wave field does not likely point in the plane of the seismic profile, i.e. it is most probably
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to be angled with respect to the ship’s track. Despite these limitations, we have shown that the SOG
method applied to real data shows fluctuations in thermohaline finestructure at depths between
900-1500 m (Fig. 4(b); Animations A-C) while the same fluctuations are not observed in either the
seafloor (Fig. 4(b); Animation D) or the synthetic data (Fig. 4(b); Animation E).

Another, more practical, limitation of the SOG method is the necessary trade-off between
maximizing CMP fold and maximizing the number of stacks (frames) necessary to temporally image
ocean dynamics. The data used in this study were of rather good signal quality and were gathered
with a relatively long streamer (5 km). Only 4 km of this streamer were used because, during seismic
processing, normal move-out (NMO) corrections differentially stretch traces as a function of offset,
requiring the distorted shallower events imaged by the last 1 km to be muted. It is for this reason that
only the water column between 900 m and the seafloor is shown in Fig. 3. A longer streamer would
allow more stacks to be created without reducing the offset range needed to optimize the signal-
to-noise ratio; however the NMO stretch effect (Yilmaz, 2001) would remain a problem. This study,
nonetheless, shows proof-of-concept.

Independent validation of the SOG method could come about in several ways. One way would be
to acquire coincident and simultaneous in situ measurements of local internal waves (by using an
acoustic Doppler current profiler and XBT probes, for example) while acquiring the seismic data with
a sufficiently long streamer. A second, more technically complex alternative would be through joint
measurements from an anchored/moored streamer of a given length together with repeated passes of
a conventional airgun source, similar in geometry to a roll-along land seismic survey (Sheriff, 1991).
Ideally, this would be done in a region of small or moderate surface currents but with significant
undercurrents, high temperature/salinity contrasts and low ship traffic, such as the areaimaged herein
(Fig. 1). This area was chosen because of the high quality data set (Iberian-Atlantic Margin data)
and previously observed changes in finestructure downstream of the Mediterranean Undercurrent
(Buffett et al., 2009). In areas where there are more statically stable isopycnals, for example due
to double diffusive processes, observing motions on the time scale of a passing streamer would be
increasingly difficult.
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