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Abstract: The Nazaré Canyon is one of the largest submarine canyons in Europe featuring a

remarkable connection with the coastline. This strong connection is not common among the
submarine canyons and it is related with a marked active set of processes which drives the sand
capture from the canyon-head surrouding beach. The Beach to Canyon Project was designed to take
steps towards the understanding of the complex sediment transport mechanisms that generate
sediment injection into the Nazaré canyon-head, creating what appear to be a stable erosional head
retreat and a major driver of canyon morpho-sedimentary dynamics. A wide set of data are being
collected in order to achieve the Project objectives: High resolution multi-beam survey, beach
topography, wave and beach morphology video-monitoring, near-shore current data, sediment
sampling (superficial and coring) and a tracer experiment.
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1.

INTRODUCTION

The most remarkable pathways of sediment to and
from the high depth regions of the sea are the
submarines canyons. Almost 6000 submarine
canyons can be identified in all world active and
passive continental margins (Harris & Whiteway,
2011) but only quite a few tens can establish a direct
connection with the shoreline. This connection is
mainly controlled by the canyon head, being
frequently associated with a coastline indentation,
creating a singular set of sedimentary and
hydrodinamic processes that promote sediment
capture.
In this particular group of canyons one can find deep
incision and long paths, creating a distinct
morphology referred as type “gouf” by J. R., Vanney
& D. Mougenot, 1990, cutting the continental shelf
throughout the abyssal plain. The relation between
this particular type of submarine canyon and the
head and beach morphodynamics is not clear and
needs to be clarified.
The Beach to Canyon Project intends to take steps in
understanding this relationship on the Nazaré
Canyon (Fig. 1) by studying the set of sediment
transport processes and oceanographic forcing
conditions between the beach around the canyonhead rim and the downstream canyon section. This
Project, promoted by Fundação da Faculdade de
Ciências da Universidade de Lisboa and Instituto
Hidrográfico, is funded by Fundação para a Ciência
e Tecnologia (FCT).

Figure 1. Beach to Canyon Project target area

2.

PROJECT APPROACH

The main issue to be addressed on this project is to
understand the set of complex sediment transport
mechanisms that generate sediment injection into the
Nazaré canyon head, creating what appear to be a
stable erosional head retreat and beach sand capture.
This is a primary and unavoidable step for
subsequent research on proximal sediment supply
budgets and inner canyon transport processes in
terms of frequency, magnitude and nature.
In general terms, the research plan is divided into the
following steps:
- Knowledge of oceanographic forcing
processes (waves and currents; pre-existing
data analysis and numerical modeling)
- Nearshore short term morphodynamic
assessment (observational data and modeling)
- Sediment pathways and transport volumes
estimation (trace experiment and modeling)
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-

General geo-hazard assessment based on storm
scenarios and canyon-head submarine landslide
risk in connection with coarse sediment
proximal accumulation prisms.
- Evaluation of coarse sediment supply potential
to the deep ocean in what concerns the
contribution on building distal depositional
sequences with significant hydrocarbon
potential.
The set of data that are being acquired to address the
above issues include the follow:
- High Resolution Multi-Beam Hydrography
- Single Beam nearshore bathymetry
- Beach Topography
- Beach Video Monitoring
- Current and Waves measurement
- Beach Sediment Sampling
- Canyon Axis Coring
This Project will also beneficiate from relevant data
sources from MONICAN Project (multi-parametric
buoys moored on the Nazaré Canyon), SIMOC
Project (radar superficial wave and current data) and
video monitoring of Norte beach.

The convergence of the above research plan will
result on the development of a conceptual model of
canyon head supply and longshore sediment
transposition to the adjacent littoral system.
The project is structured in 7 tasks related to each
other accordingly to the Project workflow (Fig. 2):
1. Literature Review and Data Management
2. Morphodynamic Characterization of Nazaré
Head and Coastal Strech
3. Sedimentary Study
4. Sediment Transport Modeling
5. Sedimentary Trace Experiment
6. Sediment Budget Quantification
7. Integration – Conceptual Model
Figure 2. Beach to Canyon Project workflow

3.

PROJECT STATUS

The Beach to Canyon Project has a 3 year long
duration and started on the first July 2011.
Nevertheless, the financial support by FCT was
known a couple of months earlier which permitted to
initiate some activities, especially the ones that
demanded considerable management caution, in
what concerns higher skilled human resources and
technology. That was the case of the high resolution
multibeam survey made by Brigada Hidrográfica of
the first Nazaré Canyon 5 km, using a Kongsberg
EM 3002 system, which included the canyon-head
area (figure 3). This survey was anticipated to May
2011 and will be carefully compared with the one
that was made in the scope of the IH internal Project
SECNA in the year 2000.

This task structure pretends to combine previous
knowledge and data from oceanographic, hydrographic
and sedimentological sources with new data from the
same domains and numerical modeling of waves,
circulation and sediment transport.
The acquisition of new data and numerical modeling
will focus on solving the main issues concerning the
understanding of the canyon-head capturing process
and adjacent beach morphodynamic, which are:
- Prevailing hydrodynamic forcing and sediment
transport physical processes.
- Time and space variation of each identified
sediment transport processes.
- Sand loss sectors and respective estimated
volumes.
- Littoral short-term morphologic evolution and
influence of the anthropogenic intervention.
- Identification of high efficient erosion
processes starting from the littoral system.
- Short and long-term axial incision mechanisms
in correlation with the coarse grained sediment
transport load.

500 m

Figure 3. Preliminary digital terrain model obtained from the
multibeam survey (Kongsberg EM 3002 system)of the first 5 km
of the Nazaré Canyon, between 5 m to 300 m depth, showing the
canyon-head complex structure. This survey was taken on May
2011 by Brigada Hidrográfica of Instituto Hidrografico.
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With respect to the actual status of the project the
following activities can be highlighted:
- Instalation of two video-monitoring cameras on
the Nazare Cape and Sítio da Nazare, adding
observational capacity by covering two key areas
(see Taborda et al., this volume): (a) the offshore
area adjacent to the Nazaré headland, where there
is a strong wave deformation related with the
presence of the Nazaré canyon head, and (b) Baía
da Nazaré beach (Figs 4 and 5).
- One high-resolution multibeam survey of the
canyon head and adjacent shelf (Fig. 3);
- Topo-hydrographic survey using a single-beam
system and DGPS was also made, covering the
submerged and emerged beach around the
canyon head. This survey was performed in
conjunction with the former.
- Coring of the two major sand injection points
of the canyon-head system to access the nature
and the retaining thickness of the sediment that
is being provided directly to the canyon (Fig. 6).
- Acquisition of an high-frequency acoustic
(1.5Mhz) SONTEK Mini-ADP with large
memory capacity to measure current in limit
layer and waves for at least 2 months. This
equipment will be moored near Guilhim
(Nazare Cape), which is considered the most
important sector of sand injection into the
canyon.
- Acquisition of a ET862S-R-L Long Life
IXSEA GAPS transponder for acoustic
positioning; this device will be attached on a
concrete weight and will be launched on the
beach sand reception area inside the canyonhead at approximately 100 m depth to be
tracked down-canyon with the bottom solid
sand movement.
- Installation and optimization of a workstation
platform to operate the ROMS (Regional
Oceanic Modeling System) software on Linux
OS.

Figure 5. View of Baía da Nazaré beach from the Sítio da
Nazaré. The video-monitoring system is recording the beach
variations with high frequency resolution (1Hz).

Figure 6. Core sample obtained on the axis of the most active
branch of the Nazaré Canyon head. The column is highly
homogenous and shows a medium to coarse sand signature.

4.

FUTURE ACTIVITIES

The most relevant data acquisition will be taken
throughout this year. This will include the mooring
of the MiniADP, launching the GAPS transponder
and follow the littoral sand movement inside the
canyon. At the same time regular sediment sampling
of the beach and inner shelf will occur, combined
with topo-hydrographic activities. A tracer
experiment is planned to October 2012. Up to 10 T
of tracer sand will be launched at Norte beach in
order to access transport volumes, beach to canyon
losses and level of sand transposition around the
Nazaré headland.
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