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sediment bypassing at three adjacent beaches (Norte, Prainha and Nazaré) located at the west coast of Portugal.
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Fig. 1. Nazaré coastal area location (Source: Esri basemap,
2011-03-18).
Fig. 1. Nazaré coastal area location (Source: Esri basemap,
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Fig. 2. General view of the studied beaches: Norte (upper left),
Guilhim (right) and Prainha (below left).
Fig. 2. General view of the studied beaches: Norte (upper left),
Guilhim (right) and Prainha (below left).

semi-diurnal mesotidal regime.
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The field work took place between 11th and 19th
September of 2013. During this period, at lower tide,
the Nazaré headland could easily be bypassed by
foot (Fig. 3) due to the presence of an ephemeral
beach that linked the entire Nazaré coastal system,
from Norte to Nazaré beach (Lira and Taborda,
2014), which is a very uncommon phenomenon (Fig.
4).

further processed through an autocorrelation-based
algorithm developed by Bosnic et al. (2012), based
on Barnard et al. (2007) work.

Fig. 3. Ephemeral beach linking Norte beach with Nazaré beach.
Photography taken near Nazaré headland (September, 13 th, 2013,
at 13:27 UTM).

Fig. 5. Samples location (Source: Esri basemap, Mar, 18th, 2011).

4.

RESULTS

3.1. Sediment textural variability
Results show that the D50 of the Nazaré coastal
system, considering the total analyzed images, is
highly variable, ranging from -0.17 to 2.34 φ (Table
I). The coarser sediments were found at Guilhim
beach with a mean D50 equal to 0.57 φ while the
finer ones were found on Prainha beach with a mean
of D50 of 1.16 φ. D50 was found to be higher at
Norte beach (Sep, 13th, 2013) with 0.50 φ followed,
in decreasing order, by Prainha beach (Sep, 19th,
2013) with 0.41 φ, Norte beach (Sep, 12th, 2013)
with 0.37 φ and, Guilhim beach (Sep, 13th, 2013)
with only 0.25 φ. In what concerns maxima and
minima, the coarser sediments were found on Norte
beach (Sep, 13th) and the finer ones were found on
Prainha beach (Sep, 19th) (Table I).

Fig. 4. Ephemeral beach development. Left: no ephemeral beach
south of the Nazaré headland (Source: Esri basemap, 2011-0318). Right: beach development south of the Nazaré headland
visible on the Landsat 8 image of 2013-09-24 (extracted from Lira
and Taborda, 2014).

3.

Table I. Main statistical parameters of the D50 from the analyzed
images (#s –number of samples; #i- number of images; Sedcl. –
sediment classification based on the mean values (CS=coarse
sand, MS=medium sand); Min – minimum; Max – maximum; Q1 –
first quartile; Q3 – third quartile; SD – standard deviation).
Values in Φ scale and are based on #i values.
BEACH/DATE #s #i Mean Sedcl Min Max Q1 Q3 SD

METHODS

This work is based on the digital analysis on images
from 72 sediment samples collected from the Norte,
Guilhim and Prainha beaches at 28 distinct locations
(Fig. 5). All collected samples represent the upper 1
cm (mobile) beach sediment layer. Each sediment
sample was sub-sampled three or four times and
photographed with a high resolution single-lens
reflex Nikon D800 camera. This procedure resulted
in the acquisition of 261 digital images that were

NORTE
SEP, 12th
NORTE
SEP, 13th
GUILHIM
SEP, 13th
PRAINHA
SEP, 19th
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48 165

0.87

CS 0.02 1.68 0.64 1.12 0.37
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32

0.92

CS -0.17 1.85 0.77 1.17 0.50

2

8

0.57

CS 0.26 0.84 0.35 0.79 0.25

14 56

1.16

MS 0.38 2.34 0.94 1.30 0.41
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This trend can also be clear recognized in the
analysis of the D50 box-and-whisker represented in
Fig. 6.
2.5

Median
Q3-Q1
Non-Outlier Range
Outliers

2.0

MEDIAN GRAIN SIZE ( )

At Guilhim, it was observed the development of a
swash bar, close the coast, between Guilhim sherry
and
Nazaré headland.
In
this peculiar
geomorphological setting, that persisted for only a
few days (with maximum expression on September
13th), sediment transport towards the Prainha was
temporary limited to the sand transport that took
place during overwash events at high tide (Fig. 7).

1.5

This processes is compatible with an active grain
size sorting process that explains the presence of
finer sediments on the downdrift end of the study
area (Prainha beach).

1.0

0.5

The detection of several coated sand grains at the
Prainha beach, on the dawn of September 15th, 2013,
after 60 hours of the sand tracer released, confirms
this transport pattern and sediment bypass of the
Nazaré headland (Duarte et al. 2014).

0.0

-0.5

N_B_12_SEP
G_B_13_SEP
N_B_13_SEP
P_B_19_SEP

BEACH

Fig. 6. Box-and-whisker plot of the beach sediment median
variability based on 165 digital images. N_B_12_SEP: samples
collected on September, 12 th, 2013 from Norte beach;
N_B_13_SEP: samples collected on September, 13 th, 2013 from
Norte beach; G_B_13_SEP: samples collected on September 13 th,
2013 from Guilhim Beach; P_B_19_SEP: samples collected on
September 19th, 2013 from Prainha Beach.

Using the interquartile range descriptor it is possible
to see that the coarse sand is the dominant textural
type at Norte and Guilhim beaches while at Prainha
beach the medium-sized sand prevails. Considering
the complete range of D50 values it is possible to
observe that very coarse sand is only identified at
Norte beach while fine sand occurs only at Prainha
beach.
5.

Fig. 7. Image of the wave swash motion responsible for the
sediment deposition at Guilhim beach (frame extracted from a
small video clip captured at 7:18 a.m. (UTM) of September, 12 th,
2013).

All the results presented here are in accordance with
the hypothesis that, during low energy conditions,
the Nazaré headland can act as a natural filter to the
longshore transport of coarser particles. This
behavior can be explained by the changes in incident
wave energy between the west-faced beaches, north
of Guilhim, and the south-faced beach of Prainha.
Additionally, the filter effect promoted by the swash
bar, which developed in this conditions, can also
contribute to the increase of the grain size sorting.

DISCUSSION

The main statistical parameters (mean, median and
interquartile range) of the D50 indicate a large range
of values, from very coarse sand to fine sand. This
values agree with those described in Cascalho et al.
(2012) for Norte beach. Data also show that coarse
sediments were only found at Norte beach while at
Prainha beach, located downdrift Nazaré headland,
some samples corresponds to fine sand sediments
(Table I and Fig. 6).

6.

These differences should be related with the
sediment transport processes induced by a particular
oceanographic forcing and geomorphological setting
that occurred during this experiment. Northwest low
amplitude waves (Hs < 1.5) induced a southward
longshore current at Norte beach with an average
value of 0.4 m/s (Beach to Canyon, 2013). This
current direction persisted during the entire
fieldwork and was responsible for a net longshore
drift transport in the same direction. This
oceanographic setting induced an energy gradient
along the study area, with an abrupt decrease in
transport capacity towards Prainha (south-faced
beach).

CONCLUSIONS

The computation of the sediment median grain size
using a large set of sediment digital images Guilhim
and Prainha beach reveal the existence of a high
grain size variability with a clear spatial gradient.
The distribution of the D50, on the active beach face,
shows a higher percentage of coarser particles
(coarse sand) at north of the Nazaré headland,
whereas the fine sand sediments are identified only
at Prainha beach.
Results obtained in the scope of the present work
show a grain-size selective bypassing process at
Nazaré headland that is constrained by a peculiar
oceanographic and geomorphological setting.
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