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1. Summary and Acknowledgements

Cruise 64PE252 with RV Pelagia, 30 August — 21 September 2006, was conducted by the
Royal Netherlands Institute for Sea Research (Royal NIOZ), in cooperation with participants
from various European research institutes and universities. The primary objective of the
cruise was to collect material for investigating the dispersal of anthropogenic lead through
submarine canyons of the Portuguese continental margin, as part of the project “Lead in
Canyons’ funded by the Netherlands Organisation for Scientific Research (NWO). The
second objective of the cruise was to investigate various aspects of oceanography, geology,
geochemistry and biology of the canyons and adjacent continental margin, as a contribution
to the European project HERMES (Hotspot Ecosystem Research on the Margins of European
Seas). Cruise activities were focussed on four transects running approximately at aright angle
to the coastline from the inner shelf to the edge of the abyssal plain. Transects were located,
respectively from N to S, off Cape Mondego, across the Estremadura Spur, through the
Cascais Canyon, and off Cape Sines.

CTD profiling and water sampling was carried out to investigate the hydrographic
characteristics of the water column, in particular the distribution and dynamics of surface
water chlorophyll, intermediate and bottom water turbid layers and deep water nutrients. A
warm surface water layer of 20-30 m thick, underlain by a steep seasonal thermocline, was
present in the most oceanward stations of the transects. Progressive cooling and thinning out
of the surface layer toward the coast was indicative of upwelling conditions. Two midwater
maxima in temperature and salinity observed in the Sines transect indicated the presence of
two veins of Mediterranean Water. The distinction between the two veins seemed to be
obliterated toward the more northerly transects. Turbidity in the upper part of the water
column was predominantly related to the presence of phytoplankton. Maximum chlorophyl|
concentration, as measured by fluorometry, occurred around 60-70 m depth in the most
oceanward stations and progressively shallower to less than 20 m near the coast. Below the
biologically productive surface layer, enhanced turbidity was observed in bottom water layers
on the shelf and upper slope, indicating sediment resuspension from the seabed. Very turbid
waters were found in the upper Nazaré Canyon. On the open shelf and slope the most turbid
bottom waters were encountered on the shelf off Cascais, probably related to outflow from
the Tgjo river. The clearest water was found on the slope in the Mondego transect. Y oyo
CTD experiments carried out in the middle and upper Nazaré Canyon demonstrated semi-
diurnal fluctuations in the depth of isotherms on the order of 100 m. Turbidity of the bottom
water appeared also variable over the semi-diurnal tidal cycle, especialy in the upper canyon
where visibility in the water was often reduced to less than 1 m. In the surface water, semi-
diurnal fluctuationsin the depth of the chlorophyll maximum were observed.

For a study of bio-optical characteristics of surface water phytoplankton communities
carried out in the context of satellite observation of phytoplankton distribution, surface water
samples were collected with the CTD-Rosette system and from the ship’s Aquaflow system,
whilst a continuous record of surface water temperature, salinity, turbidity and fluorometry
was recorded with the ship’s Aquaflow system.

Near-bottom current dynamics in relation to temporal variation of temperature and
salinity, turbidity, and vertical sediment flux were recorded with BOBO benthic landers.
During a deployment at 3120 m depth in the middle Nazaré Canyon, lasting since May 2005,
moderate to strong tidal currents with average speed of 17.3 cm s* and spring tide peaks of
over 45 cm s were measured. Resuspension of sediment from the seabed occurred when
current speed exceeded about 30 cm s, On three occasions a sudden increase in turbidity
was recorded, probably representing sediment gravity flows. During a 1-week deployment at
1070 m depth in the Lisbon Canyon moderate tidal currents with average speed of 8.7 cm s™



and peaks exceeding 30 cm st were measured. Resuspension occurred when current speed
exceeded 20 cm s™.

Seabed video and photo surveys were carried out at 7 selected sites to provide
information about the nature of the seabed and distribution of fauna. At 130-147 m depth on
Pico Gongalves Zarco on the outer Estremadura shelf, rocky seabed with abundant comatulid
crinoids, soft corals and sponges was encountered. At 407-276 m depth on the upper
Estremadura slope the camera showed gently sloping seabed covered with gravely sand, and
with numerous large siliceous sponges. Two camera deployments at 285 m in the upper
Nazaré Canyon failed in their primary objective of locating equipment lost during a cruise
earlier that year, but demonstrated the very high turbidity in the bottom water in the upper
canyon. The seabed was draped with soft mud that was easily resuspended. The only
macrofauna seen during the survey were abundant swimming crabs. At 4674-4661 m depth in
the lower Nazaré Canyon the canyon bed appeared covered with crescent-shaped current
ripples, locally with pebbles and rounded boulders. Large angular blocks and outcrops of
sedimentary rock draped with athin layer of recent sediment were seen upslope on the eroded
canyon wall. A survey at 886-734 m in the Cascais Canyon aiming at a steep escarpment
ended where the camera got stuck in a chaotic pile of angular rocks at the foot of the
escarpment. At 162-148 m depth on the shelf east of the Lisbon Canyon a predominantly
sandy seabed with occasional rocky patches was encountered, densely covered with
comatulid crinoids and occasional large holothurians and echiuran worms.

.Surface sediment cores were collected for analysis of sedimentological (structure,
particle size, mineralogy, coccoliths), geochemical (**°Pb, heavy metals, total and organic C
and N, organic pollutants) and biological (organic compounds, microbiota, benthic
foraminifera, meiofauna, macrofauna) characteristics. Cores from open slope transects
usually consisted of yellowish gray to gray hemipelagic silty clays with well-developed
oxidised surface layer. Pteropod shells and living arborescent foraminifera were commonly
found on the surface. Coring often failed on steep upper slope areas, probably due to presence
of rocks at the surface. Cores from the shelf ranged from silty clay to coarse sand, composed
of a variable mixture of lithoclastic and bioclastic material. Cores from the canyons almost
invariably consisted of soft olive gray silty clay with reduced dark gray to black sediment
present below a thin oxidised surface layer. Hemipelagic silty clay was recovered from the
lower end of Cascais Canyon. Pistoncores were collected to study sediment deposition in the
canyons on centennial-millennial timescale. Pistoncores from the Lisbon and Cascais Canyon
contained silty clay with sandy intercal ations indicating sediment mass transport. A core from
the S&o Pedro Canyon appeared to consist of hemipelagic silty clay.

Detailed bathymetry and subbottom acoustic profiles were acquired from each of the
transects using multibeam echosounder in combination with 3.5 kHz penetrating
echosounder.
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2. Introduction

2.1 Project background

Among the manifold expressions of human impact on the global environment, enrichment
of the air, waters, soils and sediments and biota with a diversity of metal species is one of the
most evident and least ambiguous to quantify. Particularly well-studied is the atmospheric
dispersal of anthropogenic lead, of which the initiation with bronze-age ore melting and
culmination in the widespread application of leaded gasoline in recent history has been
detected in natural archives such as peat bogs and polar ice (Weiss et a., 1999).
Anthropogenic lead is introduced in the marine environment as atmospheric fallout from
aerosols or dust and smoke, but also via continental runoff. Further dispersal in the marine
environment is partly biologically driven via introduction in the marine food web, but more
importantly is determined by passive dispersal after attachment to suspended particulate
material. High concentrations of lead and other anthropogenic metals are found in estuaries
and on the shelf in the vicinity of river mouths in industrialized coastal areas, but dispersal by
shelf currents and mixing with unpolluted pre-industrial sediments leads to rapidly decreasing
concentrations in offshore direction.

A notable exception to the offshore dilution of anthropogenic substances may be found in
submarine canyons. These deep incisions of the continental shelf and slope, of which alarge
number is present along the European continental margins, interact with shelf and slope
currents and tides creating favourable conditions for enhanced biological productivity as well
as for accumulation of particulate matter intercepted from the adjacent shelf. As a result,
canyons constitute preferred sites of sediment deposition on the continental margin as well as
biological hotspots supporting large and diverse stocks of benthic and pelagic fauna (e.g.
Quinault Canyon, Carson et al., 1986; Gulf of Lyons canyons, Monaco et a., 1990; Norfolk
Canyon, Anderson et al., 1994; Whittard Canyon, Balzer et al., 1998; Cap Ferret Canyon,
Monaco et al., 1999). Due to the focusing effect of canyons, anthropogenic substances may
reach relatively high concentrations in canyons relative to surrounding slope areas (Grousset
et a., 1995; Buscail et al., 1997). Avalanching of the accumulated sediments may
episodically mobilise sediment and associated anthropogenic substances and carry it further
to the abyssal plains, affecting benthic ecosystems over awide area.

Cruise 64PE252 of RV Pelagia had the objective to collect material for a study on
dispersal of anthropogenic lead through submarine canyons of the Portuguese continenta
margin, as part of the project “Lead in Canyons’ funded by the Netherlands Organisation for
Scientific Research (NWO). Previous studies in the area by Schmidt et a. (2001) and van
Weering et al. (2002) and results obtained within the framework of the European projects
EUROSTRATFORM and HERMES point to active sediment transport occurring in the
Nazaré and Lisbon-Setibal Canyon systems. This, together with the presence of the Tejo
(Tagus) river as amajor source of terrestrial material, and the vicinity of a densely popul ated
and industrialised region, constitute our motivation to focus our study on these canyon
systems. Although the canyon systems are not located far apart, being comprised within a
small section of the Portuguese Atlantic margin between 38°N and 40°N (Fig. 1), they
represent potentially contrasting situations with respect to input of terrestrial matter. Whilst
the Lisbon-Setibal Canyon seems to be fed by the Tejo river, the Nazaré Canyon has no
connection to a continental drainage system. The smaller Cascais Canyon which is present in
the same section of the Portuguese margin, differs from the two other canyons by the position
of its head near the shelf break. It seems to represent a ‘dormant’ stage of canyon evolution,
representative for the majority of submarine canyons along the European margin that were
mainly active during glacial sealevel lowstands.



In addition to the investigation of anthropogenic lead dispersal, the cruise had as
secondary objective to investigate various aspects of oceanography, geology, geochemistry
and biology of the canyons and adjacent continental margin. This work was carried out as
part of the European project HERMES (Hotspot Ecosystem Research on the Margins of
European Seas, 2005-2009), which has the objective of investigating biodiversity
characteristics of submarine canyons, deep-water coral reefs and other “hotspot” ecosystems
along the European Atlantic and Mediterranean ocean margins and to establish their relation
to forcing environmental factors. Open slope environments will also be investigated as a
reference to the presumed biological hotspots. The overall HERMES objective is to provide
the scientific context for sustainable management and exploitation of marine resources of the
European continental margins.

2.2 Study area

The Portuguese Atlantic margin is characterised by a relatively narrow shelf and steep
irregular slope, dissected by deep canyons. Structural trends of the margin are determined by
fault systems present in the Hercynian basement, by Mesozoic extensional tectonics related to
the opening of the North Atlantic, and by Cenozoic compression resulting from the collision
of the European and African plates (e.g. Vanney and Mougenot, 1981). The present

Figure 1. The Iberian peninsula with major rivers and bathymetry of the continental margins
and ocean basins. Rectangle marks the area investigated during cruise 64PE252, see Figure
2 for details. Nazaré, Cascais and Lisbon-Settbal Canyonsindicated with N, C, and L-S.



morphology of the margin was basicaly established since the Miocene, when major
subsidence occurred and prograding sedimentary series were deposited on the shelf and slope
(e.g. Alves et a., 2003). The latter were subsequently incised by canyons, which channelled
large volumes of sediment toward submarine fans at the base of the slope. Terrigenous
sediment supply to the Portuguese margin is predominantly from the rivers Tejo, Douro and
Minho, with minor contribution from a number of smaller rivers. Extensive dam construction
in the rivers during the past few decades has dramatically decreased the sediment load
delivered by the rivers (Dias et a., 2002). The coarser fractions of detritic sediments are
deposited close to the coast and spread along shore by the littoral drift. Fine-grained sediment
is dispersed farther outward on the shelf under influence of waves and shelf currents. The
most significant sediment transport occurs in winter when the area is exposed to strong
southwesterly storms, bringing high waves and swell onto the shelf (Vitorino et al., 20023, b).
Muddy sediment deposits on the shelf are predominantly found off major river mouths and in
tectonic depressions. Dispersal of terrigenous sediments toward the deeper part of the
continental margin appears limited by the strong northward slope currents, notably the flow
of Mediterranean Water present on the upper continental slope (Van Weering et a., 2002).
Where submarine canyons intersect the margin, however, the streams of sediment transported
along the shelf and slope may be intercepted and rerouted down the continental slope.

The continental margin between 37°50'N and 40°10'N is deeply incised by the Nazaré,
Cascais and Lisbon-Setubal Canyons, resulting in almost complete disconnection of shelf and
slope sections located north, in between and south of the canyons. From N to S, the following
features can be recognised in the study area: The Mondego shelf and slope, the Nazaré
Canyon, the Estremadura shelf and slope, the Cascais and Lisbon-Setibal Canyons, and the
Sines shelf and slope. Activities during the cruise were focused on sampling bathymetric
transects on each of the three shelf and slope areas and in the Cascais Canyon.

The shelf between Cape Mondego and Nazaré Canyon has a maximum width of about 60
km and islargely covered by sandy and muddy sediment with local rock outcrops. The Douro
and Mondego rivers are the most important sources of terrigenous sediment. The continental
slope leading down into the Iberia Abyssal Plain is relatively gentle, with exception of the
steep middle slope between about 2000 and 3500 m. A dendritic suite of gulliesincised in the
upper slope merge downslope into the Sdo Pedro Canyon, which runs for over 100 km
parallel to the Nazaré Canyon down to the abyssal plain.

The Nazaré Canyon has an axial length of more than 200 km and depth of up to 2000 m
below the adjacent continental slope. Its morphological characteristics have been described
by Vanney and Mougenot (1990). The large size of the canyon is remarkable considering the
absence of a mgjor riverine sediment source on the adjacent coast. From its head, indenting
the coastline at the village of Nazaré, down to about 2700 m depth, the V-shaped upper
canyon descends along a sinuous course roughly in WSW direction. The middle part of the
canyon, between 2700 and 4000 m, is less sharply incised, and follows a meandering course
to the W. Below 4000 m the lower part of the canyon consists of a broad flat-floored valley
that very gently descends in W to NW direction to about 5000 m depth where the canyon
opens to the abyssal plain. The lower canyon valley is bounded to the south by a structural
ridge and to the north by alevee of hundreds of metres high that gradually decreasesin height
toward the abyssal plain.

South of the Nazaré Canyon, the Estremadura Spur extends from the westernmost part of
the Portuguese mainland into the ocean, separating the Iberia and Tagus Abyssal Plains. The
Estremadura shelf is about 70 km wide at its largest extension. Rocks and coarse sandy and
gravely sediment cover most of the shelf area, but muddy sediments prevail on its
southeastern part where the Tejo river, one of the largest rivers of the Iberian peninsula,
debouches. The Estremadura Spur slopes gently to the West, but has steep and irregular
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slopesto N and S, incised by numerous deep valleys, some of which act as tributaries to the
Nazaré and Cascais Canyons.

The Cascais Canyon has a length of only about 80 km from head to mouth, but it has the
steepest downcanyon gradient of the canyons in the study area. From the head, indenting the
shelf edge SW of the Tejo river mouth, the canyon descends first to SW and then swingsto a
more westerly direction. It is separated from the Lisbon-Setibal Canyon by the Albuquerque
Plateau. The Lisbon-Settbal Canyon has two branches that merge at approximately 2000 m
depth. The Lisbon branch, commonly known as Lisbon Canyon, lies deeply entrenched in the
shelf located off the Tegjo river mouth. It is about 35 km long and descends in southerly
direction. The upper Setubal Canyon is incised in the shelf adjacent to the Sado river mouth.
It is about 45 km long from the head to the junction with the Lisbon Canyon, and descendsin
westerly direction. From the junction point onward the canyon continues in WSW direction
for more than 100 km to the edge of the Tagus Abyssal Plain at about 4800 m depth. The
canyon thalweg lies locally as much as 2000 m below the adjacent seabed. Over most of its
length the canyon has a steep V-shaped cross section and is conspicuously sinuous.

The shelf between the Setibal Canyon and Cape Sines has a maximum width of 25 km
and is largely covered by sandy sediment and local rock outcrops. It passes gradually into the
gently dipping slope, which leads down to the Tagus Abyssal Plain. Steep slopes are only
found at the intersection with the Settbal Canyon.
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3. Cruise 64PE252

Cruise 64PE252 with RV Pelagia was conducted by the Royal Netherlands Institute for
Sea Research (Royal NIOZ), Texel, in cooperation with participants from Instituto
Hidrogréfico (IH), Lisbon, Polytechnic University of Marche, Ancona, University of Aveiro,
Instituto Superior Técnico (I1ST), Lisbon, and University of Lisbon, see Appendix 1 for list of
participants. The primary objective of the cruise was to collect data and samples for
investigating the dispersal of anthropogenic lead through submarine canyons of the
Portuguese continental margin, as part of the project “Lead in Canyons’ funded by the
Netherlands Organisation for Scientific Research (NWO). The second objective of the cruise
was to investigate various aspects of oceanography, geology, geochemistry and biology of the
canyons and adjacent continental margin, as a contribution to the European 6th framework
integrated program HERMES (Hotspot Ecosystem Research on the Margins of European
Seas).

Cruise 64PE252 started on 30 August 2006 at Cascais, where participants of the scientific
party were ferried to RV Pelagia with help of alocal ship. Early the next morning RV Pelagia
arrived at the first station off Cape Mondego. During the subsequent three weeks, cruise
activities were focussed on four transects running approximately at a right angle to the
coastline from about 50 m down to 5000 m water depth (Fig. 2), from N to Srespectively: the
transect off Cape Mondego, 31 August to 3 September; the transect across the Estremadura
Spur, 3 to 6 September; the transect through the Cascais Canyon, 16 to 20 September; and the
transect off Cape Sines, 14 to 16 September. Along each of the transects, CTD profiling and
water sampling was carried out to investigate the hydrographic characteristics of the water
column, in particular the distribution and dynamics of turbid water layers. Surface water
phytoplankton was collected for ground-truthing of satellite ocean colour observations.
Sediment cores were collected for sedimentological, geochemical and biological studies.
Detailed bathymetric mapping of the sampling transects was carried out with multibeam
echosounder. Various activities at stations in the Nazaré and Lisbon-Settbal Canyons were
mainly carried out from 7 to 14 September. These included four CTD yoyo experiments
carried out to determine short-term variability in water column structure, deployment of two
BOBO benthic landers for recording near-bottom current dynamics in relation to horizontal
and vertical particle fluxes, seabed video and photo surveys to provide information on
depositional processes and megafauna distribution, and collection of three pistoncores to
study sedimentation history of the canyons on centennial-millennial timescale. In the
afternoon of 20 September, after completing the Cascais transect and carrying out a shallow
video station off Cape Espichel, RV Pelagia set course to the port of Lisbon, where it moored
off in the early evening.

During the cruise atotal of 188 casts with water- or sediment sampling instruments were
made to depths of 1400 m on average, more than 4 km length of seafloor was surveyed with
underwater camera, 2 deployments were successfully made with the BOBO landers, hundreds
of km of multibeam bathymetry and acoustic profile were recorded, and surface water
samples and data were collected along several hundred km of transect. The very satisfying
guantitative result can be attributed to good functioning of technical equipment on board,
good cooperation between the crew of RV Pelagia and the scientific party, and the overall fair
weather conditions.
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Figure 2. Overview of the study area with position of stations and survey lines.
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4. Description of activitiesand preliminary results

4.1 CTD profiling, SPM and nutrients
Henko de Stigter, Carla Garcia and Joana Beja

A CTD/Rosette system was employed for profiling of temperature, salinity, turbidity and
fluorescence in the water column, and for collection of water samples for analysis of
suspended particulate matter and nutrients. Station data are listed in Appendix 2. The system
was equipped with an SBE-9+ underwater unit, SBE-4 conductivity sensor, SBE-3
temperature sensor, SeaTech transmissometer, Chelsea fluorometer, SeaPoint optical back
scatter/turbidity sensor and a Rosette sampler with a NIOZ-made multivalve bottle controller
and 22 Noex bottles of 10 litre each. As a quick check on reliability of Rosette water samples,
the temperature of the water samples was measured immediately upon retrieval on deck with
an infrared thermometer, and compared with the temperature recorded at depth by the CTD.
In addition small volume subsamples of Rosette samples were collected and stored at 4°C for
later analysis of dissolved silica on land; the silica concentrations alow a further control on
sample quality.

In each of the four transects, a warm surface water layer of 20-30 m thick, underlain by a
steep seasonal thermacline, was observed in the most oceanward stations. Toward the coast a
progressive cooling and shallowing of the surface water layer and seasonal thermocline was
observed (Fig. 3), indicative of coastal upwelling forced by the persistent northerly wind that
was blowing during the time of the cruise. Below the seasonal thermocline, steep gradientsin
temperature and salinity mark the boundaries between North East Atlantic Central Water
(NEACW) and Mediterranean Water (MW) at about 500 m, and between Mediterranean
Water and North East Atlantic Deep Water (NEADW) around 1500 m depth. Lower Deep
Water (LDW) was observed below approximately 4000 m depth. In the Sines transect two
midwater maxima in temperature and salinity indicate the presence of two veins of
Mediterranean Water. The distinction between the two veins seems to be obliterated toward
the more northerly transects, asillustrated in the T-S plot in Figure 4.

Figure 3. Temperature and chlorophyll concentration (as measured by fluorometer) in the
upper 200 m of the water column along the Mondego transect. Shallowing of isotherms and
chlorophyll maximum toward the coast indicates upwel ling.
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Figure 4. Potential temperature-salinity diagram constructed from CTD measurements along
the four main transects. @-S values for Mediterranean Water (MW) at Gibraltar, and North
East Atlantic Deep Water (NEADW) and Lower Deep Water (LDW) at the western Iberian
margin according to van Aken (2000).

Turbidity and fluorometry in the upper part of the water column showed parallel trends,
indicating that surface water turbidity was predominantly related to the presence of
phytoplankton. Chlorophyll concentration, as measured by fluorometry, usually displayed a
distinct maximum around 60-70 m depth in the most oceanward stations and progressively
shallower to less than 20 m near the coast (Fig. 3). Below the biologically productive surface
water layer, enhanced turbidity was observed in bottom water layers on the shelf and upper
slope, where it was caused by resuspension of sediment from the seabed. Very turbid waters
were found in the upper Nazaré Canyon. On the open shelf and slope the most turbid bottom
waters were encountered on the shelf off Cascais, probably related to outflow from the Tejo
river. The clearest water was found on the slope in the Mondego transect.
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Yoyo CTD experiments were carried out on four different locations in the middle and
upper Nazaré Canyon to demonstrate temporal fluctuations in water column structure under
influence of internal tides. A yoyo cast at 315 m in the upper canyon had the additional
objective of determining a time-window with maximum visibility in the bottom water. This
information was needed for an attempt to employ the underwater video for searching for a
CTD system lost earlier during the year by the Instituto Hidrogréfico. In both the middle and
upper Nazaré Canyon, isotherms in the lower part of the water column showed depth
fluctuations on the order of 100 m over a semi-diurnal tidal cycle. The amplitude of the
vertical motions diminished toward the surface. Bottom water turbidity was variable over the
tidal cycle, especially in the upper canyon (Fig. 5).

Figure 5. Temporal variation in turbidity (optical backscatter, ftu) observed during a 14-h
yoyo experiment on Sation 42 in the upper Nazaré Canyon. Vertical zig-zag line indicates
depth of the CTD over time. Bold horizontal line represents seabed.

SPM sampling

Suspended particulate matter (SPM) was collected from a selection of Rosette water
samples (see Appendix 3) for determining the concentration and composition of suspended
matter at different levels in the water column, and to allow conversion of water column
turbidity measurements into SPM concentrations. Bottom and intermediate nepheloid layers
were sampled, as well as clear water levels and surface water from 5 m depth. From each
Rosette water sample, two 5-liter subsamples were drawn off. The subsamples were filtered
on board through pre-weighed Poretics 0.4 um polycarbonate filters, applying underpressure
with a vacuum pump. After filtration, salt water was removed by passing about 10 ml of
milli-Q water through the filters, after which the filters were stored in plastic petridishes and
dried at ambient temperature for further analysis on land.
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4.2 Surface water chlorophyll
Sérgio Muacho

Objectives
- Evaluate the performance of chlorophyll concentration agorithms used by the ocean
colour sensors (like SeaWiFS, MODIS or MERIS) on board of satellites.
Detection of algal blooms.
Observation of internal wave activity (by the CTD data from temperature, density and
salinity) and possible relation with chlorophyll.

To evaluate the performance of ocean colour algorithms used for determination of
chlorophyll concentration, 5-litre water samples were collected with the CTD/Rosette system
at 5 metres depth in 46 stations (Table 1, Appendix 2, 3). Surface water samples were also
collected from the ship’s Aquaflow system (4 metres depth) at regular intervals along the
transects (Figure 6, Appendix 4).

Figure 6. Aquaflow samples (+) and CTD stations (0) sampled for chlorophyill.
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Table 1. CTD stations sampled for chlorophyll analysis.

Transect Stations 64PE252- Date

Mondego 1-12 31-Aug and 01-Sep
Estremadura Spur 13-24 04-Sep and 05-Sep
Nazaré Canyon yoyo 41 10-Sep and 11-Sep
Sines 50-59 10-Sep and 11-Sep
Cascais Canyon 30-32, 35, 36, 60, 63-65 19-Sep and 20-Sep

Whereas most of the days between 31 August and 20 September were sunny, the
mornings were very cloudy and foggy. Since water vapour in the atmosphere seriously affects
the algorithms used by ocean colour sensors, which use the information of two, three or four
channelsin the visible region of the electromagnetic field, it is not certain if the surface water
data can be compared with satellite data for all the days.

For assessment of algal blooms, 5-litre water samples were also collected with the
CTD/Rosette from the chlorophyll maximum and below the thermocline. Pigment analysis
will be carried out at the Oceanographic Institute in Lisbon using the HPLC method.

For observation of internal wave activity, two yoyo CTD experiments of 13 hours (more
than one tidal cycle) were carried in the upper part of the Nazaré Canyon. In one of the yoyo
experiments, water samples were collected at regular time intervals from the chlorophyll
maximum, whereas surface water was sampled simultaneousy from the Aquaflow system.
The yoyo experiment demonstrated that the depth of the chlorophyll maximum varied over
time as aresult of internal wave activity (Fig. 7).

Fig. 7. Fluctuating depth of isotherms and chlorophyll maximum under influence of the
internal tide, observed during a 14-h yoyo experiment on station 42, upper Nazaré Canyon.
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4.3 Deep water nutrients
Joana Beja

One of the research topics investigated by the Portuguese Hydrographic Institute within
the framework of the HERMES project is the availability of nutrients throughout the water
column. What factors control the dynamics, availability and distribution of nutrients in the
water column? Data collected during previous cruises seem to indicate that nutrient-rich
deeper water masses are transported up-canyon due to upwelling events, making nutrients
available for phytoplankton communities in shallower waters.

Whereas data have been collected already in the shallower part of the Nazaré Canyon
area, there is a general lack of data from the deeper part of the canyon. During the present
cruise a number of deegp CTD stations of > 4000 m have been carried out in the Nazaré
Canyon area and other parts of the Portuguese margin, offering an opportunity to collect
samples from these deeper levels.

Approximately 200 nutrient samples were collected during the cruise at regular 500-m
depth intervals from the bottom up to 1000 m, on the Mondego, Estremadura Spur, and Sines
transects (Appendix 3). Samples for chlorophyll analysis were collected on all CTD stations
at 5 m below the surface, at the chlorophyll maximum and below the thermocline. Nutrient
samples were frozen at -20°C to prevent sample degradation. These samples will be
transported to the IH facilities in Lisbon and will be analyzed within approximately two
moths after the end of the cruise.

4.4 Numerical modelling
CarlaGarcia

CTD data will be used to calibrate numerical models of hydrodynamics and sediment
transport in submarine canyons. The numerical model MOHID (http:\\www.mohid.com),
developed by the IST team from Lisbon, Portugal, has been used since 2002 to study
hydrodynamics, resuspension processes and sediment transport of the Nazaré and Setubal
Canyon area. Previous results indicate a good correlation between model and CTD results,
and indicate that tidal currents and internal waves play an important role in the resuspension
and transport in submarine canyons.

4.5 Near -bottom hydr odynamics and sediment flux
Henko de Stigter

Two BOBO (BOttom Boundary) benthic landers (Van Weering et al., 2000) (Fig. 8) were
used for recording current dynamics in the near-bottom water layer, in combination with
temporal variation of temperature and salinity, turbidity, and vertical sediment flux. Each of
the landers was equipped with an RDI 1200 kHz ADCP, facing downward at 2 m above
bottom, SeaBird conductivity and temperature sensors at 3 m ab., two SeaPoint optical
backscatter sensors attached at 1 and 3 m a.b., and a PPS4/3 sediment trap with its opening at
4 m ab.. After deployment of the lander its position on the bottom was calculated from the
distances to the ship measured acoustically from three positions around the site of
deployment. Date and time of deployment and recovery of the BOBO landers are listed in
Appendix 5.

One lander was recovered from 3120 m depth in the Nazaré Canyon (64PE252-39) where
it had been deployed in May 2005 during RV Pelagia cruise 64PE236 (Station 64PE236-14).
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Figure 8. Deployment of the BOBO lander. Sediment trap, downward looking ADCP and
OBSsensor at 1 m.a.b. areindicated by arrows. Photo: Henko de Stigter.

The ADCP record showed moderate to strong currents with average speed of 17.3 9.7cms
! and spring tide peaks of over 45 cm s™, and with a clear semidiurnal alternation in current
direction between up- and downcanyon (Fig. 9). The net water displacement was 4.6 cms™in
downcanyon direction. Temperature and salinity were on average 2.7 0.1°Cand 349 0.2,
respectively, with semi-diurnal fluctuations of up to 0.4°C and 0.1. Sharp peaks in turbidity
indicating resuspension of sediment from the seabed occurred when current speed exceeded
about 30 cm s™. Sudden increases in turbidity apparently unrelated to tidal variation in
current speed occurred on 28 September 2005, 14 November 2005 and 14 January 2006 (Fig.
10). Following the abrupt rise, turbidity gradually decreased to normal levels in about two
weeks time. These events probably represent sediment gravity flows passing along the lander
site.

After servicing, the lander was deployed again at 4402 m depth in the lower Setubal
Canyon (64PE252-62) with the objective of collecting a long-term time record of
hydrodynamics and sediment transport.
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Figure 9. 7-Days of current speed and turbidity (acoustic backscatter) at 1 m.a.b., recorded
by the BOBO benthic lander at 3120 m depth in the Nazaré Canyon (Sation 39).

Figure 10. A sudden rise in turbidity (acoustic backscatter) recorded by the BOBO benthic
lander on 28 September 2005 at 3120 m depth in the Nazaré Canyon (Station 39), marks the
passage of a sediment gravity flow through the middle canyon.

Figure 11. 7 Days of current speed and turbidity (acoustic backscatter) at 1 m.a.b., recorded
by the BOBO benthic lander at 1070 m depth in the Lisbon Canyon (Sation 34).
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A second lander was deployed for 11 days at 1070 m depth in the Lisbon Canyon
(64PE252-34). It recorded moderate currents with average speed of 8.7 5.5 cm s and
peaks exceeding 30 cm s?, and with direction alternating semidiurnally up- and downcanyon
(Fig. 11). Net water displacement was about 3.9 cm s™ in upcanyon direction. Temperature
was on average 11.2 0.1°C and salinity 36.2 0.1, with semidiurnal fluctuations on the
order of 0.4°C and 0.2, respectively. Sharp peaks in turbidity indicating resuspension of
sediment from the seabed occurred when current speed exceeded 20 cm s™.

4.6 Seabed video surveys
Henko de Stigter

Seabed video surveys were carried out at selected sites to provide background
information for seabed sampling, and in areas with steep and rocky seabed that were
inaccessible for conventional sampling. In addition, an attempt was made to use the camera
system for searching a CTD lost by the Portuguese Instituto Hidrogréfico. The camera system
consisted of arobust stedl frame in which a Sony Digital Handycam 360X video camera and
a PhotoSea 5000 deep water photo camera were mounted, together with batteries, lights and
atimeter (Fig. 12). The photo camera was not used on this cruise. While the ship was
manoeuvred at a speed of about 0.5 nm h™* along the survey line, the frame was kept at a
fairly constant height of 1-2 m above the seabed using the signal from the altimeter and low-
resol ution video frames sent via the cable to the ship.

Figure 12. The underwater camera
system. Photo: Henko de Stigter.
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A total of 7 deployments were carried out at depths varying from 130 to 4674 m, see
Appendix 6.

A test survey at 130-147 m depth on Pico Gongalves Zarco (Station 64PE252-20), a
submerged mount of possible volcanic origin on the outer Estremadura shelf, showed a rocky
seabed with abundant comatulid crinoids, soft corals and sponges (Fig. 13). Further offshore
on the upper Estremadura slope (Station 64PE252-28), a survey was made from 407 to 276 m
depth up a slope that supposedly had its origin in an underlying rotational fault. However, the
camera showed only a gentle slope covered with gravely sand, and with numerous large
siliceous sponges (Fig. 14).

Two camera deployments at 285 m in the upper Nazaré Canyon (Station 64PE252-42)
served to search lost equipment with the camera system. The first attempt was soon aborted
as the water in the canyon turned out to be so turbid that a dredge anchor attached only 1
metre below the camera frame could not be seen. After carrying out an overnight yoyo CTD
cast to determine a time window when the water would be less turbid, a second attempt was
made the next day. Visibility was better insofar that at |east the dredge anchor could be seen,
but after two hours surveying without sign of the lost equipment the camera was brought to
deck and the station was abandoned. The attempts provided visual confirmation of the high
turbidity in the upper canyon as observed with the CTD. The seabed, when visible, appeared
to be covered with a homogeneous drape of soft mud that was easily resuspended. The only
macrofauna seen during the survey were abundant swimming crabs (Fig. 15).

A survey from 4674 to 4661 m depth in the lower Nazaré Canyon (Station 64PE252-47)
was carried out to explore the possibility of pistoncoring sedimentary strata exposed by
erosion in an outer bend of the canyon. The survey started in the canyon thalweg, showing
large areas with crescent-shaped current ripples (Fig. 16). Occasionally rounded boulders of
what appeared marly rock were seen. Slightly upslope on the eroded canyon wall there
appeared large angular blocks and solid outcrops of light-coloured sedimentary rock, draped
with athin layer of recent sediment.

A survey from 886-734 m in the Cascais Canyon (Station 64PE252-36) was made to
inspect what appeared as a semicircular escarpment in the multibeam map. Approaching the
escarpment from below, gently sloping seabed covered with soft mud abruptly ended at a
chaotic pile of angular rocks lying at the foot of the escarpment (Fig. 17). Only minutes later
the camera frame got stuck between the rocks and all effort was concentrated to free the
camerafrom its perilous position, leaving the actual escarpment largely unexplored.

The last survey was made at 162-148 m depth on the shelf immediately east of the Lisbon
Canyon (Station 64PE252-66). It showed a predominantly sandy seabed with occasional
rocky patches, all densely covered with comatulid crinoids and occasional large hol othurians.
Echiuran worms were seen at the edges of the rocky patches (Fig. 18).

4.7 Surface sediment char acteristics
Henko de Stigter, Thomas Richter and Antonio Badagola

Multicores and boxcores

Surface sediment cores for sedimentological, geochemical and biological analysis were
routinely collected along all four transects by means of a multiple corer. Additional sampling
for investigation of macrobenthos on selected canyon and slope sites was done with a
boxcorer. Station data are given in Appendix 7. The standard boxcorer developed by NIOZ is
equipped with a cylindrical coring barrel of 30 cm diameter and 55 cm length. Upon retrieval
alid closes off the top of the coring barrel, allowing recovery of relatively undisturbed cores
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Figure 13. Rocky seabed covered with crinoids, soft corals and anemones on the crest of Pico
Gongalves Zarco, 130-147 m (Station 64PE252-20). Depicted area isabout 1.5 x 1 m.

Figure 14. Gravely sand with large siliceous sponges on the upper sope of Estremadura
Sour, 276-407 m (Station 64PE252-28). Depicted area isabout 1.5 x 1 m.
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Figure 15. Svimming crabs dash off when the dredge anchor attached below the camera
frame drops in soft muddy seabed of the upper Nazaré Canyon, 285 m (Station 64PE252-42).

Figure 16. Rippled seabed with scattered sediment clasts at 4670 m depth in the thalweg of
the lower Nazaré Canyon (Station 64PE252-47).
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Figure 17. Angular rocks piled up at the foot of an escarpment in the Cascais Canyon, ~800
m (Station 64PE252-36).

Figure 18. Sandy seabed densely covered with comatulid crinoids on the shelf adjacent to
Lisbon Canyon, 162-148 m (Station 64PE252-66).
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complete with overlying water. The MUC 8+4 multiple corer developed by Oktopus GmbH
was equipped with an array of eight 6.0-cm diameter and four 10.0-cm diameter
polycarbonate coring tubes of 61 cm length. One of the 10-cm diameter polycarbonate tubes
was usualy replaced by a PVC tube of equal diameter, used for sedimentological analysis.
Multicores were distributed among the participants for sedimentology and *°Pb dating
(N1OZ), analysis of particle size, XRD mineralogy and coccoliths (IH), macrofauna analysis
(University of Aveiro), organic geochemistry, microbiology and meiofauna anaysis
(Polytechnic University of Marche, Ancona), and for investigation of living benthic
foraminiferal assemblages (to be carried out at the University of Angers). Subcores that were
not processed on board were stored at 4°C for later analysis.

Characteristics of surface sediments recovered in multi- and boxcores are summarised in
Appendix 8. Sampling on the open slope transects aimost invariably yielded cores consisting
of yellowish gray to gray hemipelagic silty clays with a well-developed oxidised layer.
Pteropod shells and living arborescent foraminifera were commonly found on the surface
(Fig. 19). Coring often failed on the steep upper sope of the Mondego and Estremadura Spur
transects, most likely due to the presence of older sedimentary rocks at the surface. On one
occasions a few cm of marly rock was recovered containing planktonic foraminifera of
Eocene age. Cores from the shelf ranged from silty clay to coarse sand, composed of a
variable mixture of lithoclastic and bioclastic material. Cores brought up from the canyons
almost invariably consisted of soft olive gray silty clay. Reduced dark gray to black sediment
was usually present below a thin oxidised surface layer, indicating a high flux of organic
matter. Burrowing holothurians were present in cores from the middle Nazaré Canyon, as
expected on the basis of coring results from previous cruises. The core from the lower end of
Cascais Canyon consisted of hemipelagic silty clay similar in appearance to sediments
recovered from the open slope.

Figure 19: Arborescent foraminifera on the surface of multicore 64PE252-26, collected from
1218 m depth on the Estremadura Spur. Specimen in centre of view is about 2 cm high.
Photo: Henko de Stigter.
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Pistoncores

To study sedimentation on longer time scales, 3 piston cores were retrieved from,
respectively, the Lisbon-, Cascais- and S8o Pedro Canyon. See Appendix 9 for station data.
The NIOZ pistoncorer, modified after the Kullenberg pistoncorer, consists of a steel coring
barrel of 6 or 12 m length with lead weight of about 1500 kg. The coring barrel had an 11-cm
diameter plastic liner, a teflon head with core catcher and adjustable piston regulating the
pressure inside the liner during coring. A trip weight of 100 kg with a smaller size coring
barrel was used to release the pistoncorer for afree fall at about 3 m above the bottom. Upon
retrieval on deck, pistoncores were cut in 110-cm sections, scanned for magnetic
susceptibility at 5 cm intervals using a Bartington MS2C magnetic susceptibility meter with
12-cm diameter loop, and stored at 5°C for later analysis.

As far as can be judged from the sediment exposed at the top and bottom ends of core
sections, core 64PE252-34pc from the upper Lisbon Canyon consists of dark olive gray silty
clay, with intercalations of medium sand. Relatively high magnetic susceptibility of 30-40
cps was measured in the upper 2.2 m of the core, but below that depth values drop to below
15 cps, and further down to even less than 10 cps (Fig. 20). Similar dark olive silty clay with
relatively high magnetic susceptibility of around 40 cps was also found in the upper 1 m of
core 64PE252-36pc from the upper Cascais Canyon. Further downcore stiff gray silty clay
with intercalations of black medium to coarse bio-lithoclastic sand smelling strongly of
hydrogen sulphide was found. Magnetic susceptibility values in the lower part of the core
were variable between 10 and 35 cps. The conspicuous change in lithology is suspected to
represent a hiatus related to the 1755 Lisbon earthquake. Core 64PE252-48 from the lower
part of the Sdo Pedro Canyon seemed to consist largely of gray hemipelagic silty clay.
M agnetic susceptibility shows arather irregular pattern with values varying from below 10 to
more than 25 cps. A number of conspicuous dips to low values are tentatively interpreted as
representing turbidite layers.

Figure 20. Downcore variation of magnetic susceptibility in piston cores 64PE252-34, -36
and 48, respectively from the Lisbon Canyon 1112 m, Cascais Canyon 953 m and S&o Pedro
Canyon 3942 m.
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4.8 Benthic boundary layer particles and anthropogenic tracers
Carla Garcia

The importance of pelagic aggregates, also known as marine snow, in the transport of
organic matter from the photic zone to the ocean floor has been widely reported and
discussed, particularly in the highly productive continental shelves. However, these
aggregates are reworked in the benthic boundary layer, disaggregating and reaggregating in
particles with a greater percentage of lithogenic material, known as organo-mineral
aggregates. These organo-mineral aggregates play a crucial role in transport of organic
material from the continental shelf to the deep ocean floor.

Organo-mineral aggregates were collected by carefully siphoning off material from the
sediment-water interface and overlying water of undisturbed multicores. Samples were stored
cool at 5°C. Organic carbon and nitrogen content of the aggregates, as well as anthropogenic
markers like PCBs and PAHSs, will be analysed at the International University of Bremen
(luB).

4.9 Sedimentary or ganic compounds, micr obiota and meiofauna
Gian Marco Luna and Daniela Zeppilli

Objectives:
- to investigate the diversity and abundance of benthic small-sized biota (viruses,

prokaryotes, protozoa and meiofauna) on the Portuguese margin
to assess the quantity and quality of sedimentary organic matter available to benthic
consumers
to identify relationships between biodiversity and ecosystem functioning on the
Portuguese margin
to test the hypothesis that canyons are hot-spots of benthic biodiversity

To achieve these aims, 26 stations were selected on the basis of existing bathymetric
maps and on real-time multibeam surveys. Stations are listed in Table 2. The stations were
located along five E-W directed transects, two of which in the Nazaré and Cascais Canyons,
and the other three on the adjacent open slope. This sampling strategy allowed to compare the
biology of these different settings. Each transect comprised 5 to 6 stations.

Sediment samples were collected using a multicorer, equipped with eight 6-cm and four
10-cm diameter transparent polycarbonate coring tubes. Immediately after collection,
sediment cores were transported to the cold container and processed at in situ temperature.
From all stations we collected samples for the following parameters: chloroplastic pigments,
total/soluble proteins, total/soluble carbohydrates, total lipids, sediment granulometry,
bacterial biodiversity (assessed using molecular methods, such as Fluorescent in situ
Hybridisation, Terminal—Restriction Fragment Length Polymorphisms and Automated
Ribosomal Intergenic Spacer Analysis), total/active bacterial abundance, total vira
abundance, vira production, viral lysogenic fraction, protozoan abundance, meiofaunal
abundance, community structure and diversity (by means of both classical and molecular
methods), organic matter degradation rates (measured as aminopeptidase, -glucosidase and
alkaline phosphatase enzymatic activities).
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Table 2. Sations sampled for microbiology and meiofauna analysis.

Station Transect Latitude Longitude Depth Sampling
64PE252- (m) Date

1 Mondego 40°10.01'N 010°59.99' W 4902 03-Sep

3 40°09.99'N 010°10.02’ W 3981 02-Sep
4 40°10.00'N 009°59.99' W 3475 02-Sep

6 40°10.01'N 009°56.00' W 1463 02-Sep

7 40°10.00'N 009°50.00' W 959 02-Sep

8 40°10.00'N 009°40.03' W 416 02-Sep
13 Estremadura 39°17.29'N 011°19.98' W 4847 04-Sep
14 39°13.74'N 010°59.00' W 4060 04-Sep
15 39°12.28'N 010°49.99' W 2828 04-Sep
16 39°10.60'N 010°39.97 W 2084 04-Sep
27 39°10.36'N 010°15.23' W 1034 06-Sep
30 Cascais Canyon 38°20.00'N 009°51.51'W 3914 07-Sep
31 38°18.69'N 009°42.15'W 2975 07-Sep
32 38°21.78'N 009°30.41'W 2100 07-Sep
35 38°29.61'N 009°28.73' W 445 08-Sep
36 38°27.91'N 009°28.49'W 1021 08-Sep
40 Nazaré Canyon 39°30.24'N 009°50.60'W 3231 10-Sep
43 39°35.81'N 009°24.23' W 897 11-Sep
44 39°36.81'N 009°11.42’W 485 11-Sep
49 39°35.60'N 010°20.00' W 4363 13-Sep
50 Sines 37°50.01'N 011°00.01°’'W 4987 14-Sep
51 37°50.01'N 010°30.00' W 3908 14-Sep
52 37°50.00'N 010°05.00' W 2908 15-Sep
54 37°50.00'N 009°45.00' W 2130 15-Sep
56 37°49.97'N 009°28.51'W 1002 16-Sep

60 Cascais Canyon 38°25.0I'N 010°05.00 W 4689 16-Sep

For measuring some of the above mentioned parameters, we carried out onboard
incubations. These included:
measurements of bacterial enzymatic activities (by means of enzymatic cleavage of
fluorogenic substrates and subsequent fluorometric determinations)
measurement of viral production rates (following incubation with virus-free, 0.02 pm-
filtered seawater)
quantification of the viral lysogenic fraction (after incubation with Mytomicin C)

All incubations were carried out at in situ temperature and in the dark. For all other
variables, the samples were fixed according to specific protocols and then stored at
appropriate temperatures until return to UNIVPM laboratories.

4,10 Benthic foraminifera
Henko de Stigter

For a study on geographical distribution and microhabitats of living benthic foraminifera,
to be carried out at the University of Angers, one multicore from each of the sampled stations
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was diced at 0.5-cm intervals from 0 to 2 cm depth, and 1-cm intervals from 2 to 10 cm
depth, and slices were stored in a solution of Rose Bengal in 96% ethanol until further
treatment in the laboratory.

4,11 Benthic macr ofauna
Dério Alves

For assessment of benthic biodiversity on the Portuguese margin, boxcores and
multicores collected from the Nazaré, Setibal and Cascais Canyons and adjacent open slopes
were sampled for macrofauna.

15 box cores of 30 cm diameter were collected from 6 stations with the NIOZ circular
boxcorer (Table 3). The upper 10-15 cm of the sediment were sampled in 4-5 sediment
layers, 0-1, 1-3, 3-5, 5-10 and 10-15 cm. However, in a number of sites only the upper 10 cm
were sampled. Each sediment layer as well as the overlying water was carefully washed
trough a 500um sieve, and the sieved materia was immediately fixed in 96% ethanol.

Table 3. Sation data for the sampled boxcores.

Station Transect Latitude Longitude Depth Date
64PE252- (m)

27bcl Estremadura 39°10.36'N 010°15.23' W 1030 06-Sep
27bc2 Estremadura 39°10.36'N 010°15.23' W 1030 06-Sep
36bc2 | Cascais Canyon 38°27.89'N 009°28.51'W 935 18-Sep
36bc3 | Cascais Canyon 38°27.86'N 009°28.49' W 1014 18-Sep
36bc4 | Cascais Canyon 38°27.90'N 009°28.50' W 1020 18-Sep
40bcl Nazaré Canyon 39°30.76'N 009°50.99' W 3097 10-Sep
40bc2 Nazaré Canyon 39°30.23'N 009°50.64' W 3329 10-Sep
43bcl Nazaré Canyon 39°35.80'N 009°24.25' W 897 11-Sep
43bc3 Nazaré Canyon 39°35.80'N 009°24.24'W 897 11-Sep
56bcl Sines 37°49.99'N 009°28.50' W 1001 16-Sep
56bc2 Sines 37°49.95'N 009°28.49' W 1001 16-Sep
56bc3 Sines 37°49.98'N 009°28.49' W 1001 16-Sep
61bcl Setibal Canyon 38°17.10'N 009°05.98' W 970 17-Sep
61bc2 Setibal Canyon 38°17.10'N 009°06.01' W 970 17-Sep
61bc3 | Setubal Canyon 38°17.10'N 009°06.00' W 970 17-Sep

In addition to the boxcores, 55 multicores of 10 cm diameter, collected from 14 different
stations with an Oktopus 4+8 multicorer (Table 4), were also sampled for macrofauna. From
each station 1 to 3 replicate multicores were sampled. Cores were generally of good quality,
having sufficient sediment and clean (not disturbed) overlying water. The upper 10 cm of the
sediment were sampled in four sediment layers, 0-1, 1-3, 3-5, 5-10 cm. When the sediment
>10 cm depth was not sieved, it was examined to locate any larger fauna i.e. holothurians,
bivalves. Each sediment layer as well as the overlying water was carefully washed trough a
500um sieve and the sieved material was fixed immediately in 96% ethanol. Samples that
could not be processed immediately upon retrieval were stored in a cold room (approx. 10-
14€C) for later processing.
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Table 4. Sation data for the sampled multicores.

Station Transect Latitude Longitude Depth Date nr. of
(m) cores
2mcl Mondego 40°10.02'N 010°29.99' W 4445 | 03-Sep 3
4mcl 40°10.00'N 009°59.99' W 3475 | 02-Sep 3
7mcl 40°10.00'N 009°50.00' W 959 02-Sep 3
7mc2 40°10.0'N 009°50.00' W 959 02-Sep 3
7mc3 40°10.0I'N 009°50.00' W 959 02-Sep 3
15mcl Estremadura 39°12.28'N 010°49.99' W 2828 | 04-Sep 3
25mcl ? 39°06.91'N 010°17.84'W 1013 | 06-Sep 3
25mc2 ? 39°07.11'N 010°19.50' W 1077 | 06-Sep 3
25mc3 ? 39°06.68'N 010°19.19'W 1095 | 06-Sep 3
26mcl 39°10.76'N 010°18.84'W 1218 | 06-Sep 3
27mcl 39°10.36'N 010°15.23' W 1034 | 06-Sep 3
31mcl |CascaisCanyon| 38°18.69'N 009°42.15 W 2957 | 07-Sep 1
36mcl 38°27.91'N 009°28.49' W 1021 | 08-Sep 3
40mcl | Nazaré Canyon | 39°30.24'N 009°50.60' W 3231 | 10-Sep 2
43mcl 39°35.81'N 009°24.23' W 897 11-Sep 3
43mc2 39°35.84'N 009°24.21'W 897 11-Sep 4
49mcl 39°35.60'N 010°20.00 W 4363 | 13-Sep 3
56mcl Sines 37°49.97'N 009°28.51'W 1002 | 16-Sep 3

One of the collected macrofauna specimensis depicted in Fig. 21.

Figure 21. Cymonomus granulatus. Photo: Dario Alves.
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4.12 Multibeam and 3.5 kHz echosounder surveying
Henko de Stigter and Anténio Badagola

The four main sampling transects, and areas around sampling targets located in the
canyons and on Estremadura Spur were surveyed using the EM300 multibeam echosounder
of RV Pelagia In most cases subbottom profiles were simultaneously recorded using the 3.5
kHz echosounder profiler. Speed during acoustic surveying was 6-7 nm h™. Tracklines are
shown in Fig. 2 and start and end positions listed in Appendix 10 and 11. The Kongsberg EM
300 multibeam echosounder installed on board RV Pelagia is a 30 kHz echosounder with a
one-degree opening angle for the transmitter and a two-degree angle for the receiver. It uses
135 beams with a maximum coverage sector of 150 degrees. The transmit fan is split into a
maximum of 9 individual sectors that can be steered independently to compensate for ships
roll, pitch and yaw to get a best fit of the insonificated line perpendicular to the ships track
and thus a uniform coverage of the sea bed. The transducers are mounted in a gondola
mounted at port side under the vessel, free from interference with bubble streams produced at
the bow of the ship. The motion of the vessel is registered by a Kongsberg MRU-5 motion
reference unit. Ships position and heading is determined with two GPS antennas. The motion
and position information is combined in a Seapath 200 ships attitude processing unit and sent
to the TRU. The system is synchronised by means of a 1 pulse per second (1PPS) signal
produced by the Seapath 200 which is sent to the TRU. The data from the receiver transducer
and the ships attitude are sent through an ethernet connection to the acquisition computer
(Kongsberg HWS 10). Data acquisition is done using the Kongsberg SIS (Seafloor
Information System) software. The sound velocity profile is calculated from salinity, pressure
and temperature data recorded regularly with the CTD system. In addition, sound velocity
near the transducers is measured by a Reson SVP 70 sound velocity probe mounted on the
gondola containing the transducers. Data can be processed on board using a second HWS 10
running Neptune (depth and position processing), Poseidon (backscatter mosaicing), Triton
(sea bed classification) (all Kongsberg software) and CFloor (processing and mapping,
CFloor AS, Odo).

Acoustic profiling was carried out with 3.5 kHz penetrating echosounder, using the ship’s
ORETech 3010 transceiver and hull mounted (12) transducer array. Recording was on a
Dowty dry paper recorder with a setting of 0.5 second (750 m) recording interval. Time and
position was added manually on the printed record.

The quality of the acquired multibeam bathymetric data was generally very good, with
little interference by bubbles or noise from the ship. An example of results from the Lisbon
Canyon is shown in Figure 22. Multibeam mapping and acoustic profiling could not resolve
the nature of alarge depression observed on the upper Estremadura slope (Fig. 23). Based on
a topographic terrain model of the central Portuguese margin compiled by the Instituto
Hidrogréfico the structure resembled a ump depression, but 3.5 kHz acoustic profiles laid
out parallel and across the depression did not show any faults in the upper tens of metres of
sediment. If aslump at all, it was concluded that it could not have been recently active.

Figure 22 (top next page): A sharp meander bend in the Lisbon Canyon, as mapped with the
EM300 multibeam echosounder of RV Pelagia. Depicted area is about 9.5 x 7 km. Depth
scale ranges from 136 m (red) to 1561 m (deep blue). Yellow triangle and circle indicate
position of, respectively, BOBO lander and piston core on station 64PE252-34.

Figure 23 (bottom next page): Multibeam map of a topographic depression on the upper
Estremadura slope, with postulated fault margins indicated with dashed line. Depicted area
is about 33 x 28 km. Depth scale ranges from 199 m (red) to 1915 m (deep blue).
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Station | Date | Time| Latitude Longitude |Depth| Depth recorded by CTD
64PE252 (UTC) (m) (m)
1 31-Aug| 13:49 | 40°10.00'N (010°59.99'W| 4902 4810
2 31-Aug| 21:54 | 40°10.00'N [010°30.00'W| 4445 4458
3 01-Sep | 04:07 | 40°10.01'N (010°09.99'W| 3981 4010
4 01-Sep | 08:22 | 40°10.02'N [010°00.00'W/| 3487 3516
5 01-Sep | 14:57 | 40°10.01'N |009°57.00'W| 1850 2142
6 01-Sep | 16:40 | 40°10.00'N [009°55.98'W/| 1459 1596
7 01-Sep | 18:14 | 40°10.00'N (009°49.98'W| 959 964
8 01-Sep | 19:50 | 40°10.02'N |009°40.00'W| 416 416
9 01-Sep | 21:45 | 40°09.99'N |009°30.00'W| 154 152
10 01-Sep | 23:12 | 40°09.99'N [009°20.01'W| 124 122
11 02-Sep | 00:52 | 40°10.00'N (009°10.00'W| 102 100
12 02-Sep | 02:28 | 40°10.02'N |009°00.00'W| 53 46
13 04-Sep | 01:13 | 39°17.29'N (011°20.04'W| 4847 4812
14 04-Sep | 09:34 | 39°13.95'N (010°59.97°W| 4170 4240
15 04-Sep | 16:08 | 39°12.29'N [010°50.00'W/| 2831 2854
16 04-Sep | 21:21 | 39°10.61'N [{010°39.99'W| 2084 2100
17 05-Sep | 01:52 | 39°08.89'N [{010°29.91'W| 1584 1600
18 05-Sep | 08:38 | 39°06.60'N |010°16.03'W| 803 878
18a | 05-Sep|06:27 | 39°17.28'N |010°15.99'W| 1206 1226
19 05-Sep | 09:30 | 39°06.28'N |010°13.99'W| 575 584
21 05-Sep | 15:33 | 39°03.95'N {010°00.00'W| 250 250
22 05-Sep | 17:40 | 39°02.28'N |009°49.99'W| 144 142
23 05-Sep | 19:14 | 39°00.60'N |009°40.00'W| 116 114
24 05-Sep | 20:41 | 38°58.86'N [009°29.25'W| 58 56
30 20-Sep | 01:05 | 38°20.01'N [{009°51.52'W| 3920 3982
31 20-Sep | 04:45 | 38°18.69'N [009°42.14'W/| 2957 2984
32 20-Sep | 07:29 | 38°21.81'N [{009°30.38'W| 2100 2110
33 07-Sep | 20:34 | 38°25.45'N (009°21.21'W| 1089 1148
34-1 | 08-Sep|15:40| 38°26.37'N (009°20.38'W| 1067 1042
34-2 | 17-Sep|12:27| 38°26.11'N (009°20.31'W| 1007 1040
34-3 | 19-Sep | 08:32| 38°26.35'N (009°20.27°'W| 1045 1112
35 20-Sep | 10:14 | 38°29.60'N [{009°28.69'W| 459 522
36 20-Sep | 09:21 | 38°27.90'N [009°28.50'W| 965 1074
37-1 | 09-Sep | 08:09 | 39°30.75'N [009°48.38'W| 2756 2780
37-2 | 09-Sep | 12:41 | 39°30.59'N (009°48.80'W| 2914 2930
37-3 | 09-Sep | 17:14 | 39°30.76'N [(009°48.39'W| 2756 2828
37-4 | 09-Sep | 21:48 | 39°30.75'N (009°48.38'W| 2750 2808
37-5 | 10-Sep | 02:37 | 39°30.75'N [009°48.39'W| 2786 2792
37-6 | 10-Sep | 07:30 | 39°30.76'N (009°48.40'W| 2786 2804
38-1 | 09-Sep|10:17 | 39°30.80'N [009°53.24'W| 3408 3290
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Station | Date | Time| Latitude Longitude |Depth| Depth recorded by CTD
64PE252 (UTC) (m) (m)
38-2 | 09-Sep | 14:59 | 39°30.77'N [009°53.52'W| 3548 3432
38-3 | 09-Sep |19:32| 39°30.75'N [009°53.60'W| 3414 3432
38-4 | 10-Sep | 00:11| 39°30.76'N [009°53.58' W| 3542 3430
38-5 | 10-Sep|04:58| 39°30.77'N (009°53.61'W| 3542 3544
41-1 | 10-Sep|20:34 | 39°36.71'N [009°17.51'W| 730 734
41-2 | 10-Sep|21:11| 39°36.70'N {009°17.49'W| 730 732
41-3 | 10-Sep | 21:53| 39°36.70'N [009°17.51'W| 726 732
41-4 | 10-Sep | 22:19| 39°36.69'N |009°17.50'W| 722 732
41-5 | 10-Sep|22:46| 39°36.72'N |009°17.51'W| 732 732
41-6 | 10-Sep|23:13| 39°36.72'N [009°17.48'W| 730 734
41-7 | 10-Sep | 23:51| 39°36.71'N [009°17.47'W| 730 732
41-8 | 11-Sep | 00:17 | 39°36.73'N [009°17.40'W| 726 726
41-9 | 11-Sep | 00:41| 39°36.69'N [009°17.49'W| 730 734
41-10 | 11-Sep | 01:06 | 39°36.72'N [009°17.48' W| 732 732
41-11 | 11-Sep | 01:49| 39°36.71'N |009°17.50'W| 716 738
41-12 | 11-Sep | 02:16 | 39°36.70'N |009°17.46'W| 706 734
41-13 | 11-Sep | 02:42 | 39°36.70'N [009°17.48' W| 712 736
41-14 | 11-Sep | 03:09 | 39°36.71'N |009°17.51'W| 724 736
41-15 | 11-Sep | 03:50 | 39°36.71'N |009°17.49'W| 718 736
41-16 | 11-Sep | 04:17 | 39°36.70'N |009°17.50'W| 714 736
41-17 | 11-Sep | 04:44| 39°36.71'N |009°17.48'W| 712 736
41-18 | 11-Sep | 05:12 | 39°36.70'N (009°17.49'W| 712 736
41-19 | 11-Sep | 05:59 | 39°36.71'N |009°17.49'W| 720 734
41-20 | 11-Sep | 06:27 | 39°36.70'N |009°17.49'W| 710 734
41-21 | 11-Sep | 06:54 | 39°36.70'N |009°17.51'W| 718 736
41-22 | 11-Sep | 07:21 | 39°36.70'N |009°17.49'W| 718 734
41-23 | 11-Sep | 08:08 | 39°36.70'N [009°17.51'W| 722 734
41-24 | 11-Sep | 08:37 | 39°36.70'N (009°17.49'W| 732 732
42-1 | 11-Sep | 19:13| 39°35.40'N (009°08.40'W| 293 318
42-2 | 11-Sep | 19:35| 39°35.40'N (009°08.40'W| 295 316
42-3 | 11-Sep | 20:05| 39°35.40'N |009°08.41'W| 289 318
42-4 | 11-Sep | 20:35| 39°35.42'N [009°08.39'W| 285 318
42-5 | 11-Sep|21:05| 39°35.42'N |009°08.40'W| 281 316
42-6 | 11-Sep | 21:35| 39°35.40'N |009°08.39'W| 297 316
42-7 | 11-Sep | 22:05| 39°35.40'N |009°08.41'W| 291 316
42-8 | 11-Sep | 22:35| 39°35.42'N |009°08.42'W| 281 316
42-9 | 11-Sep | 23:06 | 39°35.40'N {009°08.40'W| 293 316
42-10 | 11-Sep|23:37| 39°35.40'N (009°08.41'W| 287 316
42-11 | 12-Sep | 00:05 | 39°35.40'N (009°08.40'W| 289 316
42-12 | 12-Sep | 00:35 | 39°35.41'N (009°08.40'W| 291 314
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Station | Date | Time| Latitude Longitude |Depth| Depth recorded by CTD
64PE252 (UTC) (m) (m)
42-13 | 12-Sep | 01:06 | 39°35.38'N |009°08.40'W| 303 314
42-14 | 12-Sep | 01:34 | 39°35.41'N |009°08.38'W| 295 316
42-15 | 12-Sep | 02:05 | 39°35.39'N (009°08.40'W| 301 316
42-16 | 12-Sep | 02:34 | 39°35.38'N [009°08.38'W| 299 316
42-17 | 12-Sep | 03:05 | 39°35.38'N (009°08.38'W| 303 316
42-18 | 12-Sep | 03:36 | 39°35.40'N [009°08.40'W| 291 318
42-19 | 12-Sep | 04:04 | 39°35.38'N |009°08.38'W| 305 318
42-20 | 12-Sep | 04:34 | 39°35.40'N |009°08.37"W| 305 318
42-21 | 12-Sep | 05:06 | 39°35.40'N |009°08.40'W| 318 320
42-22 | 12-Sep | 05:35 | 39°35.40'N (009°08.41'W| 307 318
42-23 | 12-Sep | 06:09 | 39°35.39'N |009°08.40'W| 310 318
42-24 | 12-Sep | 06:35 | 39°35.40'N |009°08.41'W| 306 318
42-25 | 12-Sep | 07:05 | 39°35.38'N |009°08.41'W| 306 318
42-26 | 12-Sep | 07:34 | 39°35.41'N |009°08.39'W| 308 318
42-27 | 12-Sep | 08:04 | 39°35.41'N [009°08.40'W| 302 318
42-28 | 12-Sep | 08:31 | 39°35.40'N |009°08.40'W| 308 316
42-29 | 12-Sep | 09:58 | 39°35.40'N (009°08.39'W| 302 316
42-30 | 12-Sep|14:18| 39°35.38'N (009°08.39'W| 311 316
50 14-Sep | 10:29 | 37°50.01'N |010°59.99'W| 4987 4806
51 14-Sep | 20:13 | 37°50.01'N |010°30.00'W| 3908 3948
52 15-Sep | 03:59 | 37°50.00'N |010°05.00'W| 2908 2924
53 15-Sep | 09:10 | 37°49.98'N |009°54.97'W| 2475 2492
54 15-Sep | 18:12 | 37°50.00'N |009°45.01'W| 2130 2142
55 15-Sep | 15:56 | 37°50.00'N |009°35.00'W| 1374 1388
56 16-Sep | 00:05 | 37°49.99'N |009°28.48'W| 1002 1006
57 16-Sep | 03:08 | 37°49.80'N |009°14.95'W| 490 494
58 16-Sep | 05:33 | 37°50.00'N |009°04.99'W| 281 280
59 16-Sep | 08:31 | 37°49.99'N |008°50.00W| 74 40
60 19-Sep | 20:45 | 38°25.00'N |010°05.01'W| 4689 4736
62 18-Sep | 08:20 | 38°06.50'N |009°57.50'W| 4384 4418
63 20-Sep | 11:01 | 38°30.00'N [{009°28.46'W| 276 296
64 20-Sep | 12:17 | 38°34.99'N [009°28.48'W| 228 116
65 20-Sep | 13:15| 38°38.80'N (009°28.48'W| 179 90
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Appendix 3. Rosette water samples

Analysis: a= suspended particulate matter; b = silicate; ¢ = chlorophyll; d = nutrients

Station/Cast Bottle Depth  Analysis Station/Cast Bottle Depth  Analysis
64PE252- (m) 64PE252- (m)

01-1 1 4801 ab 04-1 11 25 cd
01-1 2 4802 a 04-1 12 5 cd
01-1 3 4802 d 05-1 1 2133 ab
01-1 5 4414 d 05-1 2 2133 a

01-1 6 3928 d 05-1 3 2132 d

01-1 7 3440 d 05-1 5 1678 a

01-1 8 2953 d 05-1 6 1483 d

01-1 9 2463 d 05-1 7 990 ab
01-1 10 990 ab 05-1 8 37 cd
01-1 11 56 c 05-1 9 23 cd
01-1 12 27 c 05-1 10 4 cd
01-1 13 4 c 07-1 1 960 ab
02-1 1 4453 ab 07-1 2 959 a

02-1 2 4452 a 07-1 3 961 d

02-1 4 4450 d 07-1 5 42 cd
02-1 5 3929 d 07-1 6 28 cd
02-1 6 3442 d 07-1 7 5 cd
02-1 7 2953 d 08-1 1 412 ab
02-1 8 2464 d 08-1 2 412 a

02-1 9 989 ab 08-1 3 411 d

02-1 10 60 cd 08-1 5 44 cd
02-1 11 44 cd 08-1 6 26 cd
02-1 12 5 cd 08-1 7 5 cd
03-1 1 4003 ab 09-1 1 150 ab
03-1 2 4003 a 09-1 2 151 d

03-1 3 4003 d 09-1 4 40 cd
03-1 5 3440 d 09-1 5 19 cd
03-1 6 2953 d 09-1 6 4 cd
03-1 7 2464 d 10-1 1 120 ab
03-1 8 991 ab 10-1 2 120 d

03-1 9 57 cd 10-1 4 38 cd
03-1 10 45 cd 10-1 5 18 cd
03-1 11 5 cd 10-1 6 5 cd
04-1 1 3509 ab 11-1 1 97 d

04-1 2 3508 a 11-1 2 23 cd
04-1 4 3508 d 11-1 3 16 cd
04-1 5 2995 d 11-1 4 5 cd
04-1 6 2499 d 12-1 1 44 d

04-1 7 1998 d 12-1 2 23 cd
04-1 8 1499 d 12-1 3 9 cd
04-1 9 999 ab 12-1 4 5 cd
04-1 10 43 cd 13-1 1 4805 ab
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Appendix 3 continued. Rosette water samples

Analysis: a= suspended particulate matter; b = silicate; ¢ = chlorophyll; d = nutrients

Station/Cast Bottle Depth  Analysis Station/Cast Bottle Depth  Analysis
64PE252- (m) 64PE252- (m)
13-1 2 4806 a 17-1 8 5 cd
13-1 3 4806 d 18a-1 1 1222 ab
13-1 5 4414 d 18a-1 2 1222 a
13-1 6 3930 d 18a-1 3 1221 d
13-1 7 3442 d 18a-1 6 59 cd
13-1 8 2927 d 18a-1 7 5 cd
13-1 9 2463 d 18-1 1 876 ab
13-1 10 988 ab 18-1 2 874 a
13-1 11 54 c,d 18-1 3 875 d
13-1 12 5 cd 18-1 5 69 cd
14-1 1 4233 ab 18-1 6 4 cd
14-1 2 4233 a 19-1 1 580 ab
14-1 3 4232 d 19-1 2 580 a
14-1 5 3929 d 19-1 3 580 d
14-1 6 3442 d 19-1 5 70 cd
14-1 7 2953 d 19-1 6 4 cd
14-1 8 2463 d 21-1 1 247 ab
14-1 9 1182 a 21-1 2 247 d
14-1 10 989 ab 21-1 3 49 c
14-1 11 64 cd 21-1 5 36 cd
14-1 12 6 c,d 21-1 6 4 cd
15-1 1 2847 ab 22-1 1 141 ab
15-1 2 2846 a 22-1 2 142 d
15-1 3 2846 d 22-1 3 50 c
15-1 5 2370 d 22-1 5 27 cd
15-1 6 989 ab 22-1 6 4 cd
15-1 7 70 cd 23-1 1 112 ab
15-1 8 50 cd 23-1 2 112 d
15-1 9 6 cd 23-1 3 50 c
16-1 1 2095 ab 23-1 5 28 cd
16-1 2 2096 a 23-1 6 3 cd
16-1 3 2096 d 24-1 1 53 ab
16-1 5 1480 d 24-1 2 53 d
16-1 6 985 ab 24-1 3 10 cd
16-1 7 54 cd 24-1 5 5 c,d
16-1 8 3 cd 30-2 1 3975 ab
17-1 1 1595 ab 30-2 2 3975 a
17-1 2 1597 a 30-2 3 990 ab
17-1 3 1596 d 30-2 4 99 cd
17-1 5 989 d 30-2 5 53 cd
17-1 6 989 ab 30-2 6 5 c,d
17-1 7 70 cd 31-2 1 2978 ab
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Appendix 3 continued. Rosette water samples

Analysis: a= suspended particulate matter; b = silicate; ¢ = chlorophyll; d = nutrients

Station/Cast Bottle Depth  Analysis Station/Cast Bottle Depth  Analysis
64PE252- (m) 64PE252- (m)
31-2 2 2977 a 41-6 1 49 cd
31-2 3 988 ab 41-6 2 46 cd
31-2 4 890 a 41-10 1 50 cd
31-2 5 490 a 41-10 2 34 cd
31-2 10 79 c,d 41-14 1 50 cd
31-2 11 38 cd 41-14 2 32 cd
31-2 12 6 c,d 41-18 1 49 cd
32-3 1 2104 ab 41-18 2 25 c
32-3 2 2105 a 41-22 1 50 cd
32-3 3 989 ab 41-22 2 22 c
32-3 4 495 a 41-24 1 728 ab
32-3 5 50 cd 41-24 2 594 ab
32-3 6 5 cd 41-24 3 396 ab
33-1 1 1143 ab 41-24 4 49 cd
33-1 2 1143 ab 41-24 5 38 c
34-1 1 1040 ab 42-29 1 314 ab
34-1 2 1041 ab 42-29 2 148 ab
34-1 3 495 ab 50-1 1 4796 ab
34-3 1 1034 ab 50-1 2 4797 a
34-3 2 579 ab 50-1 3 4798 d
34-3 3 343 ab 50-1 5 4415 d
34-5 1 1106 ab 50-1 6 3928 d
34-5 2 593 ab 50-1 7 3406 d
34-5 3 347 ab 50-1 8 2951 d
35-2 1 518 ab 50-1 9 2465 d
35-2 2 518 a 50-1 10 991 ab
35-2 3 79 cd 50-1 11 67 cd
35-2 4 28 cd 50-1 12 6 cd
35-2 5 5 cd 51-1 1 3940 ab
36-8 1 1070 ab 51-1 2 3937 a
36-8 2 1070 a 51-1 3 3937 d
36-8 3 495 a 51-1 5 3442 d
36-8 4 78 cd 51-1 6 2951 d
36-8 5 37 cd 51-1 7 2465 d
36-8 6 4 cd 51-1 8 2462 d
37-06 1 2798 ab 51-1 9 950 ab
37-06 2 2798 ab 51-1 10 951 ab
37-06 3 1972 ab 51-1 11 68 cd
37-06 4 988 ab 51-1 12 6 cd
41-1 1 20 cd 52-1 1 2916 ab
41-2 1 50 cd 52-1 2 2914 a
41-2 2 34 cd 52-1 3 2917 d
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Appendix 3 continued. Rosette water samples

Analysis: a= suspended particulate matter; b = silicate; ¢ = chlorophyll; d = nutrients

Station/Cast Bottle Depth  Analyss Station/Cast Bottle Depth  Analysis
64PE252- (m) 64PE252- (m)
52-1 5 2465 d 56-1 1 1003 ab
52-1 6 1972 d 56-1 2 1003 a
52-1 7 988 ab 56-1 3 1001 d
52-1 8 987 ab 56-1 4 49 c
52-1 9 51 c 56-1 5 19 cd
52-1 10 51 c 56-1 6 5 cd
52-1 11 30 cd 57-1 1 490 ab
52-1 12 5 cd 57-1 2 490 a
53-1 1 2457 ab 57-1 3 491 d
53-1 2 2456 a 57-1 4 23 cd
53-1 3 2461 d 57-1 5 5 cd
53-1 5 1972 d 58-1 1 279 ab
53-1 6 1479 d 58-1 2 279 d
53-1 7 992 ab 58-1 3 100 c
53-1 8 990 ab 58-1 4 44 cd
53-1 9 50 c 58-1 5 5 cd
53-1 10 49 c 59-1 1 33 ad
53-1 11 20 cd 59-1 2 4 c,d
53-1 12 5 cd 60-2 1 4726 ab
54-1 1 2134 ab 60-2 2 4726 a
54-1 2 2134 a 60-2 3 989 ab
54-1 3 2134 d 60-2 4 767 a
54-1 5 1481 d 60-2 5 99 cd
54-1 6 988 ab 60-2 6 51 cd
54-1 10 70 c 60-2 10 5 cd
54-1 11 38 cd 62-1 1 4410 ab
54-1 12 5 c,d 62-1 2 4409 ab
55-1 1 1385 ab 62-1 3 988 ab
55-1 2 1384 a 63-1 1 293 ab
55-1 3 1384 d 63-1 2 37 cd
55-1 5 989 ab 63-1 3 4 cd
55-1 6 988 d 64-1 1 111 ab
55-1 7 730 a 64-1 2 29 cd
55-1 8 69 c 64-1 3 4 cd
55-1 9 21 cd 65-1 1 87 ab
55-1 10 5 cd 65-1 2 3 cd
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Appendix 4. Aquaflow samplesfor chlorophyll analysis

Transect Latitude Longitude Date
Mondego 40°10'N 010°50'W 31-Aug
! 40°10'N 010°40' W 31-Aug
40°10'N 010°20'W 01-Sep
40°10'N 009°55'W 01-Sep
Estremadura Spur 39°15'N 011°10'W 04-Sep
! 39°14'N 011°05' W 04-Sep
39°13'N 010°55' W 04-Sep
39°11'N 010°45'W 04-Sep
39°09'N 010°35'W 05-Sep
39°07'N 010°25' W 05-Sep
39°05'N 010°20'W 05-Sep
39°03'N 009°55'W 05-Sep
Sines 37°50'N 010°50' W 14-Sep
! 37°50'N 010°40'W 14-Sep
37°50'N 010°20'W 15-Sep
37°50'N 010°10'W 15-Sep
37°50'N 009°28'W 15-Sep
37°50'N 009°25' W 16-Sep
37°50'N 009°20'W 16-Sep
37°50'N 009°10'W 16-Sep
37°50'N 009°00' W 16-Sep
37°50'N 008°55' W 16-Sep
Cascais Canyon 38°22’'N 009°58' W 19-Sep
! 38°19'N 009°46' W 20-Sep
38°20'N 009°33'W 20-Sep
38°29'N 009°29'W 20-Sep
38°32’N 009°29' W 20-Sep
38°37'N 009°29' W 20-Sep




Appendix 5. BOBO lander stations
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Station | Date | Time| Latitude Longitude |Depth Remarks

64PE252 (UTC) (m)
34 08-Sep | 15:08 | 38°26.36'N |009°20.38'W| 1070 deployment
34 19-Sep | 07:31 | 38°26.34'N |009°20.31'W| 1051 recovery
39 10-Sep | 09:18 | 39°30.73'N |009°51.00'W| 3091 | (=64PE236-14) recovery
62 18-Sep | 10:21 | 38°06.51'N |009°58.09' W| 4402 deployment

Appendix 6. Underwater camer a stations

Station | Date | Time| Latitude Longitude |Depth| Start/end of cameratrack

64PE252 (UTC) (m)
20 05-Sep | 10:25 | 39°04.53'N |010°11.04'W| 130 start bottom
20 05-Sep | 11:36 | 39°04.16'N |010°10.50'W| 147 end bottom
28 06-Sep | 20:33 | 39°09.87'N (010°08.99'W| 407 start bottom
28 06-Sep | 21:19 | 39°09.88'N |010°08.46'W| 276 end bottom
36 19-Sep | 14:57 | 38°28.00'N |009°28.70'W| 886 start bottom
36 19-Sep | 15:48 | 38°28.05'N |009°28.75'W| 734 end bottom
42 11-Sep| - | 39°35.33'N |009°08.38'W| 285 start bottom
42 12-Sep | 14:55 | 39°35.33'N |009°08.38'W| 285 end bottom
47 13-Sep [ 09:11 | 39°40.00'N (010°35.24'W| 4674 start bottom
47 13-Sep | 10:52 | 39°40.15°' N |010°35.78' W| 4661 end bottom
66 20-Sep | 15:44 | 38°23.50'N (009°17.53' W| 162 start bottom
66 20-Sep | 16:33 | 38°23.65'N |009°17.71'W| 148 end bottom
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Appendix 7. Multi- and boxcor e stations

Multicor es
Station | Date | Time| Latitude Longitude |Depth Remarks
64PE252 (UTC) (m)
1 03-Sep | 06:53 | 40°10.01'N (010°59.99' W| 4902
2 03-Sep | 02:22 | 40°10.02'N |010°29.99' W | 4445
3 02-Sep | 22:20 | 40°09.99'N [010°10.02'W| 3981
4 02-Sep | 19:43 | 40°10.00'N [{009°59.99'W| 3475
5-1 02-Sep | 16:36 | 40°10.01'N [009°56.99' W| 1847 failed
5-2 02-Sep | 17:49 | 40°10.02'N |009°56.85'W| 1830 failed
6 02-Sep | 15:08 | 40°10.01'N |009°56.00' W| 1463
7-1 02-Sep | 10:36 | 40°10.00'N {009°50.00'W| 959
7-2 02-Sep | 12:24 | 40°10.01'N [{009°50.00'W| 959
7-3 02-Sep | 13:29 | 40°10.01'N (009°50.00'W| 959
8 02-Sep | 09:21 | 40°10.00'N [{009°40.03' W| 416
9 02-Sep | 08:14 | 40°09.99'N [009°30.01'W| 156 depth from abc
11 02-Sep | 06:29 | 40°10.00'N |009°09.99'W| 103
12 02-Sep | 05:02 | 40°10.01'N |009°00.00'W| 48
13 04-Sep | 04:08 | 39°17.29'N |011°19.98'W| 4847
14 04-Sep | 12:23 | 39°13.74'N {010°59.00'W| 4060
15 04-Sep | 18:17 | 39°12.28'N |010°49.99'W| 2828
16 04-Sep | 22:46 | 39°10.60'N |010°39.97'W| 2084
17 05-Sep | 02:57 | 39°08.95'N |010°29.97’W| 1590
19 06-Sep | 01:52 | 39°06.27'N [{010°14.00'W| 570 failed
24-1 | 05-Sep | 20:54 | 38°58.81'N |009°29.19'W| 57 discarded
24-2 | 05-Sep|21:16 | 38°58.80'N |009°29.20'W| 58 discarded
24-3 | 05-Sep | 21:27 | 38°58.82'N |009°29.17'W| 57
25-1 | 06-Sep | 02:59 | 39°06.91'N |010°17.84'W| 1013 failed
25-2 | 06-Sep | 03:57 | 39°07.11'N |010°19.50'W| 1077 Eocene chalk
25-3 | 06-Sep | 05:13 | 39°06.68'N |010°19.19'W| 1095 failed
26 06-Sep | 15:42 | 39°10.76'N [{010°18.84'W| 1218
27 06-Sep | 16:45 | 39°10.36'N [{010°15.23' W| 1034
29 06-Sep | 21:55 | 39°09.36'N (010°09.09' W| 481 failed
30 07-Sep | 10:12 | 38°20.00'N [{009°51.51'W| 3914
31 07-Sep [ 13:11 | 38°18.69'N (009°42.15' W| 2957
32-1 | 07-Sep | 16:02 | 38°22.50'N |009°28.57’W| 1784 failed
32-2 | 07-Sep | 18:42 | 38°21.78'N |009°30.41'W| 2100
35 08-Sep | 18:28 | 38°29.61'N |009°28.73' W| 445
36 08-Sep | 19:18 | 38°27.91'N |009°28.49'W| 1021
40 10-Sep | 10:27 | 39°30.24'N |009°50.60' W| 3231
43-1 | 11-Sep|12:54| 39°35.81'N (009°24.23' W| 897
43-2 | 11-Sep | 13:50 | 39°35.84'N (009°24.21'W| 897
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Appendix 7 continued. Multi- and boxcor e stations

Multicores
Station | Date | Time| Latitude Longitude |Depth Remarks
64PE252 (UTC) (m)
44-1 | 11-Sep | 17:42| 39°36.81'N [009°11.42°W/| 485
44-2 | 12-Sep | 9:19 | 39°36.81'N [009°11.43' W| 492
45 12-Sep | 12:18 | 39°47.99'N [009°17.97W| 118
46 12-Sep | 18:05 | 39°30.33'N {009°19.39'W| 106
49 13-Sep | 20:50 | 39°35.60'N {010°20.00'W| 4363
50 14-Sep | 13:36 | 37°50.01'N {011°00.01'W| 4987
51 14-Sep | 22:39 | 37°50.01'N {010°30.00'W| 3908
52 15-Sep | 6:05 | 37°50.00'N {010°05.00'W| 2908
53 15-Sep | 10:49 | 37°49.98'N [009°55.00'W| 2475
54 15-Sep | 19:39 | 37°50.00'N {009°45.00'W| 2130
55 15-Sep | 21:30 | 37°49.99'N [009°34.99' W| 1374
56 16-Sep | 0:54 | 37°49.97'N [009°28.51'W| 1002
57 16-Sep | 3:38 | 37°50.00'N {009°15.00'W/| 490
58 16-Sep | 6:03 | 37°50.00'N {009°04.99' W| 282 partly failed
59 16-Sep | 8:59 | 37°49.99'N [008°49.89' W| 73 failed
60 16-Sep | 21:06 | 38°25.01'N [010°05.00'W| 4689
Boxcores
Station | Date | Time| Latitude Longitude |Depth Remarks
64PE252 (UTC) (m)
27-1 | 06-Sep | 18:05| 39°10.36'N [010°15.23'W| 1030
27-2 | 06-Sep | 18:55| 39°10.36'N [010°15.23' W| 1030
36-1 |18-Sep|19:14 | 38°27.88'N |009°28.50'W| 935
36-2 | 18-Sep|20:03 | 38°27.89'N (009°28.51'W| 935
36-3 | 19-Sep|12:32| 38°27.86'N [009°28.49'W| 1014
36-4 | 19-Sep|13:30| 38°27.90'N [009°28.50'W| 1020
39 10-Sep | 16:27 | 39°30.76'N {009°50.99' W| 3097
40 10-Sep | 13:30 | 39°30.23'N {009°50.64' W| 3329
43-1 | 11-Sep | 14:42| 39°35.80'N [009°24.25'W/| 897
43-2 | 11-Sep | 15:27 | 39°35.80'N [009°24.24'W| 897 failed
43-3 | 11-Sep | 16:07 | 39°35.80'N [009°24.24'W| 897
56-1 |16-Sep|13:04 | 37°49.99'N (009°28.50'W| 1001
56-2 | 16-Sep|13:51 | 37°49.95'N (009°28.49'W| 1001
56-3 | 16-Sep|14:40| 37°49.98'N (009°28.49'W| 1001
61-1 |17-Sep|08:12| 38°17.10'N |009°05.98' W| 970
61-2 | 17-Sep|08:55| 38°17.10'N |009°06.01’' W| 970
61-3 | 17-Sep|09:38 | 38°17.10'N |009°06.00'W| 970
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Appendix 8. Summary of multi- and boxcor e characteristics.

Core Transect Depth | Length | Remarks/Description
64PE252- (m) (cm)
01lmc Mondego 4902 | ~30-35 | hemipelagic silty clay, yellowish gray in
upper part grading to light gray downcore,
dark gray layer with sandy base at 12-16 cm
02mc Mondego 4445 | ~25 hemipelagic silty clay, yellowish gray in
upper part, brown Mn-oxide horizon at ~9
cm, grading to gray downcore
03mc Mondego 3981 | ~20 hemipelagic silty clay, yellowish gray in
upper part, brown Mn-oxide horizon at ~8-9
cm, grading to gray downcore
04mc Mondego 3475 | 22 hemipelagic silty clay, yellowish gray in
upper part, brown Mn-oxide horizon at ~8
cm, grading to gray downcore; aggregates
and some arborescent forams on surface
05mcl | Mondego 1847 failed; not tripped
05mc2 | Mondego 1830 failed, 2 tubes broken, others dented
06mc Mondego 1463 | ~5-10 | yellowish gray hemipelagic silty clay, stiff
light gray carbonate-rich sediment at base
07mcl | Mondego 959 | 11-14 | hemipelagic silty clay, yellowish gray in
upper part grading to gray downcore
07mc2 | Mondego 959 | 14-20 | hemipelagic silty clay, yellowish gray in
upper part grading to gray downcore
07mc3 | Mondego 959 | 12-16 | hemipelagic silty clay, yellowish gray in
upper part grading to gray downcore; some
arborescent forams on surface
08mc Mondego 416 |18 olive gray silt
09mc Mondego 156 | ~25 olive gray silty fine sand, dark gray reduced
bands downcore
11mc Mondego 103 | 22 upper 5 cm olive gray medium to coarse bio-
lithoclastic silty sand, gray sandy silt below
12mc Mondego 48 10-15 | yellowish gray fine to medium sand
13mc Estremadura | 4847 | 30-35 | yellowish gray hemipelagic silty clay; some
arborescent forams on surface
14mc Estremadura | 4060 | 19-21 | yellowish gray hemipelagic silty clay, brown
Mn-oxide horizon at 10-11 cm
15mc Estremadura | 2828 | 16-19 | yellowish gray hemipelagic silty clay, brown
Mn-oxide horizon at 10 cm; abundant
pteropod shells on surface
16mc Estremadura | 2084 | 32 yellowish gray hemipelagic silty clay;
abundant pteropod shells on surface
17mc Estremadura | 1590 | 22-25 | yellowish gray to gray hemipelagic silty clay;
abundant arborescent forams on surface
19mc | Estremadura | 570 failed; tripped but all tubes empty
24mcl | Estremadura 57 10-30 | gray fine sand with bivalve shells
24mc2 | Estremadura 58 |~5 sand with bivalve shells
24mc3 | Estremadura 57 ~10 gray fine sand with bivalve shells
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Appendix 8 continued. Summary of multi- and boxcor e char acteristics.

Core Transect Depth | Length | Remarks/Description
64PE252- (m) (cm)

25mcl | Estremadura | 1013 failed; tripped but all tubes empty

25mc2 | Estremadura | 1077 | ~5 some of the tubes contain 2-3 cm of brown
sandy clay with black pebbles on top of 2 cm
of white chalk

25mc3 | Estremadura | 1095 failed; tripped but all tubes empty

26mc Estremadura | 1218 | 26-29 | yellowish gray to gray hemipelagic silty clay;
some arborescent forams on surface

27mc Estremadura | 1034 | ~25 yellowish gray to gray hemipelagic silty clay;
some arborescent forams on surface

27bcl | Estremadura | 1030 | ~50 hemipelagic silty clay, yellowish gray in
upper part grading to gray downcore

27bc2 | Estremadura | 1030 | ~45 hemipelagic silty clay, yellowish gray in
upper part grading to gray downcore

29mc Estremadura | 481 failed; tripped but all tubes empty

30mc CascaisC 3914 | 27-29 | hemipelagic silty clay, brownish gray in
upper part grading to gray below 7 cm

31lmc CascaisC 2957 | 15-20 | brownish gray to olive gray silty clay

32mcl | CascaisC 1784 failed; tripped but tubes empty except some
lumps of stiff gray silty clay

32mc2 | CascaisC 2100 | 35-39 | olivegray silty clay

35mc CascaisC 445 | 37-45 | olive gray silty clay

36mc CascaisC 1021 | ~30 silty clay, olive gray in upper part, changing
to olive black below 10 cm; shell layer at
base of core

36bcl | CascaisC 935 ~20 silty clay, olive gray grading to olive black
downcore

36bc2 | CascaisC 935 ~32-42 | silty clay, olive gray grading to olive black
downcore; shell layer at base

36bc3 | CascaisC 1014 ~45 silty clay, olive gray grading to olive black
downcore; shell layer in lower part

36bc4 | CascaisC 1020 ~45 silty clay, olive gray grading to olive black
downcore; shell layer in lower part

39bc Nazaré C 3097 | >55 coring barrel overfilled; olive gray silty clay

40mc | Nazaré C 3231 olive gray silty clay

40bc Nazaré C 3329 |43 olive gray silty clay, micaceous sand at 1-3
cm

43mcl | Nazaré C 897 | 38-43 | olivegray silty clay

43mc2 | Nazaré C 897 | ~40 olive gray silty clay

43bcl | Nazaré C 897 | ~40 olive gray silty clay

43bc2 | Nazaré C 897 failed; corer not closed

43bc3 | Nazaré C 897 | ~40 olive gray silty clay

44mcl | Nazaré C 485 | 40 olive gray silty clay with silt and sand layers
at 2-5 cm, 24-25 cm, 27-28 cm and 34-40 cm

44mc2 | Nazaré C 492 | 45 olive gray silty clay with silt and sand layers

45mc Nazaré C 118 | ~30 olive gray silty clay
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Appendix 8 continued. Summary of multi- and boxcor e char acteristics.

Core Transect Depth | Length | Remarks/Description
64PE252- (m) (cm)

46mc | Nazaré C 106 | ~30 olive gray silty clay

49mc Nazaré C 4363 | ~30 olive gray silty clay, medium micaceous
quartz sand at base of core; coarse plant
debris on surface

50mc | Sines 4987 | 28 hemipelagic silty clay, upper 10-12 cm
yellowish gray, grading to gray downcore

51mc Sines 3908 | 20-30 | hemipelagic silty clay, upper part yellowish
gray, brown Mn-oxide horizon at 10 cm,
grading to gray downcore

52mc Sines 2908 | ~25 hemipelagic silty clay, upper part yellowish
gray, brown Mn-oxide horizon at 10 cm,
grading to gray downcore

53mc Sines 2475 | 27-34 | hemipelagic silty clay, upper part yellowish
gray, brown Mn-oxide horizon at 10 cm,
grading to gray downcore

54mc Sines 2130 | ~35 yellowish gray to gray hemipelagic silty clay

55mc Sines 1374 | 35-40 | hemipelagic silty clay, yellowish gray in
upper part, grading to gray downcore

56mc Sines 1002 | 40-45 | yellowish gray hemipelagic silty clay; some
arborescent forams on surface

56bcl | Sines 1001 | 42 yellowish gray hemipelagic silty clay

56bc2 | Sines 1001 | 47 yellowish gray hemipelagic silty clay

56bc3 | Sines 1001 | 45 yellowish gray hemipelagic silty clay

57mc Sines 490 | ~20 hemipelagic silty clay, yellowish gray in
upper 5 cm, grading to gray downcore; some
arborescent forams on surface

58mc | Sines 282 | ~10 some of the tubes damaged and empty, others
contain olive gray fine sand with abundant
arborescent forams on surface

59mc | Sines 73 failed; tripped but tubes empty

60mc | CascaisC 4689 | ~20 hemipelagic silty clay, upper 5 cm yellowish
gray, grading to gray downcore; 2 cm of fine
gravel at base of some cores

61bcl | Setubal C 970 | 40-45 | olive gray silty clay with abundant
arborescent foraminifera on surface

61bc2 | Setubal C 970 | 40-45 | olivegray silty clay with abundant
arborescent foraminifera on surface

61bc3 | Setubal C 970 | 40-45 | olivegray silty clay with abundant

arborescent foraminifera on surface




Appendix 9. Piston cor e stations
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Pistoncor es
Station | Date | Time| Latitude Longitude |Depth| Recovery incl. core catcher
64PE252 (UTC) (m) (cm)

34 19-Sep [ 09:52 | 38°25.81'N |009°20.90'W| 1112 728

36 18-Sep | 18:03 | 38°27.90'N |009°28.50'W| 953 357

48 13-Sep | 16:09 | 39°52.00'N {010°07.00'W| 3942 529
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Appendix 10. Start and end of multibeam echosounder lines

MBline | SOL/ | Date | Time| Latitude Longitude |Depth Remarks
EOL (UTC) (m)
0-3 SOL |31-Aug| 16:32| 40°09.99® [011°00.83@&| 4902
EOL |31-Aug|20:25| 40°09.99® |010°29.97&V| 4439
4.7 SOL |31-Aug| 23:57 | 40°09.99® [010°29.98@V| 4445
EOL | 1-Sep | 2:34 | 40°09.98®! [010°09.94&/| 3976
8.9 SOL | 1-Sep | 5:56 | 40°10.00® |010°10.26@V | 3994
EOL | 1-Sep | 7:12 | 40°09.99@® [009°59.97&/| 3476
10-12 SOL | 1-Sep | 10:00| 40°10.00@& [010°00.67@V| 3488
EOL | 1-Sep | 12:42| 40°10.19®! [009°39.84&V| 417
13 SOL | 1-Sep | 20:42| 40°09.99®! [009°39.95@&V| 414
EOL | 1-Sep |21:31| 40°09.99® [009°29.84&/| 152
14 SOL | 1-Sep | 22:05| 40°10.02® [009°30.43&/| 152
EOL | 1-Sep |22:51| 40°10.00@& [009°19.91&/| 121
15.17 SOL | 1-Sep | 23:34| 40°10.01® |009°19.89& | 122
EOL | 2-Sep | 0:27 | 40°09.99® [009°09.83&/| 103
18 SOL | 2-Sep | 1:15 | 40°09.99® [009°09.75@&/| 102
EOL | 2-Sep | 2:09 | 40°09.98® [008°59.86&| 54
19-31 SOL | 3-Sep | 8:51 | 40°14.99® |011°00.01&V | 4890
EOL | 3-Sep |21:08| 38°59.96@ [011°00.01&/| 3323
30.34 SOL | 4-Sep | 5:38 | 39°17.32® [011°20.34@V| 4848
EOL | 4-Sep | 8:17 | 39°13.93® [010°59.95@V| 4189
35-36 SOL | 4-Sep | 13:50| 39°13.92@®! |010°59.94&V | 4213
EOL | 4-Sep |15:10| 39°12.26@ |010°49.97&/| 2817
37-38 SOL | 4-Sep | 19:20| 39°12.27@® |010°49.958V | 2828
EOL | 4-Sep |20:37| 39°10.56@ [010°39.80&/| 2078
39-40 SOL | 4-Sep | 23:34| 39°10.62®! |010°39.94&V | 2084
EOL | 5-Sep | 0:56 | 39°08.92® |010°29.68&V| 1572
41-43 SOL | 5-Sep | 3:36 | 39°08.78® |010°30.23& | 1615
EOL | 5-Sep | 5:53 | 39°17.29® |010°15.96@V| 1209
44-46 SOL | 5-Sep |12:37| 39°07.28® |010°20.01&/| 259
EOL | 5-Sep |15:16| 39°03.93®& [009°59.93&/| 249
47-48 SOL | 5-Sep | 15:55| 39°03.99® |010°00.39& | 262
EOL | 5-Sep |17:18| 39°02.26@! [009°49.94&V| 144
49 SOL | 5-Sep | 18:05| 39°02.33® [009°50.33®&| 144
EOL | 5-Sep | 19:00| 39°00.59®& [009°39.93&/| 117
50-57 SOL | 5-Sep | 19:37| 39°00.59® |009°40.05& | 117
EOL | 6-Sep | 2:43 | 39°06.90®&! [010°17.82&/| 1010
58-60 SOL | 6-Sep | 7:03 | 39°09.29®! |010°05.74& | 223
EOL | 6-Sep | 9:52 | 39°13.33@ [010°21.56@| 1260




Appendix 10 continued. Start and end of multibeam echosounder lines
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MBline | SOL/ | Date | Time| Latitude Longitude |Depth Remarks
EOL (UTC) (m)
61-62 SOL | 6-Sep | 10:22| 39°15.14® |010°18.17& | 1043
EOL | 6-Sep |11:41| 39°07.01& [010°19.28&V| 1075
63-64 SOL | 6-Sep |12:41| 39°05.51® [010°13.58@V| 522
EOL | 6-Sep | 14:28| 39°15.09®! (010°12.82&/| 809
65-66 SOL | 6-Sep | 22:59| 39°05.50® |010°12.68& | 252
EOL | 7-Sep | 0:13 | 39°16.03® [010°10.74&/| 489
67 SOL | 7-Sep | 0:34 | 39°15.51@ [010°14.36@&V | 1067
EOL | 7-Sep | 1:25 | 39°07.24® [010°15.39&/| 920
68 SOL | 7-Sep | 1:35 | 39°07.34®! |010°16.83& | 1034
EOL | 7-Sep | 2:25 | 39°15.44@ [010°16.27&/| 1034
69 SOL | 7-Sep | 2:38 | 39°14.32@ [010°18.29@&V| 1051
EOL | 7-Sep | 3:37 | 39°05.87@ [010°21.45@&V| 1174
70 SOL | 7-Sep | 3:47 | 39°05.87@® |010°19.97& | 1096
EOL | 7-Sep | 3:54 | 39°07.05® |010°20.07&/ | 1067
71-72 SOL | 7-Sep | 16:49| 38°22.48®! |009°28.62& | 1752
EOL | 7-Sep | 17:59| 38°22.04® |009°30.87&V| 2141
73-80 SOL | 7-Sep | 21:27| 38°22.93® |009°17.67& | 340
EOL | 8-Sep | 5:01 | 38°29.23® [009°22.64&V| 128
81 SOL | 8-Sep | 17:33| 38°25.71® [009°28.13&V| 1396
EOL | 8-Sep | 18:07| 38°29.94® [009°28.75&/| 305
80 SOL | 9-Sep | 20:39| 38°32.89® [009°38.29®&V| 274
EOL | 9-Sep |21:03| 38°34.77@ |009°41.85@&/| 817
83 SOL | 9-Sep | 22:41| 38°46.20® |009°50.02&/| 104
EOL | 9-Sep |23:07| 38°49.77@ |009°50.08&V| 64
84 SOL | 11-Sep| 9:01 | 39°36.66&1 [009°17.47@&/| 684
EOL |11-Sep| 9:54 | 39°35.34® [009°07.95&/| 180
85-86 SOL | 11-Sep | 10:46 | 39°35.30® |009°08.69&V | 251
EOL |11-Sep|12:22| 39°35.82® [009°24.25&/| 897
57-88 SOL | 12-Sep|15:32| 39°35.38® |009°08.408&| 309
EOL |12-Sep|16:50| 39°35.33®& [009°08.38&V| 293
89-92 SOL |12-Sep|22:29| 39°52.00@& [009°59.98&V | 2101
EOL |13-Sep| 1:55 | 39°50.84® [010°10.09&/| 3906
93-96 SOL | 13-Sep| 3:57 | 39°41.508®1 [010°32.29@N | 4479
EOL |13-Sep| 7:19 | 39°38.60@ |010°40.05&/| 4052
97-100 SOL | 14-Sep | 15:00 | 37°50.02@®! |011°00.248V | 4988
EOL |14-Sep|18:55| 37°49.99® [010°29.87&/| 3896
101-104 SOL | 14-Sep | 23:50| 37°50.00&4 [010°30.01&V| 3909
EOL |15-Sep| 3:02 | 37°50.01®& [010°04.91&/| 2915




Appendix 10 continued. Start and end of multibeam echosounder lines
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MBline | SOL/ | Date | Time| Latitude Longitude |Depth Remarks
EOL (UTC) (m)
105-106 SOL | 15-Sep| 7:03 | 37°49.99® |010°05.05& | 2915
EOL |15-Sep| 8:18 | 37°50.00&! [009°54.91&/| 2476
0-1 SOL |15-Sep|11:58| 37°49.99® [009°55.20@V | 2482
EOL |15-Sep|13:34| 37°50.00&! |009°45.008V| 2128
2.3 SOL | 15-Sep | 14:00| 37°50.00® |009°45.188 | 2134
EOL |15-Sep|15:26| 37°50.02® [009°34.87&/| 1374
4.5 SOL | 15-Sep|22:00| 37°50.01& [009°35.03@&V| 1380
EOL |15-Sep|23:10| 37°50.01®& [009°24.89&V| 868
6.7 SOL | 16-Sep| 1:38 | 37°49.99® |009°25.11&/| 880
EOL |16-Sep| 2:50 | 37°49.99® [009°14.94&/| 490
8.9 SOL |16-Sep| 4:01 | 37°50.00®& [009°15.20@V| 496
EOL |16-Sep| 5:20 | 37°50.01& [009°04.95@&/| 279
10-11 SOL | 16-Sep| 6:21 | 37°50.01@® |009°05.21&/| 289
EOL |16-Sep| 8:19 | 37°50.00&! [008°49.91&/| 72
19-17 SOL |17-Sep| 2:23 | 38°16.02® [009°14.98&V| 1173
EOL |17-Sep| 7:42 | 38°16.97® [009°04.13&/| 312
18-32 SOL | 17-Sep|13:34| 38°23.93® |009°22.99&| 672
EOL |18-Sep| 4:13 | 38°26.58® [009°32.408V| 367
33 SOL | 18-Sep| 9:45 | 38°06.50& |009°57.51& | 4384
EOL |18-Sep|10:17| 38°06.49®! |009°58.02&| 4396
34.49 SOL | 18-Sep|21:31| 38°19.97@® |009°31.53& | 2265
EOL |19-Sep| 5:49 | 38°15.99® [009°19.98&V| 1423
43-54 SOL |20-Sep|17:01| 38°23.58® |009°17.97& | 168
EOL |21-Sep| 4:40 | 38°10.74® [009°15.63@V| 843
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Appendix 11. Start and end of 3.5 kHz acoustic lines

35kHz | SOL/ | Date | Time| Latitude Longitude |Depth Remarks
line EOL (UTC) (m)
1 SOL |31-Aug| 20:02 | 40°09.99'N [010°32.89' W| 4506
EOL |[31-Aug|20:24 | 40°09.99'N [010°29.97°'W| 4445
> SOL |31-Aug| 23:57 | 40°09.99'N [010°30.00'W| 4445
EOL |01-Sep|02:33| 40°09.98'N (010°10.00'W| 3981
3 SOL | 01-Sep|05:58 | 40°10.00'N {010°10.01'W| 4000
EOL |[01-Sep|07:12| 40°09.99'N (009°59.97'W| 3481
4 SOL | 01-Sep|10:00| 40°10.00'N [010°00.67'W/| 3487
EOL |01-Sep|12:37| 40°09.99'N [009°39.99'W| 410
5 SOL | 01-Sep|20:42| 40°09.99'N [009°39.98' W| 414
EOL |[01-Sep|21:30| 40°09.99'N (009°29.99'W| 154
6 SOL | 01-Sep|22:04| 40°10.02'N [009°30.43'W| 154
EOL |[01-Sep|22:50| 40°09.99'N (009°19.98' W| 124
7 SOL | 01-Sep|23:33| 40°10.00'N [009°19.97°W| 123
EOL |02-Sep|00:26 | 40°09.99'N [009°09.96'W| 102
8 SOL | 02-Sep|01:13| 40°09.98'N [009°09.99'W| 102
EOL |[02-Sep|02:08| 40°09.98'N (009°00.00'W| 54
9 SOL | 03-Sep|08:51| 40°14.97'N {011°00.01'W| 4890
EOL |03-Sep|21:07| 39°00.00'N (011°00.01'W| 3317
10 SOL | 04-Sep|05:40| 39°17.27°'N [011°20.01'W/| 4847
EOL |04-Sep|08:17| 39°13.93'N (010°59.97'W| 4189
11 SOL | 04-Sep|13:49| 39°13.94'N [010°59.97'W| 4213
EOL |[04-Sep|15:09| 39°12.27'N [010°50.00'W| 2829 | GPS not correct
12 SOL | 04-Sep|19:19| 39°12.28'N {010°50.03' W| 2840
EOL |[04-Sep|20:35| 39°10.61'N [{010°39.98' W| 2084
13 SOL | 04-Sep | 23:33| 39°10.63'N {010°40.01' W| 2090
EOL | 05-Sep|00:52 | 39°08.93'N [{010°29.98' W| 1596
14 SOL | 05-Sep|12:37| 39°07.28'N |010°20.01'W/| 1076 | depth from abc
EOL |05-Sep|15:15| 39°03.94'N [{010°00.00'W| 250
142 SOL | 05-Sep | 03:38| 39°08.94'N |010°30.00'W/| 1596 | out of transect
EOL |05-Sep|05:52| 39°17.27'N (010°16.00'W| 1209 | out of transect
15 SOL | 05-Sep|15:58 | 39°03.93'N [010°00.00'W| 250
EOL |[05-Sep|17:17| 39°02.27'N |009°50.00'W| 144
16 SOL | 05-Sep|18:07 | 39°02.28'N [009°50.01'W/| 144
EOL |05-Sep|18:59| 39°00.61'N [{009°40.01'W| 116
17 SOL | 05-Sep | 19:37 | 39°00.59'N |009°40.05'W| 116
EOL |05-Sep|20:31| 38°58.81'N [009°29.17"W| 57
18 SOL | 06-Sep | 07:06 | 39°09.36'N [010°06.17°W| 231
EOL |[06-Sep|09:28 | 39°11.38'N (010°24.63' W| 1661
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Appendix 11 continued. Start and end of 3.5 kHz acoustic lines

35kHz | SOL/ | Date | Time| Latitude Longitude |Depth Remarks
line EOL (UTC) (m)
19 SOL | 06-Sep|10:22| 39°15.14’'N [010°18.17"W/| 1042
EOL |06-Sep|11:40| 39°07.06'N [010°19.27'W| 1075
20 SOL | 06-Sep|12:41| 39°05.51'N [010°13.58' W| 526
EOL |[06-Sep |14:22| 39°15.33'N (010°12.35' W| 694
21 SOL | 14-Sep|15:02| 37°50.01'N [{011°00.02"W/| 4987
EOL |14-Sep|18:54| 37°50.00'N {010°30.02' W| 3908
2o SOL | 14-Sep|23:50| 37°50.00'N {010°30.01' W| 3908
EOL |[15-Sep|03:01| 37°50.01'N [{010°05.02°W| 2914
23 SOL | 15-Sep|07:03 | 37°49.99'N [{010°04.98' W| 2908
EOL |[15-Sep|08:17 | 37°49.99'N [009°55.00'W| 2475
o4 SOL | 15-Sep|11:59| 37°50.00'N [009°55.06'W| 2481
EOL |[15-Sep|13:18| 37°50.01'N {009°45.00'W| 2128
o5 SOL | 15-Sep|14:01| 37°50.00'N {009°45.02'W| 2128
EOL |15-Sep|15:25| 37°50.02'N [009°35.01'W| 1374
26 SOL | 15-Sep|22:00| 37°50.01'N {009°35.05'W| 1380
EOL |15-Sep|23:09| 37°50.01'N [{009°25.01'W| 880
o7 SOL | 16-Sep | 01:39| 37°50.00'N [009°25.01'W| 874
EOL |16-Sep|02:49| 37°49.99'N [009°14.99'W| 490
8 SOL | 16-Sep|04:02| 37°50.01'N [009°15.01'W| 495
EOL |16-Sep|05:19| 37°50.01'N (009°05.02’W| 281
29 SOL | 16-Sep|06:22 | 37°50.00'N [009°05.00'W| 281
EOL |16-Sep|08:18| 37°50.00'N [008°50.01'W| 72




