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Beach erosion and hidden quaternary deposits in Northern Portugal: 
advantages of high resolution dt·one images for its study and mapping. 

Erosio11 de las playas y los depositos c11ater11arios oc11ltos e11el11orte de Portugal: ,.e11tajas de las 
i111tige11es de avio11es 110 trip11lados tie a/ta resol11ci611 para s11 estutlio y mapeo. 

~LA. Araujo1, ~1 L>pes', ~L Mal'ques', J. Tmeira' y A. Gomes1 

1 Depanameoto de Geografia. Fac:uldade de Leaas da Ullinrsidade do Pono (CE.GOT). asm.ujoftlettas...up.pc: &t!!omes@leaas.up.pr 
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Abstract: Atlintico Beach is located between Valadares and FraJJCe!os, 6 km to the south of the Douro mouth, in the 
Vila No\>a de Gaia municipality (Northern Portugal). It is a coastal sector where beach sands and dunes generally Jay 
o;>er precambrian rocks belonging to the Ossa-Morena Zone. The construction of a block protection for the submarine 
exhaust of the Wastewater Trea1ment Plant situated 3,7km to the North, triggered significant erosion aJJd the partial 
destruction of a restaurant at Francelos. The sequence of stoans that affected the Portuguese coast in the \\inter of 2014 
caused genmliwl beach erosion along Portuguese ""stem coast. On December 30th, 2014, an almost contimious aJJd 
insightful deposit sequence was \<isible at Atl3nfico beach. On January 3, 2015 it was possiole to perfonna drone tlight. 
The fine quality of the outcrop aJJd the photographs, theu geo-referencing and precise altimetry (GPS with diffuentiaJ 
coirection) allowed detailed mapping of marine aJJd solifluxive deposits aJJd is a good contno ution to the study of 
climate and related sea le\<el changes in the last 125,000 years. All this reinforces the importance of using drone 
technology in coastal envirolllllellts. 

Kty wo1·ds: Northern Portugal, Vila Nova de Gaia, Pleistocene, Wfumian soli.fluxive deposits, eemien beach. 

Resumeii: Playa Atltintico esta situada entre Va/adores y Francelos, a 6 km al sur de la desembocadura del Duero, en 
el municipio de Vila Nova de Gaia (Norte de Porluga(i.Se trata de un sector costero donde las arenas de playa y du11as 
asie.ntan generalmente sobre rocas predonbricas pertenec,ientes a la Zona de Ossa -More11a. IA c.onstrucci6n de w1a 
protec.d611 para el escape submarino de la Plan ta de T ratmnienio de Aguas Residual es situado a 3, 7km para Norte, 
desencadenO 111>0 dramtiiica erosiOn )' I.a destJUcciOn parcial de w1 restauranJe en Franc.elos. La. secueitci.a de las 
ionnentas que afectaron a la costa pori11g11esa en el inviemo de 2014 cmtso la erosion generolizada de las playas e11 la 
costa occidental poriuguesa. EI 30 de diciembre de 2014, una secue,,,;ia de dep6siios cast continua y bien e:qmesta era 
visible en la playa Ailm1tico. El 3 de e11ero 2015 fae posible realizar WI vuelo de avion no tripulado. La alta calidad de/ 
ajloramitmto y las fotograjias, su grorreferenciacion y altimetria precisa (GPS con com1ccion difere11cial) pennite u11 
mapeo detail.ado de los dep6sitos martno.s y solifluxivos yes una buena contribucion al estudio de clima y del niwl del 
mar en los Ultimos 125000 mios. T odo esto refaerza la imporiancia del uso de la tecnologia de a>'iones 110 tripulado.s en 
entomru costeros. 

Palab!'a.< clan: Norte de Poriuga~ Vila Nova de Gaia, Pleistoceno, dep6sitos solijluxi>'Os do WJlnn, play a eemiense. 

INTRODUCTION 

Atlfuitico Beach is located between Valadares and 
FraJJCe!os, 6 km to the south of the lllDUth of Douro in 
the Vila Nova de Gaia municipality (Northern 
Portugal). 

From the Spanish border to Espinho, the Northem 
Portuguese coast stays on the Iberian Massif In this 
particttlar area the beach sands aJJd dunes Jay over 
bedrock that is included in Ossa-Morem zone. These 
rocks, mostly biotitic micaschists, sometimes rich in 
garnet, are considered as Proterozoic (Chamine et al., 
2003). 

97 

The construction of a protection for the submarine. 
exhaust of the Wastewater Treatmeol Plant situated 
3,5km to the North (fig. I) triggered significant erosion 
aJJd the partial destmc.tion of a restaurant at Francelos 
(fig. 2). From this mo=t on, several times the 
eemien-\viumian sequences \mderl}fog beach sand aJJd 
dunes have been 'isible in the area south of the Bar 
Praia Atl3nfico (fig. 1). 

The winter of 2014, wi1h strong storm waves that 
attained the ma.'<ilmun height of 15m with maximum 
periods of 25 seconds (data of lnstituto Hidrogr3fico), 
created a strong stress o''"' the already ""akened 
beach system of the whole of the \\'estem coast of 
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Portugltl. In this particular sector there was an 
1mexpected UDCovering of beach and chme sands along 
a stretch ca. 120m. An almost continuous and 
insightful 1mderlying deposit sequence was visil>le at 
the south of Atlantico beach, near Francelos beach for 

FIGURE 2. 31 ~(.f'lfl'MT 1998: rh• dosrrtJC.tion of tM SO-(:Olied 
'"numic" r1Staurtm.r. 

PLEISIOCENE DEPOSITS 

01.'el!aying the neoproterozoic micaschists of the 
Lourosa ullit (Chanrine et al., 2003) a marine deposit 
could be seen (fig. 3). This formation corresponds to an 
iron-cuirassed conglomerate that is typical of the last 
inteiglacial marine deposils along this coastline 
(Aratijo et al., 2003). We have already a TL age 
(Aratijo et al., 2010) that poinls lo an Eallien age. 

On this eemien beach a mud-silty formation that 
has been considered a wiirmien solif!uxi\>e deposit 
(Aratijo 1991) appears in two different aspects: the 
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the first time in several years (fig. 3). The situation was 
photographed al 30 December 2014 at a tide ca 33cm 
bellow me.an sea le'\/-el. 

lower one has a yellowish color and typically has mud 
cracks on ils top (figs. 3 and 4). Upon it ties a more 
compact and hardened solif!uxi\>e follllation. The 
contrast in resistance of the t\\10 layers creates a micro­
cliff, which is quite \<isiole in figures 3 and 5. 

FIGURE 3. YiA' qf tk• .l!Jttntlc.obexh ou.rrop (1011111014). 
l · Prtta:mbrian Micaschist; 1· £et.fen b«leh; J-Sofi/fu:ti\•• k:G'" 
'M'ith 1111.td cracks; 4- barthnfd trJp ofrh• sol(f'fuxfl;• jay.fr 

These kinds of sequences appear sometimes in 
these coastal areas. The construction of a detached 
breakwater in 2002, another 3,61.:m lo the south of this 
spot, had shown an even more interesting sequence of 
Pleistocene-Holocene deposit; (Aratijo et al, 2010). 
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METHODOLOGY: USE OF THE DRONE 

The appearance of these outcrops is commonly 
ephemeral. So, we caJiied rut a flight that took place 
the 3th January 2015. The drone photographed the area 
with a high-resolution camera. The photos were geo­
referenced by the drone mecliatrism and the results 
w..-e processed "'ith the data obtained mth a Leica 
SR20 GPS with differenlial correction. 

FIGURE. 4. TMfbssiJ wn .. d-<racb on tM top qf til1 l~'IT l<Q'#T q/t.M 
so'l.fftuti\• d4'posit 

The good outcrops that show last interglacial 
marine deposits and detailed solifluxi,•e wiilmien 
seqtiences are a good contnbution to the study of 
climate and related sea le\'el changes in the last 
125,000 years. 

The fuJe quality of this outcrop and the 
photographs, with geo-refereicing and precise 
altimetry allowed a detailed 'iew of the deposits 
\Dlderlying beach and d\Dle sands. 

\Ve think that some of these eemien beaches appear 
at different le\'els along this coastline (AraUjo, 2008). 
So, this precise registration and mapping might be a 
key to understand e\etual neotectoni.c movements. 

Not SU!prisingly, less than four days after our fust 
visi~ tbere v;as already some aOCUDlll!afion of beach 

99 

Gco·km;$15 ISSN 1576-5172 

sand upon the lower part of the sequence, and the fossil 
beach is barely seen on the drone pictures. 

However, the excellent definition of the photos, the 
correct geo-referencing and the definition of its 
orthometric heights allowed a precise mapping of 
different la}'eTS. This is '""Y relevant for building a 
database that may correlate these l:inds of ootcrops, as 
Ibey appear quite randomly in time and space. 

CONCLUSIONS 

The use of a "drone" compared mth other data 
acqttisition techniqt1es is very ad\iantageous as it is a 
low cost procedure and the time required for data 
collection and processing is reduced. The collected 
data can be processed on site, allomng immediate 
visualization of resulfs alld error correction through the 
repetition of flights. 

All this reinforces the importance of using drone 
teclmology in coastal environments due to the intense 
dynamism of these areas and the necessity of catching 
good photographs for the construction of reliable and 
detailed maps. 
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