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ABSTRACT
In 2003, 2006–2009, 2014 and 2015, seven oceanographic cruises were carried out on board
the Spanish R/V Hespérides in the Cantabrian Margin and the adjacent abyssal plains,
covering an area of 219,124 km2. Based on the combined analysis and interpretation of the
bathymetric and reflectivity data obtained with multibeam echo sounders (SIMRAD EM12,
EM120 and EM1002), and ultra-high-resolution reflection seismic records acquired with the
SIMRAD TOPAS PS18 parametric sounder, the mapping of the acoustic facies or echo-
character at a scale of 1:1,200,000 has been carried out. Thirty types of echoes have been
differentiated and gather into four main groups: Distinct, Irregular, Hyperbolic and
Undulated. The echo-character depends on the acoustic response of the shallow sediment
and the seabed morphology. Therefore, its analysis and characterization are basic for
understanding recent and present-day sedimentary processes.
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1. Introduction

The intrinsic capability of each sediment type to differ-
entially absorb and scatter sound waves allows the
geophysical systems to differentiate types and archi-
tecture of sedimentary deposits. The processes behind
sediment deposition are strongly influenced by factors
such as the geological setting, sediment supply,
oceanographic and paleoclimate conditions and sea
level fluctuations (Davis et al., 2002). From recogniz-
ing the importance of the physical and acoustic prop-
erties of marine sediments, many studies used echo-
characters to understand recent sedimentary processes
in ocean basins. Since the 1950s, acoustic facies analy-
sis based on seismic records (e.g. 3.5 kHz, pinger, 12
kHz, TOPAS or Parametric Sounder) has been a rel-
evant technique for the study of sediment type as
well as sedimentary processes in deep marine environ-
ments. Former studies based on the analysis of seabed
reflectivity were carried out by Heezen et al. (1959)
and Hollister and Heezen (1972). J. E. Damuth estab-
lished by first time the acoustic classification response
in deep-sea environments based on the analysis of
seabed reflectivity (Damuth, 1975, 1978, 1980;
Damuth et al., 1983, 1988; Damuth & Hayes, 1977).
Numerous studies have ever since confirmed the effec-
tiveness of using the echo-character as an indirect
method for the characterization of sedimentary pro-
cesses (e.g. Hernández-Molina et al., 2008; Llave

et al., 2018; Maestro et al., 2018; Pratson & Laine,
1989; among others).

This work presents for the first time a mapping of
the echo-character of the Cantabrian Margin and the
adjacent abyssal plains at a scale of 1:1,200,000 pre-
pared by the Spanish Geological and Mining Institute
in collaboration with the Hydrographic Institute of the
Spanish Navy and the Spanish Royal Navy Observa-
tory, the Spanish Institute of Oceanography and the
Complutense University of Madrid. This mapping is
a product of the ‘Scientific Research Project of the
Spanish Exclusive Economic Zone’ led by the Spanish
Ministry of Defence.

2. Geologic and oceanographic settings

The present-day configuration of the northern margin
of Iberia is due to its tectonic evolution since the
Mesozoic (Figure 1). There were several episodes of
continental crustal transpression and extension,
between the Valanginian-Barremian and the Aptian,
related to the opening of the Atlantic Ocean, with
the Bay of Biscay being a branch of the main rift
(e.g. Ziegler, 1989). This process involved a counter-
clockwise rotation of the Iberian Plate related to the
Eurasian Plate (e.g. Olivet et al., 1984). Extensional
tectonics resulted in the development of large normal
faults and tilted blocks of approximately WNW-ESE

© 2021 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group on behalf of Journal of Maps
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrest-
ricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

CONTACT Adolfo Maestro a.maestro@igme.es Instituto Geológico y Minero de España, C/ La Calera, 1, Tres Cantos, Madrid 28760, Spain

JOURNAL OF MAPS
2021, VOL. 17, NO. 2, 533–542
https://doi.org/10.1080/17445647.2021.1973917

http://crossmark.crossref.org/dialog/?doi=10.1080/17445647.2021.1973917&domain=pdf&date_stamp=2021-09-04
http://orcid.org/0000-0002-7474-725X
http://orcid.org/0000-0002-1044-8816
http://orcid.org/0000-0002-0534-0018
http://orcid.org/0000-0001-9691-7101
http://orcid.org/0000-0001-8741-5388
http://creativecommons.org/licenses/by/4.0/
mailto:a.maestro@igme.es
http://www.tandfonline.com/loi/tjom20
http://www.tandfonline.com


to E-W direction on the northern Iberian margin, and
NE-SW on the north-western Iberian margin, at the
transition to the western margin. In the last phase of
the rifting process (Aptian), the continental crust
was hyperextended and the lithospheric mantle was
exhumed. After the extensional stage, in the Albian,
the generation of oceanic crust and partial westward
drift began in the Bay of Biscay, ending in the Santo-
nian (Tugend et al., 2015 and references therein)
(Figure 1). Along the northern sector of Iberia, this
continental rifting process occurred diachronically,
in two large segments: the Bay of Biscay-Parentis
Basin, and the Pyrenees-Basque-Cantabrian Basin.
The development of these rift segments was controlled
by the tectonic inheritance of previous structures (e.g.
Druet et al., 2018; Tugend et al., 2015). The different
basins located in these segments were separated by
faults and transfer zones with N-S to NNE-SSW direc-
tion (e.g. Druet et al., 2018; Tugend et al., 2015). In the
Upper Cenomanian and until at least the Oligocene,
the northward displacement of the African Plate
causes the collision of the Iberian and Eurasian plates,
leading to the formation of the Pyrenean orogen and
the partial tectonic inversion of the north Iberian mar-
gin (e.g. Olivet et al., 1984; Tugend et al., 2015) (Figure

1). From the Miocene to the present-day, tectonic
events of lesser intensity have taken place, predomi-
nantly in an NW-SE to WNW-ESE shortening direc-
tion, under a transtensional regime (e.g. Herraiz
et al., 2000). These tectonic processes have fundamen-
tally controlled the recent seafloor morphology with
the formation of extensive marginal platforms, sub-
marine banks and canyons and pockmark and pock-
form morphologies on the continental slope and
seamounts on the abyssal plain (Iglesias et al., 2010;
Jané et al., 2010; Llave et al., 2018) (Figure 1). Simi-
larly, the sedimentary processes taking place since
the Miocene have also controlled the present-day mor-
phological features of the Cantabrian Margin and Bis-
cay Abyssal Plain. These processes can be summarized
in: (a) the development of: turbiditic systems, charac-
terized by the presence of a complex abyssal or meso-
oceanic channel patterns, which drain sedimentary
inputs coming from the Celtic, Armorican and Cap
Ferret turbidity fans (e.g. Ercilla et al., 2008; Llave
et al., 2018); (b) sedimentary deposits and erosional
features linked to along-slope processes related to
deep contour currents (Ercilla et al., 2008; Hernán-
dez-Molina et al., 2008; Llave et al., 2018); and (c)
deposits related to gravity-driven processes located

Figure 1. Sketched geological and tectonic setting of the northern Iberian continental margin and adjacent abyssal domains
modified from Rodríguez-Fernández et al. (2014). Magnetic anomaly picks from Seton et al. (2014). Background DMT from EMOD-
net (https://www.emodnet-bathymetry.eu/).
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on the flanks of the submarine highs on the continen-
tal slope and seamounts in the abyssal plain (Ercilla
et al., 2008).

Most of the water masses circulating in the north-
west and north of the Iberian Peninsula have their ori-
gin in the North Atlantic Current or are the result of
the interaction between this and the Mediterranean
Current (e.g. Pollard et al., 1996) (Figure 2). In the
Cantabrian Sea, there are five main water masses
located at different depths and with different thermo-
haline properties (Friocourt et al., 2007) (Figure 2).
The shallowest body of water comprises the Portugal
Current (PC), which flows southward while the Portu-
gal Coastal Current (PCC) flows towards the north
(Fiúza et al., 1998; Varela et al., 2005). The ENACW
of subtropical origin (ENACWst) moves north and

extends down to water depths of 600 m (Fiúza et al.,
1998) and a component of ENACW of subpolar
(ENACWsp) origin moves south from about 300 to
400 m of depth (Fiúza et al., 1998). From a depth of
600 m, the Mediterranean Outflow Water (MOW)
extends to 1500 m (e.g. González-Pola, 2006). The
MOW splits into two branches as it approaches the
western sector of the Galicia Margin (Iorga & Lozier,
1999). One of the branches runs northwards across
the Galician Interior Basin and then turns eastwards
along the Cantabrian continental slope (González-
Pola, 2006; Iorga & Lozier, 1999). The other branch
runs around the western flank of the Galicia Bank
and then continues northwards (González-Pola,
2006). Below the MOW is the Labrador Sea Water
(LSW), which extends from 1500 m to 2500 m of

Figure 2. Superficial-, intermediate- and deep-water masses compilation around of the Galicia and Cantabrian continental mar-
gins and adjacent abyssal plains (modified from Hernández-Molina et al., 2008). Water masses: PC: Portugal Current; PCC: Portugal
Coastal Current; ENACW: Eastern North Atlantic Central Water (with subpolar, ENACWsp, and subtropical, ENECWst, origin); MOW:
Mediterranean Outflow Water; LSW: Labrador Sea Water; NADW: North Atlantic Deep Water; and LDW: Lower Deep Water. Back-
ground DMT from EMODnet (https://www.emodnet-bathymetry.eu/).
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depth (González-Pola, 2006). In the Bay of Biscay, the
LSW penetrates from the northwest (Paillet et al.,
1998) and is characterized by an anticyclonic gyre.
Between 2500 and 3000 m of depth is located the
North Atlantic Deep Water (NADW) (e.g. González-
Pola, 2006; McCartney, 1992; McCave et al., 2001).
Below the NADW is the Lowered Deep Water
(LDW), which is the result of mixing between the Ant-
arctic Bottom Water (AABW) and the Labrador Deep
Water (LADW) (e.g. McCartney, 1992; McCave et al.,
2001). Internal waves and tides have also been
described along the continental slope of the Bay of Bis-
cay, due to the combination of the stratification of the
water masses, their interaction with the irregularities
of the seabed and the strong barotropic tidal currents
generated by the tidal currents (e.g. Pingree & Le
Cann, 1990; Zhang et al., 2016).

3. Acquisition and data analysis

The Kongsberg EM12 and EM120 multibeam echo
sounders are designed to operate in deep water up to
11,000 m of depth, complying with the International
Hydrographic Organisation (IHO) S-44 Standards
for Hydrographic Surveys. The working central fre-
quency was 13 kHz, and they have a maximum beam-
width of 120° and 150°, respectively, and use up to 191
beams, giving an average seabed coverage of about 3.5
times the depth. The Kongsberg EM1002 is used for
high-resolution bathymetric surveys in shallow waters
from 3 to 600 m of depth. The working central fre-
quency was 95 kHz, and it has a maximum beamwidth
of 150°. The accuracy of the sounder is also in

accordance with IHO standards for high-resolution
bathymetry. The maximum horizontal coverage is
approximately 1000 m, although it depends on
depth, varying from 5.5 to 7 times the depth at depths
of 150 m. The Kongsberg EM12 and EM120 multi-
beam echo sounders can obtain sonography of the
seafloor using their transmit array as the receiver.
The multibeam sounder emits a high-frequency
acoustic pulse through two channels, one on each
side of the transducer and perpendicular to the
ship’s path, and then collects the reflected energy in
a scattered manner (reflectivity or backscatter). Reflec-
tivity is a function of the relief and texture of the
seabed, but also depends on the frequency and inci-
dence angle of the acoustic pulse. The acoustic pulse
velocity in the water column depends on the local
oceanographic conditions, such as temperature, sal-
inity and density, so the use of conductivity-tempera-
ture-depth profilers or disposable bathythermographs
(XBT) is necessary for the correct calculation of depth.
During the seven oceanographic campaigns carried
out, 70 XBTs have been used to obtain the data used
for the mapping of the echo-character (Figure 3).

The SIMRAD TOPAS PS18 (Topographic Para-
metric Sonar) is an ultra-high-resolution seismic
reflection system. The TOPAS system emits pulses at
a primary frequency of 18 kHz, up to 30 kW of
power. This system is based on the so-called ‘para-
metric effect’, which is the generation of relative
low-frequency acoustic waves through the non-linear
interaction, in the first metres of the water column,
of two high-frequency sound beams. The resulting
secondary frequency used by the sounder has a

Figure 3. TOPAS PS18 parametric and multibeam echosounders (SIMRAD EM12, EM120 and EM1002) tracks carried out in the
Cantabrian Continental Margin and adjacent abyssal plains during the ‘Spanish Exclusive Economic Zone’ oceanographic cruises
in 2003, 2006–2009, 2014 and 2015. Moreover, the figure shows the position of the disposable bathythermographs (XBT) used.
Background DMT from EMODnet (https://www.emodnet-bathymetry.eu/).
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bandwidth frequency between 0.5 and 4.0 kHz. The
advantage of the TOPAS system over conventional
sub-bottom profiler systems (e.g. Chirp and 3.5-kHz)
is that the secondary seismic pulse it uses, with a nar-
rower and much more stable acoustic beam, allows
higher resolution (tens of cm) and better penetration
(90–100 ms TWTT) below the seafloor.

The data analysis was carried out in two phases: (1)
echo-character classification based on ultra-high-res-
olution seismic reflection records acquired with the
SIMRAD TOPAS PS18 parametric sounder; and (2)
echo-characters mapping based on the high-resolution
bathymetric and reflectivity data obtained with the
Kongsberg EM12 (until 2004), EM120 (since 2005)
and EM1002 (in 2006) multibeam echo sounders. A
total of 596 high-resolution seismic profiles with a
total length of 38,434 km, from seven oceanographic
cruises carried out on board the R/V Hespérides
during 2003, 2006, 2007, 2008, 2009, 2014 and 2015,
have been analysed and interpreted. The mapped
area covers an area of 219,124 km2 (Figure 3).

4. Echo-character map elaboration
processes

The echo-character map of the Cantabrian Margin has
been produced at 1:1,200,000 scale (see Main Map).
The geographical coordinate system used in the layout
is Universal Transverse Mercator projection. The
echo-character information has been incorporated
into the map on a digital terrain model in order to
easily visualize the distribution of echoes in relation
to the seabed morphology. For this purpose, acoustic
information on the seabed and sub-seabed and bathy-
metric information have been treated separately and
thereafter integrated.

In order to carry out the echo-character mapping,
the different acoustic facies were first defined and
classified on the basis of ultra-high-resolution seismic
profiles. Subsequently, their spatial distribution has
been established by interpolating the different echoes
defined in the seismic lines based on the morphology
and reflectivity of the seabed (Figure 4). The mapping
of polygons and topology analysis was carried out in
ArcGIS v.10.6.

The Digital Terrain Model (DTM) was produced
from an xyz file in ASCII format containing the bathy-
metry of the mapped area, combined with bathymetric
information from the European Marine Observation
and Data Network (EMODnet) to complete the mar-
ine areas where information of the SEEZ project was
missing, and with EU-DEM v1.1 data from the Coper-
nicus satellite network for the terrestrial areas. The
processing was carried out with the FME 2019 appli-
cation to generate a DTM with an X and Y regular res-
olution of 50 m in UTM-WGS84 projection and
0.000615° in WGS84 geographic coordinate system.

The DTM was post-processed by identifying possible
errors causing both unwanted depressions and peaks
in the relief and removing them using a sink-filling
algorithm. At the same time, the overlap zones
between the different bathymetries were smoothed in
those areas that presented problems. Finally, a low-
pass filter was applied to remove the high-frequency
noise. The shading model was generated from the
DTM using multidirectional shading combined with
a slope map to achieve a more natural result (see
Main Map). This procedure allows to highlight mor-
phologies that otherwise, using a single angle, may
remain hide in shadow or direct light areas.

In the final layout of the map, other information
layers were generated in addition to the mapping of
the spatial distribution of the defined echo types and
the digital terrain model. Among them, the bathyme-
try contour line layer was edited to generate depth
information labelling following the direction of the
contour line, and labels were added to identify reliefs
and singular entities, both in the offshore and onshore
zones (see Main Map). The appropriate colour palette
and transparency were also chosen to allow the seabed
shading to be seen and to make the map as clear and
visually aesthetic as possible.

5. Echo-character classification

A specific classification has been developed for the
study area using the methodology and based on the
classifications proposed by Damuth (1975, 1978,
1980), Damuth and Hayes (1977) and Pratson and
Laine (1989). Thirty types of echoes have been differ-
entiated into four main classes (Figure 5): (1) Distinct
echo, (2) Irregular echo, (3) Hyperbolic echo, and (4)
Undulated echo.

5.1. Type 1: distinct echoes

This echo-type is characterized by distinct and uni-
form bottom echoes. It occupies a surface of about
125,100 km2. Into this echo-type, 14 echo-subtypes
have been differentiated in the study area, on the
basis of sub-bottom acoustic facies, from A to N
(Figure 5). They are located in the continental shelf
and slope, and in the abyssal plain.

5.1.1. Subtype 1A
It is characterized by the absence of sub-bottom reflec-
tors underneath a distinct continuous bottom echoes.
This subtype shows an extension of 4058 km2.

5.1.2. Subtype 1B
It is characterized by parallel and stratified sub-bottom
reflectors underneath a distinct continuous bottom
echoes. This subtype shows the largest extension of
the study area, with a surface of 49,690 km2.
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5.1.3. Subtype 1A
It is characterized by the absence of sub-bottom reflec-
tors underneath a distinct continuous bottom echoes.
This subtype shows an extension of 4058 km2.

5.1.4. Subtype 1C
It is characterized by truncate sub-bottom reflectors
underneath a distinct continuous bottom echoes.
This subtype shows an extension of 9070 km2.

5.1.5. Subtype 1D
It is characterized by a distinct and uniform bottom
echo and sub-bottom acoustic blanking with stratified
reflectors in the base. This subtype shows an extension
of about 5400 km2.

5.1.6. Subtype 1E
It is characterized by a distinct and uniform bottom
echo and sub-bottom prograding reflectors. This sub-
type shows an extension of about 6630 km2.

5.1.7. Subtype 1F
It is characterized by a distinct and uniform bottom
echo and sub-bottom acoustic blanking with a distinct
reflector in the base. This subtype shows an extension
of 10,150 km2.

5.1.8. Subtype 1G
It is characterized by a distinct and uniform bottom
echo and sub-bottom stratified reflectors with acoustic
blanking in the base. This subtype covers an area of
approximately 230 km2.

5.1.9. Subtype 1H
It is characterized by a distinct and uniform bottom
echo and sub-bottom alternation of high reflective
parallel reflectors to bottom and acoustic blanking
levels. It has an extension of 29,030 km2.

5.1.10. Subtype 1I
It is characterized by a distinct and uniform bottom
echo and sub-bottom alternation of prograding and
continuous reflectors and acoustic blanking levels. It
occupies a total area of approximately 1310 km2.

5.1.11. Subtype 1J
It is characterized by a distinct and uniform bottom
echo and sub-bottom acoustic blanking with alterna-
tion of high reflective reflectors and acoustic blanking
levels in the base. It has an extension of 3012 km2.

5.1.12. Subtype 1K
It is characterized by a distinct and uniform bottom
echo and sub-bottom oblique reflectors. This echo
covers a surface of 114 km2.

5.1.13. Subtype 1L
It is characterized by a distinct and uniform bottom
echo and sub-bottom high reflective undulate, dis-
rupted reflectors, parallel to each other but not to
the bottom, with vertical transparent zones. This
echo covers an area of 137 km2.

5.1.14. Subtype 1M
It is characterized by a distinct and uniform bottom
echo and sub-bottom high reflective undulate, trun-
cate and parallel reflectors. It has an extension of
856 km2.

Figure 4. Echo-character map of the Cantabrian Continental Margin and adjacent abyssal plains showing the location and dis-
tribution of the different echo-subtypes identified on a shaded digital elevation model of the seabed. The echo-character colour
legend is shown in Figure 5.
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5.1.15. Subtype 1N
It is characterized by a weak bottom echo and sub-bot-
tom parallel and truncate reflectors. This echo
occupies an area of 5411 km2.

5.2. Type 2: irregular echoes

This echo-type comprises distinct and irregular bot-
tom echoes. Into this echo-type, four echo-subtypes
have been differentiated in the study area, from A to
D (Figure 5), occupying a surface of 2125 km2. They
are located in the continental slope and the abyssal
plain.

5.2.1. Subtype 2A
It is characterized by a distinct and irregular bottom
echo and sub-bottom acoustic blanking with high
reflective and prolonged reflectors in the base. It cov-
ers an area of 185 km2.

5.2.2. Subtype 2B
It is characterized by a distinct and irregular bottom
echo and sub-bottom without reflectors. It presents
an extension of 1465 km2 within the mapped area.

5.2.3. Subtype 2C
It is characterized by a distinct and irregular bottom
echo and sub-bottom acoustic blanking with high

Figure 5. Echo-character types and subtypes classification established for the Cantabrian Continental Margin and adjacent abyssal
plains map.
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reflective and subparallel to the bottom reflectors in
the base. It has an area of 57 km2.

5.2.4. Subtype 2D
It is characterized by a distinct and irregular bottom
echo and sub-bottom acoustic blanking with stratified
reflectors in the base disrupted by vertical transparent
zones. It has an area of 418 km2.

5.3. Type 3: hyperbolic echoes

This echo-type comprises prolonged and hyperbolic
bottom echoes. It occupies a surface of about 60,559
km2. Into this echo-type, six echo-subtypes have
been differentiated in the study area, from A to F,
depending on the relationship between the hyperbolas
vertex with respect to the seafloor or the sub-bottom
reflectors (Figure 5). They are located in the continen-
tal slope and the abyssal plain.

5.3.1. Subtype 3A
It is characterized by a bottom echo with irregular
hyperbolas overlapping in a single hyperbola with
variable elevations of the vertex with respect to the
bottom. The hyperbolas wavelength can oscillate
between 70 and 400 m and the amplitude does not
exceed 25 m. This echo covers an area of 43,963 km2.

5.3.2. Subtype 3B
It is characterized by a bottom echo with regular
hyperbolas with variable elevations of the vertex with
respect to the bottom and sub-bottom and with reflec-
tors. The hyperbolas’ average wavelength is about
5.5 km and the amplitude is approximately 7.5 m.
This echo occupies an area of 8229 km2.

5.3.3. Subtype 3C
It is characterized by a bottom echo with small and
regular hyperbolas overlapping with tangent vertex
to the bottom. The hyperbolas’ wavelength is about
6 m and the mean amplitude is about 50 cm. This
echo presents a surface of 1003 km2.

5.3.4. Subtype 3D
It is characterized by a bottom echo with irregular
hyperbolas with variable elevations of the vertex with
respect to the bottom and sub-bottom without reflec-
tors. The hyperbolas’ wavelength varies between 0.5
and 1 km, and the amplitude is approximately 10 m.
It has an extension of 7213 km2.

5.3.5. Subtype 3E
It is characterized by a bottom echo with irregular
overlapping hyperbolas and sub-bottom with concor-
dant reflectors. The hyperbolas’ wavelength varies
between 1 and 2.5 km, and the amplitude is about
9 m. It has an extension of about 3 km2.

5.3.6. Subtype 3F
It is characterized by a bottom echo with regular over-
lapping hyperbolas with the vertex tangent to the bot-
tom. The hyperbolas’ wavelength is about 0.9 m and
the amplitude not exceeding 3 m. It has an extension
of approximately 1730 km2.

5.4. Type 4: undulated echoes

This echo-type comprises irregular bottom echoes that
appear to be almost hyperbolic echoes. It shows a wide
variety of shapes and sizes. This type of echo covers an
area of 29,241 km2 in the mapped area. Into this echo-
type, six echo-subtypes have been differentiated, from
A to F (Figure 5). They are located in the continental
slope and the abyssal plain.

5.4.1. Subtype 4A
It is characterized by an undulated bottom echo and
sub-bottom alternation of high reflective reflectors
and acoustic blanking levels parallel to the bottom.
This echo occupies an area of 18,263 km2.

5.4.2. Subtype 4B
It is characterized by an undulated bottom echo and
sub-bottom parallel to each other but not to the bot-
tom reflectors. This echo covers a surface of 4186 km2.

5.4.3. Subtype 4C
It is characterized by undulated bottom echo and sub-
bottom acoustic blanking with a distinct reflector in
the base. This echo occupies an extension of about 4
km2.

5.4.4. Subtype 4D
It is characterized by an undulated bottom echo with
semi-parallel sub-bottom reflectors which thin or
wedge out. This echo occupies an area of 3776 km2.

5.4.5. Subtype 4E
It is characterized by an undulated bottom echo and
semi-parallel truncate sub-bottom reflectors. This
echo occupies an area of 2518 km2.

5.4.6. Subtype 4F
It is characterized by an undulated bottom echo with
parallel sub-bottom reflectors disrupted by vertical
transparent zones. This echo occupies an area of 487
km2.

6. Conclusions

This paper presents the 1:1,200,000 scale echo-charac-
ter map of the Cantabrian Margin. The map is based
on the interpretation of high-resolution seismic
profiles from the SIMRAD TOPAS PS18 parametric
echo sounder and their correlation with bathymetry
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and reflectivity data from the SIMRAD EM12, EM120
and EM1002 multibeam echo sounders. Data were
obtained during the oceanographic cruises carried
out in 2003, 2006–2009, 2014 and 2015 on board the
R/V Hespérides. This mapping has been carried out
within the framework of the ‘Scientific Research Pro-
gramme of the Spanish Exclusive Economic Zone’ by
the Spanish Geological and Mining Institute.

The map depicts the location, distribution and
extent of the identified acoustic facies on a shaded
digital terrain model of the seabed. Thirty eco-types
have been identified and grouped into four main
echoes: Distinct, Irregular, Hyperbolic and Undulated.
This map provides a valuable regional base for inter-
preting the recent and present-day sedimentary pro-
cesses in the region.

Software

The processing of the multibeam data has been carried
out by the Hydrographic Institute of the Spanish
Navy, using the Teledyne CARIS HIPS & SIPS soft-
ware package. Digital Terrain Model was performed
with the FME 2019 software. The correlation between
the superficial acoustic facies, the mapping of poly-
gons and edition of topology was performed in Arc-
GIS v.10.6. This information was later imported into
the Adobe Illustrator CS3 software, where the final
design and layout work was done.
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