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Beach erosion and hidden guaternary deposits in Northern Portugal:
advantages of high resolution drone images for its study and mapping.

Erosion de las playas y los depasitos ciaternarios ocultos en el norte de Portugal: ventajas de las
imdagenes de aviones no tripulados de alta resolucion para su estudio y mapeo.

MA. Aranjol, ML Lopes®, M. Marques’, J. Teixeira® v A. Gomes'

1 Departamento de Geografia, Faculdade de Letras da Unirersidade do Ponte (CEGOT), mm@m;m . Atgomeslerras up ot
2 oto de Geografia, Faculdade de Letras da Universidads do Porio, umg}:’lﬂﬂ%mml;m
3 Departamento de Geoprafia, Faculdade de Letras da Universidade do Porto e Centro GeoBioTecUTALabCarpaT5SED, jateinsiralstras up.pt

Abstract: Aflinhico Beach iz located between Valadares and Francelos, 6 km to the zouth of the Douro mouth, m the
Vila Nova de Gara mumicipality (Northem Portugal). It 15 a coastal sector where beach sands and dunes generally lay
over precambrian rocks belonging to the Ossa-Morena Zone. The construction of a block protection for the submarne
exhaust of the Wastewater Treatment Plant situated 3, 7km to the North, mggered sigmficant erosion and the partal
destruchion of a restaurant at Francelos. The sequence of storms that affected the Portugnese coast in the winter of 2014
caused generalized beach erosion along Portuguese western coast. On December 30th 2014, an almost continmons and
msightfill deposit sequence was visible at Atlantico beach. On January 3, 2015 it was posaible to perform a drone flight
Th&ﬁmquaht}fufmenmtmpmdmepho{ﬂgmphs, their gmmf‘umuuganiprmalmtv{ﬁﬁ with differential
correction) allowed detalled mappmg of manne and schfluxive deposits and 1s a good conmbution to the siudy of
chmate and related sea level changes in the last 125 000 years. All this remnforces the mmportance of using drone
technology m coastal environments.

Kev words: Northern Portugal, Vila Nova de Gaia, Pleistocene, Wiirnman solifhave deposits, eennen beach

Resumen: Playa Atlanfico esta situada entre Valadares y Francelos, a 6 kan al sur de la desembocadura del Duero, en
el municipio de Vila Nova de Gaia (Norte de Porfugal). Se fraia de un secior costero donde las arenas de playa y dunas
astentan generalmente sobre rocas precambricas perfenecientes a la Zoma de Ossa -Morena. La construccion de una
proteccion para el escape submarine de la Planta de Trafomienio de Aguas Residuales situado a 3, Tim para Norte,
desencadens una dramdtica erosion v la destruccion parcial de un restaurante en Francelos. La secuencia de los
formenias que afectaron a la costa poriuguesa en el invierno de 2014 cause la evosion generalizada de las playas en la
costa occidenial porfuguesa. El 30 de diciembre de 2014, una secuencia de :a‘q:dm‘m casi confinua y bien expuesta eva
visible en la playa Atlaniico. EI 3 de enerc 2015 fue posible realizar un vuelo de avion no b'.rpu.i!adu La alta calidad del
afloramiento y las fofografias, su georreferenciacion y altimetria precisa (GPS con correccion diferencial) permite un
mapeo detallado de los dapa.m‘m marines y solifxives ¥ es una buena contribucion al esiudio de clima y del nivel del
mar en los ulfimos 125000 afios. Tedo esio refierza la imporitancia del uso de la tecnelogia de aviones no ripulades en
ENIOIMOS COSIeros.

Palabras clave: Nortfe de Portugal, Vila Nova de (Craia, Pleisioceno, depasitos solifixivos do Wiirm, playa eemiense.

INTRODUCTION The constmichion of a protection for the submanne
exhaust of the Wastewater Treatment Plant situated
Atlantico Beach 15 located between Valadares and 3,5km to the North (fig.1) inggered significant erosion
Francelos, 6 km to the south of the mowth of Dowro m and the parhal destruction of a restaurant at Francelos
the Vila Nova de Gaia mmmcipality (Northem {ﬁg 2} From this moment on, several fimes the
Portugal). eemIen-WiIMan sequences underlying beach sand and
dlnﬂhm’ﬂhﬂﬂﬂﬂﬁbl&mﬂl!mﬂﬂﬂlﬁhﬂfﬂmﬂﬂ[
From the Spamsh border to Espmmho, the Northem Praia Atlantico (fig. 1).
Portuguese coast stays on the Tbenian Massif In this
particular area the beach sands and dumes lay over The winter of 2014, with sirong storm waves that
bedrock that is included in Ossa-Morena zone. These attained the maxinmm height of 15m with maximum
rocks, mostly biotitic mmcaschists, sometimes nch m peniods of 25 seconds (data of Institute Hidrografico),
garnet, are considered as Proterozoic (Chamineé et al., created a strong stress over the already weakened

2003). beach system of the whole of the westermn coast of
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Portugal In tlus parbcular secior there was an
unexpected uncovermg of beach and dume sands along
a stretch co. 120m An almost confinuous and
msightfil underlymg deposit sequence was visible at
the south of Atlantico beach, near Francelos beach for

Geo-temas 15 155K 1576-5172

the first ttme 1n several years (fig. 3). The siuahon was
photographed at 30 December 2014 at a fide ca 33cm
bellow mean sea level.

Google earth

FIGURE 1. {roogie Earith Pro image thowing the porifion of sfudied area i relotion fo Doure etfuary.

FIGURE 2. 31 December 1998 the destruction qf the so-called
£ ,

PLEISTOCENE DEPOSITS

Oherlaymng the neoproterozoic micaschists of the
Lourosa umit (Chaminé &f al, 2003) a manne deposit
could be seen (fig. 3). This formation corresponds to an
ron-cuirassed conglomerate that 1s typical of the last
inferglacial manne deposits along this coastlne
(Aragjo ef al, 2003). We have already a TL age
(Arajo et al, 2010) that pomts fo an Esmmen age.

On this eemuen beach a mmd-silty formafion that
hsbammmda‘edammmmhﬂlmmdqmmt

(Arago 1991) appears in two different aspects: the

oE

lower one has a color and typically has nmd
cracks on its top (figs. 3 and 4). Upon 1t lies a more
compact and hardened sohfhpove formation The
confrast in resistance of the two layers creates a micro-
chif which 1s quate visible in figures 3 and 5.

FIGUERE 3. Fiew of the Atldnrico beach ouicrop (300122004
1- Precambrian micaschizt; 2- Eemien beach; 3- Soeliffecive Lyyer
with mud cracks: 4- hardemed rap of the soliffucive loyer

These kinds of sequences appear somefimes m
these coastal areas. The construction of a detached
breakwater m 2002, another 3.6km to the south of this
spot, had shown an even more interesting sequence of
Pleistocene-Holocene deposits (Aramjo ef al , 2010).
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METHODOLOGY: USE OF THE DRONE

The appearance of these outcrops s ¢
. So, we camied out a flight that took place
ﬂ}eith]mmy?l}iﬁ The drone photographed the area
with a lu camera. The were

referenced by the drone mechamism and the results
were processed with the data obtained with a Leica
SE20 GPS with differenfial comection.

FIGURE 4. The fossil mud-cracks on the rop of te lower layer af the
soljfiecive deposit

The good oufcrops that show last inferglacial
manne deposits and detaled sobfluxive wiimmen
sequences are a good conimbubon to the study of
climate and related sea level chanpes m the last
125,000 years.

The fine quahty of this outcrop and the
photographs, with geo-referencing and precise

I allowed a detailed wview of the deposiis
mderlymg beach and dime sands.

We think that some of these eenmen beaches appear
at different levels along this coastline (Aramjo, 2008).
So, this precise remsitation and mappmg mught be a
key to umderstand eveniual neotectome movements.

Not surprisingly, less than four days after our first
visit, there was already some accummilation of beach
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sand upon the lower part of the sequence, and the fossil
beach 15 barely seen on the drone pichures.

Hmm,ﬂmam!hﬂ:hﬁ:ﬁﬁmufﬂmphut&s,ﬂm
correct and the defimtion of is
orthometric heights allowed a precise mappmg of
different layers. This 15 very relevant for buldmg a
database that may correlate these kands of outcrops, as
they appear quite randomly mn fime and space.
CONCLUSIONS

The use of a “drone” compared with other data
acqusihon techmoues 15 very advantageous as it 1s a
low cost procedure and the tme requred for data
collection and processing is reduced The collected
data can be on sife, allowing mmediate
visuahizahon of results and emror correchion through the
repetition of flights.

All thus reinforces the mmportance of uwsing
technology in coastal environments due to the ntense
dynamism of these areas and the necessity of catcling
good photographs for the comstruction of reliable and

drone

Iam towards my “old” friend T ucinda
5a that discovered this and told me about 1t.
Without her help this ephemeral view would never be
registered.

I daepl],r thank nay fmmﬂ Palmla Matlack Klein
Tevision

whose support, competent and
m:;rnmdﬂ]equahtyanilegihﬂ]tyufthlspapﬁ

We also acknowledge gra the reviewer from
the Scienhfic CMssmn of the Jowmeys for
improving the quality of the paper.

FIGURE 3. 3D view oliamed with the drome flight. The metamorphic bedrock appears on the lgft
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FEGURE 8. The kind of derail: provided By the drone picnures. The hardened top af the soljflucion coverture corresponds o the one on figure 3. The
iower area (gt is a lgyer marked by mud cracks alse visibie ar flg. 4.
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