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ABSTRACT
A new map of the seabed geomorphology on the Porcupine Bank, located at the western edge
of the north-eastern Atlantic shelf west of Ireland, uses high-resolution multibeam bathymetric
and backscatter data as well as numerous shallow seismic profiles to identify individual
landforms. They are described based on their acoustic signature on the various datasets. The
landforms comprise sharp-crested ridges, mounds and outcrops often associated with and
expressing underlying bedrock topography; sand waves highlighting modern currents
directions; and iceberg scours with strongly preferred orientations. The map is intended as
baseline evidence to test models of the palaeoceanographic and palaeoglaciological history
of the Porcupine Bank.
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1. Introduction

1.1. Geographical and topographical setting

The Porcupine Bank comprises the seabed expression
of the bedrock Porcupine High. It lies west of Ireland
between 51–54°N and 11–15°W, located approxi-
mately between 150 and 250 km from the Irish wes-
tern coastline and covering an area of more than
40,700 km2 (Main Map and Figure 1(a)). It is a S–N
trending plateau forming the north-western margin
of the Porcupine Seabight Basin (Naylor & Shannon,
2009; Naylor, Shannon, & Murphy, 2002). The Slyne
Ridge is a NE–SW extension of the north-western
Irish Shelf linking to the Porcupine High in water
depths of 250–300 m (Naylor et al., 2002). A W–E
topographic bench, the ‘Porcupine Saddle’, is partially
underlain by the Slyne Ridge and links the Bank to the
Irish shelf. It is characterised by water depths between
300 and 400 m and an approximate width of 100 km.
To the north and to the west the Porcupine Bank dis-
plays a shelf break at c. 500 m water depth; the slope is
steep and narrow towards the Rockall Trough (Sac-
chetti, Benetti, Georgiopoulou, Dunlop, & Quinn,
2011). To the south and southeast, the bank opens
with a gentle slope to the deep embayment of the Por-
cupine Seabight. The SW–NE oriented Porcupine
Ridge (Naylor et al., 2002) is normally taken to be
the northern, shallowest section of the Porcupine
Bank, where water depths are typically less than 200
m. The shallowest point of the bank is ∼145 m
(around 53.40°N–13.80°W) and is situated approxi-
mately 200 km west of Ireland. The majority of the
bank occurs between 200 and 400 m isobaths (Figure
1(a)).

Overall, gradients on the bank are low (less than
0.5°; see Figure 1(b)). To the north and northwest
gradients over 3° are common between the 400 and
500 m isobaths on the outer part of the bank and
locally on escarpments. Steep slopes greater than 5°
are present on significant seabed features described
in Section 3.

1.2. Sedimentology of the Porcupine Bank

The bank was first surveyed in 1981 onMV Challenger
expedition 11/81 using seabed samples, underwater
video and shallow seismic profiling (Scoffin & Bowes,
1988), and multiple surveys have been carried out
since (Cullen, 2003; Dorschel, Wheeler, Monteys, &
Verbruggen, 2010; McDonnell & Shannon, 2001; Nay-
lor & Shannon, 2009). Scoffin and Bowes (1988) subdi-
vided the bank into two broad regions, with a clear
depth zonation: (1) an area centred on and surround-
ing the Porcupine Ridge, dominated by up to
boulder-sized clasts in a matrix of coarse sand-sized
fragments of benthic organisms, with some quartz
sand; and (2) an area between 200 and 500 m water
depth dominated by foraminifera-rich (benthic and
pelagic) glauconitic quartz sand.

1.3. Objective of the present study

This paper describes the Porcupine Bank’s geomor-
phology and near-seabed geology, from the Porcupine
Ridge (∼150 m water depth) down to the shelf break at
500 m water depth, covering an area of approximately
65,000 km² (Main Map).
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2. Datasets and methodologies

In 2000 and 2001, the Irish Government mapped the
Porcupine Bank using Multibeam Echosounder
(MBES) bathymetry surveying on the SV Bligh and
the SV Siren with contemporaneous collection of shal-
low seismic profiles as part of the Irish National Seabed
Survey (INSS) programme. High-resolution seabed
imagery derived from the data has facilitated the deli-
neation of submarine geomorphology to an unprece-
dented level of detail; preliminary mapping of these
features has been presented in Dorschel et al. (2010).
MBES also provides co-located multibeam backscatter
information from which sea floor sediment acoustic
properties can be inferred.

2.1. Multibeam sonar data collection and
processing

Bathymetry and backscatter data were collected using a
Simrad EM1002 multibeam echosounder, with an
operational frequency of 93–98 kHz and pulse lengths
of 0.5 ms (150–250 m) and 0.7 ms (250–500 m). The
Simrad EM1002 system operates from a semicircular
transducer mounted on the ship hull, which emits
111 beams with a spacing of 2° by 2° over an angular
sector of 150°. Vertical resolution exceeds 0.2% of
water depth, excluding position, attitude and refraction
uncertainties. The spatial sampling density in the study
area varied from 10 by 10 m in the shallowest areas, to
20 by 20 m in the deepest parts.

Bathymetry Digital Terrain Models (DTMs) were
gridded from hydrographically and tidally corrected
soundings using weighted average (12 nearest neigh-
bours) algorithms. Two spatial resolutions were

produced: 50 by 50 m for small-scale mapping (i.e.
large areas) and 20 by 20 m grid spacing (large scale
mapping) to characterise individual features. The 20
by 20 m grid was used to display bathymetry in the
figures of this paper (Figures 1–4 and 6–9). In addition,
a set of bathymetry derivatives were generated from
these DTMs: shaded relief images in orthogonal orien-
tations (Figures 1–4 and 6–9) and slope indices (Figure
1(b)) using Jenness tools in Esri ArcGIS (Wright et al.,
2012). Linear data artefacts located at the overlapping
edges of the survey lines are visible over the whole
study area and a range of shaded relief illuminations
angle were used to limit their visual impact.

Backscatter data were acquired coincident with the
bathymetry data. Post-processing of the backscatter
data was performed using QPS FMGT Geocoder tools
as detailed by Fonseca and Calder (2005). The acqui-
sition parameters for the data varied based on the
water depth, the vessel used and the year of the survey.
This situation created an issue where a mosaic for the
whole study area could not be harmonised and so will
always show contrast between various lines of the survey
(Figure 1(c)). However the data are of very high quality
and were used with mosaics created for specific regions.

2.2. Sub-bottom data collection and processing

The sub-bottom data were acquired using a pinger sys-
tem during the main operations of the INSS pro-
gramme. The source was a heave-corrected 3.5 kHz
transceiver in conjunction with an Oretech 3010S
hull-mounted 4° by 4° transducer array. The raw signal
was processed by an Octopus 360 sub-bottom pro-
cessor, where the signal was corrected by applying
time varying gain and filtered for heave and swell.

Figure 1. (a) Overview of the multibeam bathymetric dataset for the study area with highlighted locations of Figures 2, 4, 7 and 9.
(b) Overview of the bathymetric derivative slope gradient for the study area. (c) Overview of the backscatter data for the study area.
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Over 40,000 line km were collected coincident with the
main INSS survey lines.

2.3. Morphometric analysis

2.3.1. Geomorphology
The geomorphology of the bank and surrounding area
was mapped using high-resolution MBES data. The
band pass filtering techniques of Hiller and Smith
(2008) were applied to de-trend (remove regional
slope) and remove azimuthally biased interpretation
from landform morphology and pattern analysis. Mor-
phometric analysis was performed predominantly
through visual interpretation of raster grids in QPS Fle-
dermaus v 7.4.0 and Esri ArcGISTM v10.1 (similar to
the procedures adopted by Dolan, Grehan, Guinan, &
Brown, 2008; Sacchetti et al., 2011; Sacchetti, Benetti,
Ó Cofaigh, & Georgiopoulou, 2012). This initial
interpretation was completed using bathymetry,
shaded relief (false illumination at right angles) and
slope gradient (in degrees). In some cases, cross-sec-
tional profiles were created as validation of the ident-
ified features (Figure 3(b)), which were digitised
manually in ArcGIS.

2.3.2. Backscatter
A range of backscatter mosaics with a spatial resolution
of 20 × 20 m2 were produced and interpreted in a geo-
graphic information system (GIS) for further charac-
terisation of geomorphological features (Figures 1(c)
and 5). The backscatter strength displayed in this
paper is the logarithmic form of the backscatter coeffi-
cient in decibels (dB). This coefficient is defined as the
characterising quantity for seafloor reflectivity and, at a
given frequency, is an inherent property of the seafloor
that varies with the angle of incidence (Hammerstad,
2000).

2.3.3. Shallow seismic profiles
A number of sub-bottom profiles were investigated
when appropriately crossing the geomorphological fea-
tures recognised from the MBES data (Figures 2, 7, 8
and 9). The aim was to characterise the acoustic signa-
ture of the material forming or cut by the feature and
infer its potential nature and/or internal structure
(Bradwell & Stoker, 2015; Mitchum, Vail, & Sangree,
1977). An average estimated acoustic velocity of
1650 m/s was used to calculate the thickness of the
sedimentary units as calculated in the nearby vicinity
of the Porcupine Bank western slopes (Haughton
et al., 2005; Øvrebø, Haughton, & Shannon, 2006).
Maximum acoustic penetration was about 60 m
below seabed with approximately 0.4 m vertical resol-
ution. Acquisition parameters, data logging and
interpretation were carried out using the CodaOctopus
Seismic suite.

3. Results

A large number and wide range of distinctive seabed
features and lineaments have been identified. These
will be described according to their assigned classes,
beginning with positive linear features (ridges and bed-
form lineations), followed by positive polygonal fea-
tures (rock outcrops and mounds), and finally
negative linear features (iceberg scours and gullies
and channels).

3.1. Ridges and plateau

A number of seabed ridges, up to 30 m high have been
identified to exist at water depths between 150 and
400 m in the northern portion of the study area.
These features have a positive relief (i.e. the two
sides have positive slopes) with a range of dimensions,
plan outlines and orientations. The ridges have been
mapped with a line for their crest and a polygon to
mark their footprint, or the recognised extent of
their slopes. They have been grouped according to

Figure 2. (a) Bathymetry of the saddle and Slyne ridge sector
with highlighted ridge crests and footprints and the location of
Figure 3. (b) Section of the INSS sub-bottom line 5097 over a
West-East oriented ridge of the Saddle sector. (c) Interpretative
diagram for the seismic profile of (b) with indication of onlap-
ping sediments on the ridge material.
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their specific region and morphologies and described
in the next sections following a westward direction,
from the Slyne Ridge to the northwest of the Porcu-
pine Bank.

3.1.1. The Porcupine Saddle area
Several prominent, large sharp crested ridges occur
across the Porcupine Saddle on the outer shelf (Figure

2(a)). They are up to 30 m high, 20 km long and up to
1 km wide with slopes typically of 1.5° but some are up
to 3° (Figure 3). The majority of these features are cur-
vilinear and their orientation is approximately E–W
(Figure 2(a): ridges R1, R2 and R3). The footprint of
an apparent NNE–SSW-oriented ridge (Figure 2(a):
ridge R4) appears to separate the area into two, but clo-
ser examination reveals four more subtle ridge crests

Figure 3. (a) Bathymetry of the large west-east oriented ridge complex R2 of the Saddle sector. (b) Associated bathymetric profile
B–B′.

Figure 4. (a) Bathymetry of the Porcupine ridge sector with highlighted outlines of the bedrock plateau and the bedform zone as
well as the Porcupine ridge crest. The locations of Figures 5 and 6 are also presented. (b) Focus on the bathymetry of a part of the
largest cluster of bedrock outcrops (with highlighted outlines) in the study area at the southeastern edge of the bedrock plateau. (c)
Focus on the central area of the bedrock plateau to display the more subtle ridges there.
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with a more regular E–W orientation across it and
reaching local heights of up to 15 m (Figure 2(a): ridges
R4a to c). The uniformly chaotic acoustic signature
with poor signal penetration in the sub-bottom profiles
of the ridges in the area suggests a hard substrate core
(Figure 2(b)). Additionally, some profiles indicate
onlapping sedimentary layers onto a reflective ridge
core (Figure 2(c)).

3.1.2. The Porcupine Ridge area
The Porcupine Ridge lies at the centre of the Porcupine
Bank bedrock plateau (Figure 4(a)). The bedrock pla-
teau is 100 km long and 25 km wide with sharply
defined escarpments to the east and north and blocky
mounds interpreted as outcropping bedrock (see
below and Figure 4(b)) in places along its eastern and
far western edges. It lies at shallow depth with a mini-
mum at 145 m over a surrounding seabed at 250 m
water depth. The terrain to the south is smooth with
slope angles under 0.1°. The southern edge of the

plateau is determined by the break of slope at the
edge of the Porcupine Ridge where slopes up to 0.5°
occur.

The Porcupine Ridge itself is 40 km long and up to
10 km wide. Its crest bifurcates twice to the north and
to the south (Figure 4(a)). A number of smaller ridges
of subtle morphology occur over the Porcupine Ridge.
They are usually less than 5 km long, a few hundred
meters wide and appear to be also stepped towards
the Porcupine Ridge edges reaching local heights of
about 4–5 m and slope angles of 0.5° (Figure 4(c)).

The Porcupine Ridge surface is characterised by a
generally high backscatter background strength (Figure
1(c)) with large N–S oriented bands (over 1 km wide)
of low backscatter which are themselves striated by
SW–NE oriented thin bands (around 200 m wide) of
high backscatter (see the northern half of Figure 5).
The high backscatter signal background for this area
suggests a hard substrate, which is confirmed by the
absence of penetration in the local sub-bottom data.

Figure 5. Backscatter response of the Porcupine Ridge plateau to the north and a part of the field of bedform lineations to the
south.
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The origin of the complex seafloor for the region may
lie in competing currents influencing the deposition of
softer (sandy) sediments over bedrock or gravel (Mohn
& Beckmann, 2002).

3.1.3. The north and northwest area
The ridges of this area (Figure 4(a)) appear to have simi-
lar orientation and morphologies to the ridges on the
Saddle (Section 3.1.1 and Figure 2(a)). However, a num-
ber of these are distinct and defined as asymmetric in
slope gradients with a shape comparable to a step and
are described as stepped ridges (Figures 4(a), 6(a) and
b). They are generally 1.5° on the step side and 3° on
the steeper side. These ridges are up to 20 km long
and often have a convex curved crest with respect to
the bedrock plateau to the south. Their heights range
from 5 to 25 m. Some of these stepped ridges have
been associated with extensional faults (Dingle, Meg-
son, & Scrutton, 1982). Additionally, on their southern
gently sloping side (1.5°), some of the stepped ridges
display branching crests in a dendritic pattern (Figure
6(a)). These branched ridges are only a few metres
high and have sloping sides of up to 4° and run down
the larger ridge slope over distances of more than 1
km. Furthermore, some of the ridges appear to delineate
accumulation wedges on their western sides as

illustrated in Figure 6(b). The backscatter and sub-bot-
tom signatures for the ridges in the area (not illustrated
here) are similar to the ones on the Porcupine Ridge,
suggesting a hard substrate extending to the north and
northwest ridges.

3.2. Bedform lineations

A 1800 km2
field of linear bedforms has been identified

to the south of the Porcupine Ridge between 180 and
210 m water depths (Figures 4(a) and 5). The bedforms
have a relief of ∼1 m, an average length of 600 m and
an average width of 250 m with slopes between 0.2
and 0.4°. There are two main directions for these linea-
tions: NE–SW and W–E. These characteristics dis-
tinguish them from the MBES bathymetrical data
artefacts. The backscatter strength from the zone is
generally high, including over the bedforms while the
depressions formed between them have generally
lower backscatter. The size of the bedform lineations
prevents them being resolved in the sub-bottom pro-
files. However, the datasets from the zone where they
appear present a signal penetration of more than 15
m and show a continuous reflector at a depth of 5–
10 m that runs mostly parallel with the seabed.

Figure 6. Bathymetry of two large west–east oriented ridge complexes of the Northwest sector; (a) dendritic branches of the ridge
crests and (b) wedge on the western side of the ridges.
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The morphology of these bedform lineations points
towards their interpretation as sand waves, comparable
though smaller to contourite drifts lineations (Belder-
son, Johnson, & Kenyon, 1982; Kenyon & Stride,
1970; Stow et al., 2009). Their two differing directions
could correspond to either a change in subsurface cur-
rent and/or sediment supply or two concurrent depo-
sition processes with directions running NW–SE or
N–S. The backscatter signature for the area is inter-
preted as coarse sand to gravel material (as indicated
in Scoffin and Bowes (1988)), with the possible depo-
sition of soft sediment in the depression between the
bedforms (see the southern half of Figure 5). The dee-
per pernetration observed on the shallow seismic data
suggests a softer substrate than the one on the Porcu-
pine Ridge, while the detected reflector could represent

the continuation of the bedrock plateau surface below
the coarse sand.

3.3. Bedrock outcrops

Patchy clusters of low positive relief, high rugosity fea-
tures (metre-scale textural patterns) were recognised
on the edges of the bedrock plateau surrounding the
Porcupine Ridge at depths shallower than 250 m in
three separate zones; the main one extending over 75
km with a ENE–WSW orientation at the south-eastern
edge of the plateau (Figure 4(a) and (b)), a smaller zone
located on the northern edge of the middle of the pla-
teau extending over 20 km with a W–E orientation
(Figure 4(a)). The final zone located at the south-wes-
tern edge of the plateau covering an area less than 25

Figure 7. (a) Bathymetry of the southern part of the Porcupine Bank with highlighted locations of Figure 8. (b) Section of the INSS
sub-bottom line 5220b over the mound with central depression. (c) Associated interpretative diagram to the seismic profile dis-
played in (b).
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km2 (not illustrated here). They are low relief, blocky
features of 10–100 s m in diameter with well-defined
slopes (up to 4°). They follow a WSW–ENE trend
but with very varied heights and widths; the large out-
crops from the south-eastern edge of the Porcupine
Ridge protrude 20–40 m above the surrounding sea-
floor (Figure 4(a)). Interpretation of sub-bottom seis-
mic profiles (not illustrated here) and backscatter
data over the area indicate a hard substrate for these
features and they have been interpreted as bedrock
outcrops.

3.4. Mound with a central depression

A conical mound with a central depression occurs on
the southern part of the bank between 340 and 350
m water depth (Figure 7(a)). This feature has an

elliptical ridge with a major axis of 7 km and the
minor of 5 km. The average inside height above sea-
floor is 50 m, with a maximum of 70 m at the crest
of the ridge and a total area of 70 km². The outer
wall of the cone is steep (slopes of 3° in average and
over 4.5° in places) and smooth, ending in a sharp elev-
ated crest on the north-eastern side. Higher backscatter
response over this feature suggests a hard substrate.
Interpretation of the seismic profile with low signal
penetration and numerous hyperbolae (Figure 7(b)
and (c)) also indicates a hard substrate with probable
gravel and/or boulders present at the surface.

3.5. Clustered mounds and ridges

A cluster of low mounds and ridges occurs in the
southern area, located southwest of the top of the

Figure 8. (a) Bathymetry of the cluster of mounds and ridges. (b) Section of the INSS sub-bottom line 5176 over one of the mounds
of the cluster. (c) Associated interpretative diagram to the seismic profile displayed in (b).
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bank between 340 and 360 m water depth, with a total
area of 140 km² (Figures 7(a) and 8(a)). These mounds,
in excess of 20, are spatially distributed along a curving
line forming a ‘V’ pointing to the south and with a
rough circular head to the east. Some of these mounds
are isolated whereas some are connected by ridges. The
features are up to 70 m high (higher in the east) and
several hundred meters long for isolated mounds to a
few kilometres long for ridges. They have moderate
to very steep slopes angles of up to 10° (Figure 8(b)).
The backscatter signal for the cluster is of high strength
but this is mainly due to the steep slopes of these fea-
tures. The sub-bottom signature of these mounds is
one of little penetration but some potential

continuation of their steep morphology below the
modern seafloor (Figure 8(c)).

3.6. Iceberg scours

Over 30,000 lineaments, consisting of cross-cutting
segments of negative relief, have been mapped in this
study (Figures 1(a) and 9(a)). They are ubiquitous
and surround the Porcupine Bank in water depths
between 180 m on the shelf margin to 575 m on the
western edges of the bank (Figure 1(a)), sometime
appearing over positive features described above such
as ridges and the mound with a central depression
(Figures 3(a) and 7(a)). Typically, they show two

Figure 9. (a) Bathymetry of a region of the eastern slopes of the Saddle displaying numerous iceberg scours. (b) Section E–E′ of the
INSS sub-bottom line 5042 over iceberg scours. (c) Associated interpretative diagram of seismic profile displayed in (b) with indi-
cation of an infilling seismic unit in the larger iceberg scour.
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different morphologies: linear to curvilinear furrows up
to 10 m deep, up to 300 m wide and up to 20 km long
(with occasional side berms of 1–2 m in height and
slopes of 1–3°) or crater pits up to 15 m deep and up
to 200 m in diameter (a long axis was identified for
their representation as lineaments on the map), some-
times forming one end of a furrow. Two main orien-
tations were recorded: S–N and E–W. The multibeam
backscatter signature of the area where these features
are formed is of lower strength than the bedrock pla-
teau area (Figure 1(c)), while some of the furrows
and craters themselves present a lower strength still
than the surrounding seabed. Due to their size, these
features are generally not resolved in the sub-bottom
data but the area where they are found is characterised
by relatively high penetration of the acoustic signal
showing two clear units with internal sub-parallel dis-
continuous reflectors (Figure 9(b) and (c)). Some of the
seismic profiles display a separate unit inside some of
the larger furrows (Figure 9(c)).

These features have been interpreted as relict iceberg
scours (Dorschel et al., 2010; Monteys, Praeg, Caloca, &
Gardia-Gil, 2008) produced by floating ice grounding
on the seabed. Their two main orientations suggest
different phases of formation. Both the backscatter
and shallow seismic (Figure 9(c)) data suggest that
some of the larger furrows are infilled with finer hom-
ogenous sediment that show less compaction (Monteys
et al., 2008).

3.7. Gullies and channels

Further linear depressions have been identified in the
study area and were classified as gullies and channels
due to their morphology, location and isolation. Two
channels were recognised in the southern Porcupine
Bank with dimensions up to 50 km long and 10 m
deep (with wall slope angles of about 2°) and with a
cross slope direction. Shorter gullies (maximum length
of 5 km) were identified between outcropping bedrock
to the southeast of the bedrock plateau (Figure 4(a)).
The backscatter strength of the two identified channels
is lower than their surroundings while the acoustic sig-
nal of the areas where they formed displays the deepest
penetration (over 50 m) with numerous sub-parallel
continuous internal reflectors. These data suggest a
softer stratified substrate and would indicate a concen-
trated flow to the outer bank and eventually the slopes.

3.8. Escarpments

Sharp breaks of slope were digitised and classified as
escarpments. These were recognised mainly on the
northern edges of the study area at the top of the
steep slopes running to the Rockall Trough (Sacchetti
et al., 2011) and to the edge of the cluster of identified
bedrock outcrops to the southeast of the bedrock

plateau. Another two long escarpments (30 and 40
km long) were identified in the southern Porcupine
Bank at 350–370 m water depth.

4. Conclusions

The map associated with this article constitutes the
first detailed study of the seabed geomorphology of
the Porcupine Bank, a prominent bathymetric feature
of the western Irish Shelf. A range of distinctive fea-
tures have been interpreted based on multibeam and
sub-bottom surveys. A number of ridges are present
running mainly W–E along the northern edge of the
Porcupine Bank. Their sharp-crested, arcuate mor-
phology, scale and acoustic signature would draw
comparisons with the subglacial ridges identified else-
where on the Irish Shelf (Benetti, Dunlop, & Ó
Cofaigh, 2010; Dunlop, Shannon, McCabe, Quinn, &
Doyle, 2010; Ó Cofaigh, Dunlop, & Benetti, 2012; Sac-
chetti, Benetti, Georgiopoulou, et al., 2012). However,
further work is needed to test this hypothesis. Bed-
forms interpreted here as sand waves were found clus-
tered to the south of the bedrock plateau and their
orientation and size could help us to characterise the
local currents. A range of mounds were classified in
three categories based on their morphologies and
their various origins are at this point unknown. The
presence of iceberg scours over the Porcupine Bank
was previously recognised, but their widespread den-
sity has here been mapped and provides the basis
for further research into the age and origin of their
formation. Finally, channels, gullies and escarpments
were identified and their presence could indicate con-
trasting seabed stress.

Software

The bathymetric DTMs were created using QPS Fle-
dermaus v7.4 with grids of approximately 50 × 50 m2

and 20 × 20 m2 horizontal resolution using a weighted
moving average gridding algorithm. These DTMs were
then shaded in two orthogonal illumination directions
(NW–SE and NE–SW) and a vertical exaggeration of
60X applied. The DTM grids were imported into Esri
ArcGIS and analysed using QPS Fledermaus v7.4 to
identify the geomorphological features which were
then digitised.

The backscatter mosaics were created using QPS
Fledermaus FMGT v7.4 with a horizontal resolution
of about 20 m. The final backscatter mosaics were
imported, balanced and merged into Esri ArcGIS and
utilised together with multibeam bathymetry for geo-
morphological interpretation.

The landforms presented in this paper were visually
digitised by the authors using Esri ArcGIS.

956 B. THÉBAUDEAU ET AL.



Data

The authors will supply the digitised datasets created
for the map as a compressed rar archive containing
the shapefiles of the various seabed features.

Acknowledgements

The authors wish to thank the Geological Survey of Ireland
and the INFOMAR programme for data access, multibeam
processing and advice. The bathymetric and backscatter
datasets are available at https://jetstream.gsi.ie/iwdds/index.
html. The authors wish to thank Brian J. Todd, Chris
Orton and Sara Benetti for their detailed review of the
map and manuscript; their comments helped improve this
article.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was funded by the Irish Research Council [grant
number EPSPD/2014/15].

ORCID

Benjamin Thébaudeau http://orcid.org/0000-0002-
5701-2198
StephenMcCarron http://orcid.org/0000-0001-5521-
5226

References

Belderson, R. H., Johnson, M. A., & Kenyon, N. H. (1982).
Bedforms. In A. H. Stride (Ed.), Offshore tidal sands:
Processes and deposits (pp. 27–57). London: Chapman
and Hall.

Benetti, S., Dunlop, P., & Ó Cofaigh, C. (2010). Glacial and
glacially-related features on the continental margin of
northwest Ireland mapped from marine geophysical
data. Journal of Maps, 6(1), 14–29. doi:10.4113/jom.
2010.1092

Bradwell, T., & Stoker, M. S. (2015). Submarine sediment
and landform record of a palaeo-ice stream within the
British−Irish Ice sheet. Boreas, 44(2), 255–276. doi:10.
1111/bor.12111

Cullen, S. (2003). Irish National seabed survey – An intro-
ductory overview. Hydrographic Journal, 22–25.

Dingle, R. V., Megson, J. B., & Scrutton, R. A. (1982).
Acoustic stratigraphy of the sedimentary succession west
of Porcupine bank, NE Atlantic Ocena: A preliminary
account. Marine Geology, 47(1), 17–35.

Dolan, M. F. J., Grehan, A. J., Guinan, J. C., & Brown, C.
(2008). Modelling the local distribution of cold-water cor-
als in relation to bathymetric variables: Adding spatial
context to deep-sea video data. Deep Sea Research Part
I: Oceanographic Research Papers, 55(11), 1564–1579.
doi:10.1016/j.dsr.2008.06.010

Dorschel, B., Wheeler, A. J., Monteys, X., & Verbruggen, K.
(2010). Atlas of the deep-water seabed. Dordrecht:
Springer Netherlands. doi:10.1007/978-90-481-9376-9

Dunlop, P., Shannon, R., McCabe, A. M., Quinn, R., & Doyle,
E. (2010). Marine geophysical evidence for ice sheet exten-
sion and recession on the Malin Shelf: New evidence for
the western limits of the British Irish Ice sheet. Marine
Geology, 276(1–4), 86–99. doi:10.1016/j.margeo.2010.07.
010

Fonseca, L., & Calder, B. (2005). Geocoder: An efficient back-
scatter map constructor. Paper presented at the proceed-
ings of the US hydrographic conference, San Diego.

Hammerstad, E. (2000). Backscattering and seabed image
reflectivity. Simrad EM Technical Note, 5pp. Retrieved
from http://www.km.kongsberg.com/ks/web/nokbg0397.
nsf/AllWeb/C2AE0703809C1FA5C1257B580044DD83/
$file/EM_technical_note_web_BackscatteringSeabedIma
geReflectivity.pdf?OpenElement.

Haughton, P. D. W., Praeg, D., Shannon, P. M., Harrington,
G., Higgs, K., Amy, L.,…Morrissey, T. (2005). First results
from shallow stratigraphic boreholes on the eastern flank
of the Rockall Basin, offshore western Ireland. Geological
Society, London, Petroleum Geology Conference Series
(Vol. 6, pp. 1077–1094). doi:10.1144/0061077

Hiller, J. K., & Smith, M. (2008). Residual relief separation:
Digital elevation model enhancement for geomorphologi-
cal mapping. Earth Surface Processes and Landforms, 33
(14), 2266–2276. doi:10.1002/esp.1659

Kenyon, N. H., & Stride, A. H. (1970). The tide-swept con-
tinental shelf sediments between the Shetland isles and
France. Sedimentology, 14, 159–173.

McDonnell, A., & Shannon, P. M. (2001). Comparative
Tertiary stratigraphic evolution of the Porcupine and
Rockall basins. Geological Society, London, Special Publi-
cations, 188(1), 323–344.

Mitchum, R. M., Vail, P. R., & Sangree, J. B. (1977). Seismic
stratigraphy and global changes of sea level, part 6:
Stratigraphic interpretation of seismic reflection patterns
in depositional sequences. American Association of
Petroleum Geologists, 16, 117–123.

Mohn, C., & Beckmann, A. (2002). Numerical studies on flow
amplification at an isolated shelfbreak bank, with appli-
cation to Porcupine Bank. Continental Shelf Research, 22
(9), 1325–1338. doi:10.1016/S0278-4343(02)00004-3

Monteys, X., Praeg, D., Caloca, S., & Gardia-Gil, S. (2008).
Iceberg keel marks on the Porcupine and Rockall Banks,
NEAtlantic. InAGUSpringmeeting abstracts (Vol. 1, p. 6).

Naylor, D., & Shannon, P. M. (2009). Geology of offshore
Ireland. In C. H. Holland & I. S. Sanders (Eds.), Geology
of Ireland (2nd ed., pp. 405–460). Edinburgh: Dunedin
Academic Press.

Naylor, D., Shannon, P. M., & Murphy, N. (2002). Porcupine-
Goban region – A standard structural nomenclature system.
Petroleum Affairs Division, Special Publication 1/02.

Ó Cofaigh, C., Dunlop, P., & Benetti, S. (2012). Marine geo-
physical evidence for late Pleistocene ice sheet extent and
recession off northwest Ireland. Quaternary Science
Reviews, 44, 147–159. doi:10.1016/j.quascirev.2010.02.005

Øvrebø, L. K., Haughton, P. D. W., & Shannon, P. M. (2006).
A record of fluctuating bottom currents on the slopes west
of the Porcupine bank, offshore Ireland – Implications for
late quaternary climate forcing.Marine Geology, 225(1–4),
279–309. doi:10.1016/j.margeo.2005.06.034

Sacchetti, F., Benetti, S., Georgiopoulou, A., Dunlop, P., &
Quinn, R. (2011). Geomorphology of the Irish Rockall
Trough, North Atlantic Ocean, mapped from multibeam

JOURNAL OF MAPS 957

http://orcid.org/0000-0002-5701-2198
http://orcid.org/0000-0002-5701-2198
http://orcid.org/0000-0001-5521-5226
http://orcid.org/0000-0001-5521-5226
http://dx.doi.org/10.4113/jom.2010.1092
http://dx.doi.org/10.4113/jom.2010.1092
http://dx.doi.org/10.1111/bor.12111
http://dx.doi.org/10.1111/bor.12111
http://dx.doi.org/10.1016/j.dsr.2008.06.010
http://dx.doi.org/10.1007/978-90-481-9376-9
http://dx.doi.org/10.1016/j.margeo.2010.07.010
http://dx.doi.org/10.1016/j.margeo.2010.07.010
http://www.km.kongsberg.com/ks/web/nokbg0397.nsf/AllWeb/C2AE0703809C1FA5C1257B580044DD83/$file/EM_technical_note_web_BackscatteringSeabedImageReflectivity.pdf?OpenElement
http://www.km.kongsberg.com/ks/web/nokbg0397.nsf/AllWeb/C2AE0703809C1FA5C1257B580044DD83/$file/EM_technical_note_web_BackscatteringSeabedImageReflectivity.pdf?OpenElement
http://www.km.kongsberg.com/ks/web/nokbg0397.nsf/AllWeb/C2AE0703809C1FA5C1257B580044DD83/$file/EM_technical_note_web_BackscatteringSeabedImageReflectivity.pdf?OpenElement
http://www.km.kongsberg.com/ks/web/nokbg0397.nsf/AllWeb/C2AE0703809C1FA5C1257B580044DD83/$file/EM_technical_note_web_BackscatteringSeabedImageReflectivity.pdf?OpenElement
http://dx.doi.org/10.1144/0061077
http://dx.doi.org/10.1002/esp.1659
http://dx.doi.org/10.1016/S0278-4343(02)00004-3
http://dx.doi.org/10.1016/j.quascirev.2010.02.005
http://dx.doi.org/10.1016/j.margeo.2005.06.034


bathymetric and backscatter data. Journal of Maps, 7(1),
60–81. doi:10.4113/jom.2011.1157

Sacchetti, F., Benetti, S., Georgiopoulou, A., Shannon, P. M.,
O’Reilly, B. M., Dunlop, P.,…Ó Cofaigh, C. (2012). Deep-
water geomorphology of the glaciated Irish margin from
high-resolution marine geophysical data. Marine Geology,
291–294, 113–131. doi:10.1016/j.margeo.2011.11.011

Sacchetti, F., Benetti, S., Ó Cofaigh, C., & Georgiopoulou, A.
(2012). Geophysical evidence of deep-keeled icebergs on
the Rockall Bank, Northeast Atlantic Ocean.
Geomorphology, 159–160, 63–72. doi:10.1016/j.geomorph.
2012.03.005

Scoffin, T. P., & Bowes, G. E. (1988). The facies distribution
of carbonate sediments on Porcupine Bank, northeast

Atlantic. Sedimentary Geology, 60(1–4), 125–134. doi:10.
1016/0037-0738(88)90114-5

Stow, D. A. V., Hernández-Molina, F. J., Llave, E., Sayago-
Gil, M., Díaz-del Río, V., & Branson, A. (2009).
Bedform-velocity matrix: The estimation of bottom cur-
rent velocity from bedform observations. Geology, 37(4),
327–330. doi:10.1130/G25259A.1

Wright, D. J., Pendleton, M., Boulware, J., Walbridge, S.,
Gerlt, B., Eslinger, D.,…Huntley, E. (2012). ArcGIS
Benthic Terrain Modeler (BTM), v. 3.0. Environmental
Systems Research Institute, NOAA Coastal Services
Center, Massachusetts Office of Coastal Zone
Management. Retrieved January 12, 2015, from http://
esriurl.com/5754.

958 B. THÉBAUDEAU ET AL.

http://dx.doi.org/10.4113/jom.2011.1157
http://dx.doi.org/10.1016/j.margeo.2011.11.011
http://dx.doi.org/10.1016/j.geomorph.2012.03.005
http://dx.doi.org/10.1016/j.geomorph.2012.03.005
http://dx.doi.org/10.1016/0037-0738(88)90114-5
http://dx.doi.org/10.1016/0037-0738(88)90114-5
http://dx.doi.org/10.1130/G25259A.1
http://esriurl.com/5754
http://esriurl.com/5754

	Abstract
	1. Introduction
	1.1. Geographical and topographical setting
	1.2. Sedimentology of the Porcupine Bank
	1.3. Objective of the present study

	2. Datasets and methodologies
	2.1. Multibeam sonar data collection and processing
	2.2. Sub-bottom data collection and processing
	2.3. Morphometric analysis
	2.3.1. Geomorphology
	2.3.2. Backscatter
	2.3.3. Shallow seismic profiles


	3. Results
	3.1. Ridges and plateau
	3.1.1. The Porcupine Saddle area
	3.1.2. The Porcupine Ridge area
	3.1.3. The north and northwest area

	3.2. Bedform lineations
	3.3. Bedrock outcrops
	3.4. Mound with a central depression
	3.5. Clustered mounds and ridges
	3.6. Iceberg scours
	3.7. Gullies and channels
	3.8. Escarpments

	4. Conclusions
	Software
	Data
	Acknowledgements
	Disclosure statement
	Funding
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice




