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Abstract

This study uses three acoustic instruments (different in their operating frequencies, 13, 3.5, and 6-10 kHz, and deployment type,
Iull-mounted, surface-towed and decp-towed) to investigate and characterize the acoustic response of seafloor NE of Oman in a
frequency-independent manner. High-resolution control was achieved by having sclected areas of our acoustic transects ground-
truthed by sampling and/or sca-floor photography. On the regional scale, the greatest degree of change in backscatter amplitude was
correlated with major changes of seabed morphology and lithology. However, small-scale roughness had the biggest effect on
amplitude on the local scale, i.c. within each area of specific seafloor type. The study also shows that scafloor reflection amplitude
changes are far more casily detected by deep-towed instrument than by surface-towed or hull-mounted systems. Whilst there are
significant changes in bioturbation types and density along the transects, the suite of instruments deployed was not able to pick up the

effect of the bioturbation on acouslic signals.

Introduction

In recent years, seabed mapping has become a
common tool for geological and geophysical explo-
ration. Sidescan sonar and multibeam echo sound-
ers are used to obtain high-resolution surface data,
and deep-tow, high-resolution reflection profilers
provide subsurface information (Savoye et al,,
1995; Nouze et al., 1997; Gracia et al., 1998; Briais
et al., 2000; Nealon et al., 2002). Many studies
employ a combination of techniques, e.g. multi-
beam and sidescan sonars images, to map the
surface sediment distribution and high resolution
seismic profiles to extrapolate this distribution into
the sub-surface (Scheirer et al., 2000; Schuur Dun-
can and Goft, 2001; Schuur Duncan et al., 2000;
Veeken and Da Silva, 2004; Zitter et al., 2005).
In general, the methods used in marine geo-
sciences can be divided into two major groups. The

first includes sidescan sonars and multibeam swath
bathymetry. The use of high frequency (12 kHz)
sonars may allow the physical properties of the
seafloor to be derived at sufficient resolution to
distinguish both lateral and vertical changes that
are related to sedimentary facies and possibly even
bio-geochemical alteration. Sediment classification
by sonar is based on inversion of echo returns to
estimate the acoustic impedance of the seafloor.
Empirical relationships between seafloor imped-
ance and sediment physical properties are then
used to map seafloor physical properties such as
porosity, bulk density, sand and gravel fraction,
mean grain size, and geoacoustic properties such
as sound speed and attenuation. Classification of
seafloor lithology is based on the ability to
distinguish between different seabed reflection
amplitudes, while seabed characterization relies
on the inversion or interpretation of the measured



amplitudes in terms of the physical properties of
interest (Richardson and Briggs, 1993). Most of
these studies were confined to a single acoustic
source and given the different acoustic response
for different geologic environments it is difficult to
generalize these findings.

The second group covers a broad range of
different seismic techniques which are used to
probe the sub-surface and to investigate their
geological history and evolution. Echo sounding
and seismic reflection profiles have been widely
used for mapping deep-sea morphology and for
sediment classification over the last 50 years (e.g.
Milliman, 1988; Leblanc et al., 1992; Kim et al.,
2003). Early morphological charts, often derived
from 12 kHz echo soundings, concentrated on
seafloor topography (Heezen et al., 1959). Low
frequency seabed profilers (e.g., the 3.5 kHz) were
developed in the late 1960s to image beneath the
seabed and have been widely used. The greater
acoustic penetration of these systems enabled not
only the acoustic reflection characteristics of the
seafloor to be determined, but also those of the
uppermost sediments down to typically from 5 to
50 m beneath the seabed.

Data presented in this study was collected
during a multi-disciplinary research cruise offshore
Oman from 22 November to 20 December 2002 on
the RRS Charles Darwin (Jacobs, 2003). The aim
of the cruise was to integrate benthic biology and
marine geology/geophysics studies to gain insight
into the bio-geoacoustic properties of the seafloor,

The first objective of this paper is to determine if
a compilation of different acoustic remote sensing
methods (c.f. different operating frequencies and
thus responses) over the same area can better
characterize the seabed than a single method.
Secondly, we investigate the strengths and weak-
nesses of different acoustic methods to estimate
seabed properties. To this end we compare the
response of three different acoustic systems to
groundtruthing that we obtained by seabed pho-
tography and sediment cores. The systems that we
deployed simultaneously offshore Oman included: a
3.5 kHz surface-towed sediment profiler, backscat-
ter information from a hull-mounted, Simrad
EM12 multibeam swath mapping system; and
Southampton Oceanography Centre’s new deep-
towed CHIRP reflection profiler system, which we
analyze in more detail. Finally, we assess the
feasibility of detecting biologically influenced

changes in seafloor properties using remote acoustic
methods.

Geological background

The Gulf of Oman is a roughly triangular basin
bordered by Oman to the south west and Iran and
Pakistan to the north. The Straits of Hormuz
connect it to the Persian Gulfin the northwest. The
basin is separated from the eastern part of the
Arabian Sea to the south by the 420 km long
north-east-trending Murray Ridge. Despite many
studies carried out in this area (Shimmield et al.,
1990; Gage and Levin, 2000; Meadows et al., 2000)
there is not much published information about the
north east Oman Margin. According to Uchupi
et al. (2002), the upper slope and outer shelf edge
are irregular and the mid-upper slope is smooth.
However, the swath bathymetry collected with the
EMI2 multibeam swath mapping system during
our cruise shows for the first time a series of deeply
incised canyons along the entire margin (Figure 1).

The basin scale circulation of the Arabian Sea is
governed by the seasonally reversing monsoon
cycle consisting of Fall intermonsoon from mid-
September to October, Northeast monsoon from
November to February, Spring inter-monsoon
from mid-February to May. From June to mid-
September Southwest monsoon brings into the area
the biggest amount of the sediment deposited in the
region during the year. It «can exceed
80 x 10°m’ s™' over the 4 months of the SW
Monsoon around Cape al Hadd (Leetmaa et al.,
1982). The shelf area west of the Murray Ridge is
covered by terrigenous sediments with exposure of
bedrocks. The terrigenous sediments are predom-
inantly mud with sands, muddy sands and sandy
mud (Uchupi et al., 2002). The sediments record a
variety of organic carbon-rich, biogenic silica-rich
and biogenic carbonate-rich facies which are
deposited under upwelling (Shimmield et al., 1990).

Methods

Using EM12 multibeam swath mapping system,
we first recorded a high-frequency (13 kHz), back-
scatter and bathymetry data set along the Oman
Margin. Swath width was approximately 3.5 times
the water depth with an usable depth range
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between 50 and 3000 m. The insonification angle
was 150° for 162 beams. These parameters result in
a footprint for a single beam between 15 m in
shallow water and up to 70 m in the deepest areas
(Hammerstad et al.,, 1993) (for more technical
details see Table 1). Survey lines were generally
maintained parallel to the shore to maximize data
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Figure 1. Multibcam bathymetry chart of the NE Oman margin collected during cruise CD143. The solid black line shows the
transcct used for the acoustic data analysis, dashed black line—dominant current direction during Southwest monsoon, white box—
location of Figure 3.
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coverage and to facilitate mosaicing of the swath
data to generate bathymetric and acoustic back-
scatter charts of the survey area. The backscatter
mosaic with a 20 m resolution was draped over the
bathymetry to produce a 3D seabed image which
enabled a suitable transect to be located for this
study.

Table 1. Technical specification for EM12 multibeam swath mapping system, deep-towed CHIRP and 3.5 kHz sediment profiler.

Frequency  Vertical Horizontal resolution Penctration  Deployment type
resolution
EM 12 multibeam swath 13 kHz 0,02 m ~6 m for 50 m water depth =350 m <S5m Hull-mounted
mapping system for 3000 m water depth
CHIRP 6-10 kHz  =0.18 m =45 m ~22 m Deep-towed
3.5 kHz Sediment profiler 3.5 kHz ~03m ~22 m for 50 m water depth =1300 m <100 m Surface-towed

for 3000 m water depth




Digital data from the 3.5 kHz sediment profiler
and the 6-10 kHz deep-towed CHIRP (Mini
Profiler Vehicle) echo-sounder system were simul-
taneously collected along the transect (Figure 1).
Raw data were converted into SEG-Y format
before processing with the commercial seismic
data processing software ProMAX. The process-
ing included frequency filtering and deconvolu-
tion. The available navigation accuracy excludes
the option of migration because the very high
frequency would require static corrections that are
not achievable with the present navigation accu-
racy.

The Mini Profiler Vehicle is a deep-towed,
normal-incidence, acoustic reflection, sub-bottom
CHIRP profiling system using frequencies between
6 and 10 kHz and a beam angle of 25°. By ‘flying’
the deep-towed CHIRP at a near-constant altitude
above the seafloor (200-500 m), high-resolution
sub-seabed seismic reflection data were obtained
with a penetration of up to 30 ms two-way travel
time (TWT), approximating to 22 m, assuming a
water velocity of 1500 ms™', A draw back to this
system is that the deep-towed CHIRP can only be
towed at speeds <2 knots, much slower than
conventional surface-towed sediment profilers
such as the 3.5 kHz. During the cruise the deep-
towed CHIRP was deployed twice and over
150 km of shallow-penetration (up to 20 m)
acoustic data were collected during that time
(Figure 1), The recorded data are characterized
by high levels of noise, which might result from
electrical induction into the long deck cable.

The 3.5 kHz sediment profiler comprises a
combined transceiver and correlator unit, a log-
ging and display unit, the winch and deployment
davit and the 3.5 kHz transducer fish, which has a
beam angle of 45°. The 3.5 kHz sediment profiler
record reflects the geometry and thickness of the
upper few 10s of meters of sediment. The trans-
ducer fish gave good results at ship speeds up to
8 knots; above this, noise dominated the recorded
data. During the cruise approximately 4000 km of
high-resolution profiles were collected from the
area between Muscat and Ra’s al Hadd.

To ground truth our acoustic observations
we also deployed the Seafloor High Resolution
Imaging Platform (SHRIMP), which is South-
ampton Oceanography Centre’s deep-towed video
and camera imaging system. All signals and data
to and from the vehicle are sent via a fiber-optic

link. Visual contact is made when the vehicle is
within 10 m of the seabed. A 6 kg lead weight on a
3 m tether is used as a visual altimeter and guides
the pilot of the vehicle to keep the optimum height
of 3 m above the seafloor. Absolute altitude is
measured by a very high frequency echo-sounder.
SHRIMP was deployed seven times along the
transect, providing several hours of seabed imag-
ery data. The greatest depth of the deployment
was 3300 m and the shallowest was 290 m (Fig-
ure 1).

During the cruise, a series of gravity Kastenlot
cores were retrieved with a Hydrowerkstitten
system. The corer can be used with I, 2, or 3 m
long square-section barrels which have a cross-
section of 150x150 mm. Three cores were taken
along the transect covering the top part of the
upper slope, mid-slope and the continental rise.

Observations

Three gravity cores 55737, 55739 and 55788 were
collected along the transect (Figure 1). The geo-
logical core descriptions are summarized in
Figure 2 and confirm that the sediments in this
area are mostly mud and clay with a small amount
of sandy mud.

Preliminary onboard interpretation of EMI12
multibeam swath mapping system data was used
as a guide to locate the appropriate regions for
deployment of the deep-towed CHIRP for seafloor
characterization along the transect. We chose the
transect north east of the Ra’s al Hadd to focus
upon for this study (Figure 3) as it covers the
largest number of different environments, i.e. the
upper slope, middle slope and continental rise
areas.

The upper slope

The upper slope includes type Area A (Figure 3)
and covers the seabed from 400 to 1000 m water
depth. The shallowest part (400-500 m) is mostly
flat. Detailed analysis of the echo-sounder bathy-
metric profile shows small-scale (the smallest
Im deep) topography in this region. SHRIMP
photographs and video show that it is caused by
outcropping rocks—probably bedrock outcrops
(Figure 4¢). Between 500 and 900 m water depth
the slope is steepest (30°) before the slope
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continues further down as a gently dipping, mostly
smooth surface (Figure 4a, b).

The upper slope has higher EM12 multibeam
swath mapping system and 3.5 kHz sediment
profiler data reflection amplitudes than the rest of
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Figure 2. Geological core descriptions for the corcs shown in Figure 1. Lithol.,,= Lithology; Struct.= Structure.

the transect (Figure 5c, b). But whereas the
3.5 kHz sediment profiler seabed reflection ampli-
tudes are characterized by a maximum at the base
of the upper slope and a reduction with decreasing
water depth, on the EMI12 multibeam swath
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Figure 3. Backscalter data in the vicinity of the southern transect off Ra’s al Hadd that was used for the acoustic analyses. White
arrows indicate type localities shown in Figures 4, 6 and 7. Solid black lines indicate 200 m contours. Dark, low backscatter;
Light, high backscatter.
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Figure 4. (a) Seabed reflection amplitude from the 3.5 kHz sediment profiler, (b) deep-towed CHIRP, and (¢) SHRIMP scabed
photograph obtained upper slope (Area A on Figure 3).

mapping system, the amplitude constantly in- of the survey on the deep-towed CHIRP data
creases from the bottom of the upper slope and (Figure 5c), but it is not as pronounced as seen in
rises by approximately 25%, reaching its maximum the EM 12 multibeam swath mapping and 3.5 kHz
in the shallowest part covering Area A. An increase sediment profiler data. Whereas the 3.5 kHz

in reflectivity can be observed at the shallowest part sediment profiler data show many diffraction
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Figure 5. Scabed amplitudes for the three acoustic sources along the transect shown in Figures 1 and 3.

hyperbolas, the deep-towed CHIRP data clearly
image the rough surface.

The middle slope

The middle slope includes Area B (Figure 3) and
stretches from 1000 m down to 3000 m water
depth. Between 1000 and 1200 m, the seabed has a
smooth surface, similar to Area A, From 1200 m
the seabed slopes gently (approximately 10°; Fig-
ure 6a, b). As water depth increases, the slope
surface becomes more undulated with a series of
shallow channels parallel to each other and

perpendicular to the shore (Figure 3). The
SHRIMP pilots guide weight on the video shows
a plume of sediment being washed from the
surface of the weight after it hit the seafloor.
Because these sediments suspend this shows that
they are medium- to fine-grained (Figure 6c).
Analysis of two gravity cores collected along slope
area, i.e. 55737 and 55739 (Figure 1) confirmed
that the sediment in this area consists of pelagic
mud and muddy ooze.

The EM12 multibeam swath mapping data do
not show large amplitude changes within the
middle slope area (Figure 5a). However, one
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Figure 6. (a) Seabed reflection amplitude from the 3.5 kHz sediment profiler, (b) deep-towed CHIRP and (c) SHRIMP seabed

photograph obtained on the middle slopc (drea B on Figure 3).

major decrease in seabed reflectivity exists on the
bottom part of the slope (CDP no 2000-2400,
Figure 5a) in Area B. In contrast, the 3.5 kHz
sediment profiler amplitude shows the biggest
changes in the slope area compared for the entire
survey. After a maximum at the top of the region
(CDP no 2400-2600, Figure 5b) amplitude values
decrease by 600% reaching their minimum
(0.1 dB) at the bottom (CDP no 1300-1600,
Figure 5b). The deep-towed CHIRP data show a
significant amplitude trough (Figure 5c¢) at the
bottom part of the slope including Area B (CDP
no 7000-10,800). Apart from this decrease, the
amplitudes constantly increase without any major
peaks along the study area.

The continental rise

The continental rise includes Area C (Figure 3). It
is covered by various terrain undulations (Fig-
ure 7a, b), which may be caused by small scale
sediment slumping. These undulations can have as
much as 25 m relief estimated from the deep-
towed CHIRP profile. SHRIMP photographs and

video suggest that the seabed is composed of fine-
grained sediments (Figure 7c). Gravity core no
55788 was collected in the continental rise area and
analysis verified its composition as mixture of clay
and silt with a small percentage of sand and sandy
mud (Figure 2). Over a large area, the seafloor is
covered by an approximately | cm-thick layer of
dead jellyfish Crambionella orsini (Billett et al.,
2003).

There are no significant seabed backscatter
amplitude variations on the EMI12 multibeam
swath mapping profile along the continental rise
(Figure 5a). The 3.5 kHz sediment profiler seabed
amplitudes show much bigger variations in this
area. There are two troughs in the profile over
small regions (CDP no 400-600 and 9500-11,500)
including Area C (Figure 5b). On the deep-towed
CHIRP profile there is one major decrease in
seabed reflection amplitude covering almost half of
the continental rise region, including Area C (CDP
400-3600). The second part of the area is charac-
terized by a constant amplitude rise of approxi-
mately 60% in comparison to the above
mentioned trough.



N TRACE NO.
27500 27300 27100 26900

27900 27700

26700 26500

()

TWO WAY TRAVEL TIME [ms]

3.5 kHZ sediment profiler

N TRACE NO.

03500 4400 4300 4200 4100 4000 3800 3800 3700 3600

41 ®

TWO WAY TRAVEL TIME [ms]
=
2

deep-towed CHIRP

Figure 7. (a) Seabed reflection amplitude from the 3.5 kHz sediment profiler, (b) deep-towed CHIRP and (c) SHRIMP scabed
photograph obtained for part of the continental risc (Area C on Figure 3).

Discussion

Suitability of different acoustic methods
Jor seabed characterization

Seafloor character from SHRIMP imagery
According to the SHRIMP images the study area
can be divided into two separate regions with
different sediment type. The top part of the upper
slope consists of a hard seabed with outcropping
rocks. The second area comprises the lower section
of the upper slope, the entire slope, and continen-
tal rise area. Sediment cores taken along the
transect show that this lower part is covered with
clayey mud with a small percentage of sand
(Figure 2).

EM 12 multibeam swath mapping system’s
backscatter information

On the top of the upper slope the seabed back-
scatter amplitude rises by about 25%, correspond-
ing to the bedrock observed on the SHRIMP
photographs. The EM12 multibeam swath map-
ping data do not show large amplitude changes
along the slope and continental rise areas.

1 km SHRIMP 0.5m

However, two decreases in reflectivity values in
the continental rise (CDP no. 100-200) and in the
middle-slope (CDP no. 2000-2500) can be dis-
cerned (Figure 5a). Given its footprint which
varies from 15 m radius in the shallow water to
70 m for a single beam with water depth around
3000 m, its large lateral coverage, and the simul-
taneous collection of topographic information, the
EM12 multibeam swath mapping system is a very
efficient tool for determining regional variations in
backscatter. However its resolution is three to ten
times lower than modern high-frequency side-scan
sonar systems and lower than deep-towed seismic
systems. This lack of resolution makes it far less
useful for deciphering sediment transport pro-
cesses on anything but a course scale (Keeton and
Searle, 1996; Cowls and Fogg, 2000).

3.5 kHz sediment profiler information

The seabed reflection amplitude profile recorded
by the 3.5 kHz sediment profiler has its maximum
in the upper slope area. A general decrease in
amplitude can be observed for the entire slope.
Moreover, there is a significant amplitude decrease
from the major trend located in the middle-slope.



Amplitude values are mostly constant within the
continental rise section. In this area variations do
not exceed 15% of the average value. Because this
amplitude decrease is also observed in the deep-
towed CHIRP data and also but to a lesser extent
in the EM12 multibeam swath mapping data, and
because there are no obvious wave propagation
effects causing this amplitude decrease, we con-
clude that it is caused by a real change in seabed
reflectivity, Possibly it represents a preferential
deposition centre, caused by lower bottom current
velocities such as in slope basins in accretionary
prisms (Underwood and Moor, 1995). The large
acoustic seafloor footprint of the 3.5 kHz sediment
profiler (approximately 160 m radius in 400 m
water depth and 1250 m in 3000 m) reduces the
spatial resolution of the system particularly in
great water depths and gives rise to diflraction
hyperbolas in areas of significant topography
(Figure 8). This effect results in the system’s
decreased ability to detect small-scale lateral
changes in sediment type along the continental
rise. The 3.5 kHz sediment profiler seabed reflec-
tion amplitudes show a strong correlation with

narrow
footprint

wide footprint
(more Influenced by slde reflections and diffractlons)

Figure 8. Schematic of 3.5 kHz sediment profiler and MPV
data acquisition showing relative seabed footprint sizes.
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towing height, i.e. water depth, indicating that
spherical divergence is the primary cause of
amplitude variation. Therefore, meaningful geo-
logical interpretation of the absolute amplitudes of
the 3.5 kHz sediment profiler requires accurate
amplitude-travel time correction. However, even
with this correction the system only allows seabed
characterization on a 100-200 m scale at water
depths more than 1000 m,

Deep-towed CHIRP seabed characterization

To assess the suitability of the deep-towed CHIRP
for seabed characterization it is necessary to
understand better the correlation between towing
height of the CHIRP and the effect of wave
propagation phenomena on the recorded ampli-
tudes. Comparison of the deep-towed CHIRP data
sets from upper slope, middle-slope and continen-
tal rise (Figure 3 areas A, B and C) suggests that
the amplitude values do not change significantly
when the towing height is less than 400 ms (TWT)
corresponding to approximately 300 m if you
assume 1500 m/s as sound speed in the water
(Figures 9-11). The top part of the upper slope is
an exception to this rule. Here a large amplitude
decrease can be observed for the towing height as
low as 140 ms (TWT) (Figure 9a, b). The decrease
in amplitude in the other areas like the top of the
upper slope and at the bottom of the slope, still
with towing heights below 400 ms (TWT) (300 m)
(Figures 9a, b and 10a, b) suggests that both
sediment lithology and seabed topography have a
strong effect on the reflectivity values. As described
above, the top part of the upper slope area is
composed of rocks, whilst the bottom part has a
smooth surface. The morphological difference
between these regions is reflected in their seabed
reflection amplitudes.
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Figure 9. The relationship between towing height and seabed reflection amplitude for the upper slope.



0 5000 10000
distance [m)

15000

10000
distance [m]

0 5000 15000

Figure 10. The relationship between towing height and seabed reflection amplitude for middle slope.

—
=
N—

~

8

2\
~ AN

\Af-ww‘g

{

towing height [TWT]
288888

8

[=]

0 5000 10000 15000

distance [m]

(b)SSOO
. .
3000 v
e, 0 7S *%
L4 * L] L

2500
2000 M
E A N ORI |
5 1500 -*—*——v;l-f;?;’!—-—,
[ ]

1000 »
e o
500
0 T T T
0 5000 10000 15000

distance [m]

Figure 11. The rclationship between towing height and seabed reflection amplitude for continental rise.

If towed at the normal operational towing
depth range of 330-400 ms (TWT) or 250-300 m
above the seabed, the deep-towed CHIRP ampli-
tude profile does not show a strong eflect of
diffraction and spherical divergence (Figure 12a,
b), in contrast to the 3.5 kHz sediment profiler.
Because the deep-towed CHIRP can be operated
in a way that largely excludes these effects, this
instrument is able to image the acoustical proper-
ties of the seabed due to changes in lithology and
small-scale topography.

Comparison of the results of three systems with their
advantages and drawbacks

The most significant change in seabed reflectivity
deduced from the EMI12 multibeam swath map-
ping reflectivity data is the increase of backscatter
from the upper slope. The detailed investigation of
amplitude variations shows that the EM 12 multi-
beam swath mapping system delivers relatively
high-resolution backscatter information (in com-
parison to 3.5 kHz sediment profile) with large
spatial coverage, which is very suitable for regional
seabed surface characterization. However, because

it is hull-mounted, its lateral resolution RMS
accuracy varies between 0.2% of depth (from
vertical up to 45°) and 0.5% of depth (between 60°
and 70°) and due to its nature it lacks subsurface
information.

The most significant change in seabed reflec-
tivity from the upper slope is also deduced by
3.5 kHz sediment profiler, However, in compari-
son with deep-towed CHIRP this system is not
well suited for detailed seabed characterization
especially in deep water areas. Due to the wide
footprint it is only useful for regional studies. Tt
can however provide subsurface information.

The increase of backscatter from the upper
slope is not seen in the deep-towed CHIRP data.
We propose that the lack of major amplitude
variations reflects the influence of small-scale
terrain undulations on the deep-towed CHIRP
data. The small-scale seabed undulations strongly
increase scattering of the wave energy and this is
more easily detected by the high spatial resolution
of the deep-towed CHIRP system than by the
conventional 3.5 kHz sediment profiler. Unfortu-
nately, the resolution of the acquired bathymetry
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Figure 12. The relationship between towing height and scabed reflection amplitude for 3.5 kHz sediment profiler (a) and deep-

towed CHIRP (b).

data is not sufficient to calculate the statistical
description of the seabed roughness, which would
allow analytical quantification of the rough sur-
face effect on backscatter (Thorne and Pace, 1984).

The deep-towed CHIRP provides seabed reflec-
tivity data with high lateral resolution and high
sensitivity because it is towed at depth. Due to its
penetration it provides sub-seabed information,
which is not of very high fidelity at its current
development stage. Its observed dependence on
seabed roughness along the upper slope gives
useful additional information if the system is used
in combination with another, e.g. the EMI2
multibeam swath mapping system. In this case it
allows determining both reflectivity and roughness
of the seabed. On the other hand it makes the data
more difficult to interpret if the deep-towed
CHIRP system is used on its own. In this case
both the mean amplitudes and their deviation have
to be used to arrive at a meaningful interpretation.

Suitability of different acoustic methods
Jor detecting biological changes on the seafloor

According to the SHRIMP images, there are
different ecosystems along the transect.

At water depths of up to 1000 m numerous
patches with degrading jellyfish were observed at
the seabed. At 1200 m depth are some undegraded
jellyfish corpses and little phytodetritus. At
1500 m a thick detrital layer (phytodetritus),
believed to have been derived from the large
phytoplankton production along the coast of

Oman associated with SW monsoon upwelling
events, covered the seabed, making observations
extremely difficult. Some patches of decaying
jellyfish were evident. At 2400 m depth large
amounts of phytodetritus cover the seabed making
it practically impossible to see any features of the
seabed. Decaying jellyfish covered in white bacte-
rial mats were seen, but they were not as common
as in other areas. At 3200 m water depth a thin
layer of jellyfish slime appeared to cover the whole
sediment surface. The jelly detritus covers 95% of
the seabed.

The amplitude decreases within the continental
rise area are recorded on both the EMI12 multi-
beam swath mapping backscatter map and the
deep-towed CHIRP profile, overlying the same
area. A layer of detritus covering this region may
cause this reduction, However, the increase in
towing height above 400 m within the continental
rise area has to be also taken into consideration as
an additional reason for amplitude decreases. It is
not possible to distinguish these changes on the
3.5 kHz sediment profiler. Other ecosystems were
not detected by any of the acoustic sources. The
analysis of the amplitude profile from the EM12
multibeam swath mapping system and the deep-
towed CHIRP suggest the combined use of both
instruments might detect changes in benthic eco-
systems in principal, if they result in distinct
absolute amplitude changes and amplitude distri-
butions. However, the acoustic response of the
ecosystems encountered on the Oman margin
during our study was too weak to confirm this.



Conclusions

Remote acoustic methods provide important
means for interpreting sediment type and sedi-
mentary processes in the marine environment. The
EM 12 multibeam swath mapping system is a very
suitable system for seafloor characterization
because of its relatively high spatial resolution
and narrow beams (less then 1°), its large lateral
coverage, and the simultaneous collection of topo-
graphic information. However, compared to the
other acoustics sources that we used, it lacks sub-
bottom information.

A comparison of a deep-towed CHIRP profiler
with a traditional surface-towed sediment profiler
shows the advantage of the deep-towed system
which finds a confirmation in other authors’
studies (Nordfjord et al., 2005). It provides high-
resolution topography with sub-bottom informa-
tion. Due to its constant, optimal 300 m towing
height, it is not as affected by wave propagation
eflects such as diffractions and spherical diver-
gence. This is why it is much better suited to detail
seabed studies. However, the higher spatial reso-
lution can also lead to misinterpretation of the
results in areas with hummocky topography,
because small-scale seabed undulations strongly
increase scattering of the wave energy and this is
more easily detected by the high spatial resolution
of the deep-towed CHIRP system than by the
conventional 3.5 kHz sediment profiler. Although
3.5 kHz systems have been used for many decades
to characterize the seabed, we have shown that
their potential to Fulfill this task is far inferior to
modern deep-towed chirp profilers. This difference
is biggest for great water depth and it is primarily
the result of their large footprint which causes a
low lateral resolution and the effects of wave
propagation artifacts in rough terrain. Further-
more, they require proper travel-time dependant
amplitude correction before their amplitudes can
be interpreted meaningfully. Therefore, a use of
both EM 12 multibeam swath mapping system and
deep-towed CHIRP over the same area gives the
best results at both regional and local scales.
Previous studies proved the possibility of detecting
large benthic ecosystem by (Milkert and Hiihner-
bach, 1997; De Mol et al., 2002; Huvenne et al.,
2003). The analysis of the seabed reflection ampli-
tude profiles from the EMI12 multibeam swath
mapping system and the deep-towed CHIRP

suggests that the simultaneous use of both instru-
ments should allow detecting changes in benthic
ecosystems. However, it was not possible to
corroborate this conclusion during our study
offshore Oman because of the lack of significant
ecosystems along the southern transect.
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