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ABSTRACT  

 

Martins, V., Granjeia, C., Abrantes, I., Jesus, C., Dias, J.M., Silva, P. A., Silva E.F. and Rocha F., 2011. Sediments 
flux through the Aveiro harbour jetties. Patterns of accretion and erosion. Journal of Coastal Research, SI 64 
(Proceedings of the 11th International Coastal Symposium), 1784 – 1787. Szczecin, Poland, ISSN 0749-0208 

Measurements of suspended sediment concentrations (SSC) in the Aveiro inlet during eight tidal cycles, 
comprehending spring and neap tides throughout winter and summer oceanographic regime, in 2006 and 2007, were 
performed. The SSC results show significant temporal variability, suggesting that higher fluxes of sediments through 
the Aveiro inlet occur in general during the winter spring tides. In these events higher volume of sediments can be 
imported from the ocean and introduced in the lagoon. Textural, mineralogical, geochemical and microfaunal studies 
of bottom sediments in the lagoon entrance area evidence the main areas where the sediments imported from the 
ocean are being accumulated: near the South Jetty and at the western side of Mira Channel. The sediments accretion 
in these areas contributes to the stabilization of the engineering structures of Aveiro Harbour. The high tidal current 
velocities contribute to the erosive character which dominates, at the central entrance channel, between both 
breakwaters and close to the North Jetty. These results show the vulnerability to erosion of some areas of North Jetty 

ADDITIONAL INDEX WORDS: multiproxy approach, tidal currents, oceanic processes, suspended particulate 
matter, bottom sediments 

 
INTRODUCTION 

Ria de Aveiro is a shallow coastal lagoon located on the 
Northwest coast of Portugal (40º38’N, 8º44’W) separated from 
the Atlantic Ocean by a sand bar interrupted by an artificial inlet 
(350 m wide) fixed by two jetties (Figure 1). The jetties were 
constructed in 1808 and have been submitted to several 
interventions until today. 

According to Plecha et al. (2010) the northern breakwater is 
the most important structure of the harbour and also the most 
vulnerable to wave action due to its location and orientation. In 
1999 and 2004, structural maintenance works of the 
breakwaters were made due to the collapses suffered during the 
winter storms of 1995/1996 and 1997/1998. The high-energetic 
regime in the area and the intense sedimentary dynamics oblige 
to frequent analysis of these structures.  

The engineering structures defining the Ria de Aveiro inlet 
are important for the region because they provide permanent 
water exchanging between the lagoon and the sea, as well as 
guarantee navigable channels supporting the activities of Aveiro 
Harbours and also many recreational, commercial and industrial 
activities around the lagoon. Considering the importance of 
keeping these maritime structures, the main goals of this work 
are to study the sediments flux through the Aveiro harbour 
jetties and to recognize areas of accretion and erosion aiming at 
identifying possible vulnerable areas near the engineering 
structures of Ria de Aveiro’s mouth. 

 
STUDY AREA 

The lagoon has four main branches connected with the 
entrance: Mira, S. Jacinto, Ilhavo and Espinheiro. Mira and S. 
Jacinto lay in the continuity of Ria de Aveiro inlet. Water 
circulation in the lagoon is driven by the wind, river runoff but 
it is almost totally dependent on tidal energy (Dias et al. 2000, 
Vaz and Dias, 2008). Tides are semidiurnal, with an average 
range, at the inlet, of about 2 m, and maximum and minimum 
ranges of 3.2 m (spring tide) and 0.6 m (neap tide), respectively 
(Dias et al. 2000, Sousa and Dias 2007).  

The lagoon receives sediments and freshwater of several 
small streams and several rivers. According to Moreira et al. 
(1993) the two main rivers are Vouga and Antuã (50 and 5 
m3s−1 average discharge, respectively) and the total mean 
estimated freshwater input is approximately 1.8x106 m3, during 
a tidal cycle. The tidal prism of the lagoon, for (maximum) 
spring tide and (minimum) neap tide, is estimated as 136.7x106 
m3 and 34.9x106 m3, respectively (Lopes et al. 2006). Hence, 
the total mean estimated freshwater input is very small (2.5%), 
when compared to the mean tidal prism at the mouth 
(approximately 70x106 m3). This also explains the lagoon 
vertical homogeneity as described by Dias et al. (1999). 

The continental shelf environment adjacent to the lagoon is 
subjected to a highly energetic wave climate, with a yearly 
mean significant wave height (Hs) of 2–2.5 m, wave periods of 
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9–11 s corresponding to WNW to NNW swell (Andrade et al., 
2002).  

METHODS 
A set of about 140 surface sediment samples were collected 

with a Petit Ponar grab during high and low tides 
(corresponding to low current velocities) at the Ria de Aveiro 
mouth (Figure 1). These surface sediment samples were 
submitted to grain size, mineralogical, geochemical and 
microfaunal (benthic foraminifera) analysis.  

The classic sieving method was used for sediment grain size 
determinations. A split of the sediment fraction <2000 µm of 
each sample was milled and was used in mineralogical and 
geochemical studies.  

The mineralogical studies were carried out through X-ray 
diffraction (XRD) techniques according to the procedures 
described by Martins et al. (2007).  

Concentrations of Ag, Al, As, Ba, Be, Bi, Ca, Cd, Ce, Co, Cr, 
Cu, Fe, Hf, K, La, Li, Mg, Mn, Mo, Na, Nb, Ni, P, Pb, Rb, S, 
Sb, Sc, Sn, Sr, Ta, Th, Ti, U, V, W, Y, Zn and Zr were 
determined by ICP-MS (Inductively Coupled Plasma-Mass 
Spectrometer) analysis, after 4-acid digestion (HClO4-HNO3-
HCl-HF) at ACME Analytical Laboratories, Canada. Benthic 
foraminifera studies were performed using a binocular 
microscope, on the sediment fraction 63-500µm. Foraminifera 
abundance (number per gram) was determined by counting tests 
from a known weighted sediment split. The number of dead 
individuals per species was counted in each sample until it 
reaches the adequate number of 300 empty tests of foraminifers. 
Percentage of individuals per species and per sample was 
calculated in samples with at least 100 specimens (in a volume 
of more than 500 ml of sediment). Based on the results of 
previous studies aiming at characterizing  the living 
autochthonous assemblages of benthic foraminifera of Ria de 
Aveiro, the total percentage of the species imported from the 
ocean by tidal currents were identified and determined. 

The temporal variation in the suspended sediments 
concentrations (SSC) was addressed by sampling at eight 
occasions during 2006 and 2007, including winter and summer 
oceanographic regimes. Sampling was performed at 
approximately 3-hour intervals, during 4 neap and spring tidal 
cycles, at ten sites located near the lagoon mouth (Figure 1). 
Water samples were collected from the surface, middle-depth 
and 1 m above the bottom at each site, with a horizontal Van 
Dorn® bottle (4.5 l of capacity). Suspended sediment 
concentrations were determined according to the methodology 
applied by Abrantes et al. (2006). Between 1 and 3 liters 
aliquots were filtered with the classic vacuum system, using 
0.45 µm Millipore® (47 mm diameter) pre-weighted filters. The 
filters were dried at 40 ºC for 24 h and reweighed. 

In some selected SPM samples, the sediments grain size were 
analyzed by Laser Diffraction in Particle Size Analysis 
(Mastersizer S instrument, Malvern Instruments). Their 
mineralogy (XRD) was also investigated.  

RESULTS 
The bottom sediments grain size and composition are 

heterogeneous in the studied area. Sediments are coarser (with 
higher content in sediments fraction >500 µm, Figure 1) in the 
Ria de Aveiro Inlet (RAI), namely in some areas close to the 
North Jetty, along the S. Jacinto Channel (SJC) and in eastern 
side of Mira Channel (MC). Finer sediments (with higher 
content in sediments fraction <250 µm, Figure 2a) are 
accumulated at the western side of MC, near the South Jetty and 
at the head of the North Jetty. 

The dominant mineral in the sediments composition is quartz 
(95-25%, median value 53%), followed by phyllosilicates 
(<52%, median value 7%), plagioclase (45-1%, median 5%), K-
feldspars (40-2 %, median 10%), calcite (<16%, median value 
2%), dolomite (<7%, median value 1%), with vestigial presence 
of other minerals such as opal C/T, anhydrite, siderite, anatase, 
zeolites, alunite, magnetite, hematite and pyrite. The 
predominant mineral of coarser sediments is quartz (Figure 2b). 
In more protected areas the proportion of carbonates and 
phyllosilicates increases (Figure 2c, 2d). The higher content in 
feldspars was found in RAI and MC. 

Foraminifera density (n.º/g <1200, median 1) is very low in 
most of the studied samples. Benthic foraminifera tests 
imported from the ocean reach, in some areas, about 80% of the 
total assemblage. Both foraminifera density and percentage of 
imported oceanic tests of benthic foraminifera tend to be higher 
(Figure 2e, 2f) in areas of accumulation of finer sediments 
(Figure 2a), such as near the South Jetty and in the western side 
of MC. 

Strontium content related mostly to the sediment biogenic 
component follows the same pattern of distribution of Ca 
concentrations represented in Figure 3a). Concentrations of 
geogenic elements (such as Li, Na, Mg, Zr, Ti, Li, Rb, Ce, La 
and V) have a pattern of distribution similar to Al content 
represented in Figure 3b).  

Suspending sediments concentrations (SSC) measured in 
2006 and 2007 ranged between 117.65 mg.l-1 and 2.13 mg.l-1. 
Considering the sampling period the highest values were 
registered during the winter regime, both in 2006 and 2007, in 
different tidal phases. However, greater SSC were recorded 
during flood events of winter spring tides: RAI 117.65 mg.l-1, 
SJC 105.60 mg.l-1 and MC 72.1 mg.l-1. SSC generally increase 
from surface to bottom. The sediments mean grain size of 
suspended particulate matter (SPM) varies between 10-44 µm, 
i.e. has the dimension of silt. Fine fraction (<63 µm) varied in  
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Sediments fraction >500 µm (%)

 
Figure 1. Study area and map of distribution of percentage of 
coarser sediment fraction >500 µm. The location of stations for 
SPM collection are presented in a): Aveiro inlet, B1-B4, S. 
Jacinto channel JN, JC, JS, Mira Channel, MW, MC, ME. 
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the studied SPM samples between 50-98%. SPM with higher 
content in sand fraction (<48%) were registered in flood evenof 
winter spring tides. The mineralogical composition of SPM 
revealed that the predominant mineral is quartz (mean value 
56%, max 70%), followed by phyllosilicates (mean value 24%, 
max 42%) and by plagioclase (mean value 7%, max 18%) and 

K-feldspars (mean value 7%, max 27%). Carbonates, mainly 
calcite are also present (mean value 2%, max 10%). The SPM 
richness in quartz and feldspars is higher near the bottom and 
mid-water than in the surface in all sites under analysis. 

Sediments fraction <250 µm (%) Quartz (%)

Carbonates (%) Phyllosilicates (%)

Foraminifera Density (n.º/g) Oceanic Species (%)e) f)

c) d)

a) b)

 

Figure 2. Maps of distribution of: a) finer sediment fraction <250 µm (%), b) quartz (%), c) carbonates (%), d) phyllosilicates (%), e) 
foraminifera density (n.º/g), f) benthic foraminifera imported from the ocean and deposited in the Ria de Aveiro (%). 

AlCaa) b)

 
Figure 3. Maps of distribution of concentrations of: a) Ca, and Al (mg.kg-1) 
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DISCUSSION 
Differences in the bottom sediments grain size and chemical, 

mineralogical and microfaunal composition (Figures 1, 2 and 3) 
in the studied area record the long-term and cumulative effects 
of various dynamic sedimentary, chemical and biological 
processes and can be attributed to local depositional differences 
controlled mostly by the channels morphology and tidal currents 
action. Western side of MC, the head of North jetty and the area 
near the South jetty are submitted to relatively lower-energy 
bottom currents. This illation is supported by the sediments grain 
size and composition, i.e. by the presence of finer sediments, 
including greater content in phyllosilicates and carbonates, to 
which foraminifer tests contribute, and higher concentrations of 
geogenic chemical elements (controlled by grain size). On the 
contrary the coarser bottom sediments and the predominance of 
quartz, the lower concentrations of geogenic chemical elements 
and the vestigial presence of foraminifer tests, suggest the 
occurrence of a strong erosive character located in the central 
areas of SJC and RAI, and near the North Jetty. This is 
corroborated by the bathymetric analysis between 2002 and 2005 
carried out by Plecha et al. (2010).  

The continental shelf environment adjacent to the lagoon is 
subjected to highly energetic wave climate which outcomes in a 
strong southward littoral drift (Andrade et al., 2002). The 
northern breakwater protects the lagoon inlet from the 
impinging waves. However, the strong tidal currents ranging up 
to 2 m.s−1 (Vaz and Dias, 2008) introduce sediments in the 
lagoon. Evidence of this transport are the higher concentrations 
of SSC measured, for instance, during winter flood periods in 
spring tides (due to the higher intensity of the currents) 
suggesting that a significant amount of sediments are being 
imported from the ocean to the lagoon. Analysis of SPM grain 
size revealed that the sediments transported in the water column 
have essentially the dimension of silt and clay. Thus sands are 
being probably transported mostly as bed load from the ocean 
and are being trapped in some areas such as near the South jetty 
(where well sorted fine and medium sand is deposited) but 
mostly in the western side of MC (where poorly sorted fine sand 
is deposited) as suggested by the higher benthic foraminifer 
density and proportion of oceanic specimens. Deposition budget 
seems to be higher in these areas which can be considered as 
accretions’ zones as also indicated by the bathymetric studies of 
Plecha et al. (2010).  

The bottom sediments of the studied area and SPM 
mineralogical composition agree with the rivers’ basins 
geological composition (mainly schits and granitoid rocks). 
According to Teixeira (1994), sand and gravel fractions, 
estimated to be 20% of the total load, are deposited near the 
rivers mouthes located in inner lagoonal areas. Most of the 
sediment introduced in the lagoon by the rivers are silt and clay, 
which are deposited in low hydrodynamic areas such as 
intertidal flats and salt marshes. Strong tidal currents, mostly 
during spring tides and under strong wind stress, increase the 
suspended sediment concentrations along the main channels, 
due to the increase of the bottom erosion and the advective 
transport of sediments (Lopes et al., 2006). Thus the higher 
budget of sediments delivered from the lagoon to the shelf can 
be supplied by the rivers contribution during flood events or are 
remobilized from the bottom sediments by tidal re-suspension. 

CONCLUSIONS 
The spatial distribution of sediment grain sizes in the area of 

Ria de Aveiro’s mouth allows the identification of erosive (such 
as near the North Jetty) and accretion areas (near the South Jetty 
and western side of MC). SSC varies according to the climatic 
conditions (river flooding and wind stress) and depends 
significantly on the sediments availability, whose sources 
include rivers, ocean, erosion areas, comprising. for instance, 
intertidal flat, salt marshes and biological productivity. 
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