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A B S T R A C T

Storms can alter the beach shape, relocating large volumes of sediments and generating drastic changes in the
coastline. In the last 60 years, beaches shoreline behaviour has been different even though the energy of the
waves was similar. Therefore, it is necessary to understand the factors that affect the sandy coasts for better
future management. In this research, two beaches, with different erosion rate, located in the southeast of Spain
(separated by only 40 km of distance) have been studied. The beaches: i) have similar orientations, ii) are open
to waves with similar sand lengths of 9.8 km and 6.6km, and iii) have similar median sediment size (D50).

For its study, shoreline evolution has been analysed from 1956 to 2017. From the results obtained, it can
be seen that: i) Between 1992 and 2017, San Juan just lost 3% of its surface, while in the previous period
(1956–1990) it was 50%, and ii) Guardamar surface lost in 1992–2017 was 18%, and in the previous pe-
riod it was 14%. For the analysis of the agents involved in both beaches, cross-shore profiles (volume), ma-
rine climate, biocenosis and sedimentology studies were carried out. The results showed that the energy on
both beaches was very similar. The biocenosis had not changed and, however, the morphology of Guardamar
seabed had increased to 1m deep in some places, which had caused part of the beach berm erosion. Fur-
thermore, important differences were found from the sedimentological study, concluding that the content of
calcites and the degree of homogeneity of the particles are the real factors that caused these two beaches to
behave differently against erosion.

© 2017.

1. Introduction

Throughout the world, coastal areas are highly productive. How-
ever, they are threatened by erosion, anthropogenic activities, etc.
(EEA_EropeanEnvironmentalAgency, 2006), since there are areas in
which the population tends to concentrate, as they are favourable for
the development for human activities, which increases the potential
for anthropogenic and natural damage (Ballesteros et al., 2018). A
consequence of this human activity is the increasing construction of
channels, or the rivers regulation, which have altered the natural dy-
namics of the coasts as a result of sediment retention or the lack of
erosion of river basins, which have generated erosion problems around
the world (Anthony et al., 2014; De Leo et al., 2017; Syvitski et al.,
2009; Syvitski and Saito, 2007). Coastal erosion is therefore becom-
ing a problem of increasing intensity (Marchand, 2010).

The increasing use of the coastal zone makes it necessary to un-
derstand coastal processes and the evolution of the shoreline. Only
in Europe, it is estimated that around 20,000km of coastline, ac-
counting for 20% of its entire length, has coastal erosion problems
(EC_EuropeanCommission, 2004). These areas are particularly vul-
nerable to both human-induced change and the effects of global warm-
ing (Nováčková and Tol, 2018). In this context, it is essential to
have a thorough knowledge of the factors and processes involved in
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the coastal geomorphological system (Kumar et al., 2006), as well as
to investigate strategies for mitigating and/or adapting to global ero-
sion problems (Anthony, 2015; Syvitski et al., 2005), and the future
consequences of sea level rise (Payo et al., 2016; Spencer et al., 2016).

The factors that influence the functioning of a beach are of dif-
ferent nature: on the one hand, there are the parameters that depend
on the anthropogenic action that exists in the area, (Aragonés et al.,
2015; Aragonés et al., 2016a; Pagán et al., 2016) and on the other
hand, natural factors such as morphology, mineralogical composition
of sediments or the maritime climate (López et al., 2016a; López et al.,
2016b; Marcomini and López, 1997; Roberts et al., 1998).

One of the natural factors is grain size, a fundamental property
of sediment particles, which affects their dragging, transport and de-
position. Therefore, grain size analysis provides important clues for
sediment source, transport history and deposition conditions (Bui et
al., 1989; Guillén and Hoekstra, 1996). It is also important to know
the characteristics of the material used in beach nourishment, since
every time a modification of the natural sediment is made, there are
a change in the sedimentology of the beaches (Marcomini and López,
1997; Pagán et al., 2018). The successive constructions carried out
on the coastline have altered coastal dynamics (Newton et al., 2012;
Pagán et al., 2017), producing an irregular cross-shore distribution
in the sediments size (Bayram et al., 2001). Many authors such as
Demarest and Kraft (1987) relate the movements of the shoreline to
the movement of sediments above the off-shore depth. On-shore, the

https://doi.org/10.1016/j.scitotenv.2018.04.037
0048-9697/ © 2017.
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sediment particles are relocated within the cross-shore profile, while
those that exceed the depth of closure (DoC) will not return to the
beach (Aragonés et al., 2017b; Hallermeier, 1978; Hallermeier, 1980).
However, others authors such as López et al. (2016a) demonstrate that
the movement of the shoreline is due (among others) to the sediments
wear, which experience at least three different erosion phenomena.
These phenomena are: i) collision of suspended particles, causing a
process of wear and sediment reduction; ii) dissolution of the carbon-
ate fraction of the sample; and iii) rupture and separation between the
mineral fraction and the carbonate fraction that initially formed the
sediment. These three phenomena, which act together, lead to an al-
teration in the composition of the sand, and a decrease in the particle
size with its corresponding cross-shore movement seaward. Another
factor to be taken into account is the fragile union that conforms the
particles, which makes it rapidly diminish the particle size, and conse-
quently a retreat of the shoreline is produced (Pagán et al., 2018).

The maritime climate is another aspect that influences the shore-
line evolution. Depending on the amount of energy released when the
waves break, there are alterations of greater or lesser magnitude on
any coastal sector. However, the magnitude and speed of change for a
given wave energy will depend on the type of material on which it is
produced (Pardo and Sanjaume, 2001).

The various natural factors mentioned above cause the shoreline to
be in continuous movement. Emery (1961) developed a beach profil-
ing methodology to measure short-term shore position changes over
a 13-month period. However, in order to study the long-term histori-
cal evolution of the shoreline, it is necessary to have access to numer-
ous databases, basically maps and historical nautical charts, in most
cases with very limited reliability, and aerial photographs (Fenster et
al., 1993). The latter provide greater and more reliable results, but
their application is restricted to the last decades, making aerial pho-
tography the most used document for the calculation of erosion and/or
accretion rates (Baily and Nowell, 1996; Jiménez et al., 1997; Ojeda
et al., 2013). The use of aerial photographs taken in different years
allows a quantitative comparison of the evolution of the shoreline in
different areas. This allows establishing numerical trends, to estimate
sedimentary movements or to evaluate the consequences of human
actions (Anders and Byrness, 1991). In recent years, this technique
has been perfected using digitally restored orthorecapitalized frames,
which considerably reduces possible errors caused by the displace-
ment of stereoscopic images (Moore and Griggs, 2002; Ojeda et al.,
2002).

The study of the evolution of the shoreline is useful to estab-
lish a record of shoreline fluctuations and understand how the beach
evolves and responds to environmental conditions (Norcross et al.,
2002). However, there may be anthropogenic factors that modify the
cross-shore profile of the beach by modifying its volume and not its
surface, which can lead to significant errors in controlling the evolu-
tion of the shoreline from surfaces obtained from orthophotos. For that
reason, in this work, both surface variations and the volume lost on the
beach are analysed, in order to find out why two beaches with similar
orientations, the same size of sediment and energy, present different
shoreline evolution.

2. Study area

The present work focuses on two beaches located in the south-
east of Spain, on the Mediterranean coast. These beaches are: i) the
beach of San Juan-Muchavista located about 7km northwest of the
city of Alicante. It is a sandy beach that exceeds 100m wide in several
points, and whose total length is 6.6km. It is located between Cabo de
las Huertas (Alicante) to the south and Cabo Azul (Campello) to the
north, maintaining a north-south orientation.

San Juan beach has a total length of 6582m and an average width
of 80m, reaching a maximum of 130m. Its total area is 53.3ha. It
is an open beach with grey sand, and its median sediment size is
0.24mm (average of 10 samples taken in 2014 by the University of
Alicante). A massive regeneration was carried out on this beach be-
tween 1990 and 1991 with 4.284.324m3 of sand from Sierra Helada.

ii) The other study beaches are Viveros, Babilonia Centro, La
Roqueta, Moncayo, El Campo and Les Ortigues, all located in the mu-
nicipality of Guardamar del Segura, in the southeast of the province of
Alicante. It borders at its northern end with the mouth of the Segura
River, and limits to the south with the Canal de la Mata. This beach
has a length of 9.9km and an average width of 59m, reaching a maxi-
mum of 121m. Its total area is 23.4ha. It is an open beach with golden
sand, and its median sediment size is 0.271mm (21 samples analysed
by the University of Alicante). The actions carried out on this beach
can be seen in Table 1.

In the area studied, tides have little relevance, with oscillations
due to atmospheric pressure being even more important than tides
themselves, with the value of astronomical tides being around 0.3m,
whereas meteorological tides can reach values of up to 0.45m (http://
www.puertos.es, and (Ecolevante, 2006)) (Fig. 1).

3. Methodology

For the study of the behaviour of the beaches, the following
process was followed: i) study of the shoreline evolution; ii) analysis
of the cross-shore profile (volume); iii) study of the maritime climate;
iv) study of biocenosis; and v) sedimentological study (accelerated
particle wear, X-ray diffraction and scanning electron microscopy).

3.1. Shoreline evolution

In order to obtain an analysis of the behaviour of the coastline
before and after the different anthropogenic actions, the method de-
scribed by Pagán et al. (2016); Pagán et al. (2017) was used. From the
vectorization of the shoreline from aerial images (1956, 1977, 1981,
1986, 1990, 1992, 1994, 1996, 1998) or orthophotos (years 2000,
2002, 2005, 2007, 2009, 2012, 2014 and 2017) the shoreline evolution
was obtained. For a better analysis and interpretation of the data, the
periods were divided into time intervals 1956–1990 and 1992–2017.
These periods were chosen due to the fact that on both beaches an-
thropic actions were carried out between the years 1990–1991. In
Guardamar, breakwaters of the mouth of the Segura River were con-
structed, which cut off the longitudinal transport of sediments (Pagán
et al., 2017), and 250,000m3 were dumped on the beaches of Viveros
and Centro. During the same period, San Juan beach was nourished
with >4.2million m3 of sand, which meant an increase in the beach
surface area of 375,000m2, and a change in the type of sediment.

Table 1
Summary of the actions carried out on the study beaches.

Period Guardamar San Juan/Muchavista

Action Consequence Action Consequence

1986–1992 Canalization of
the Segura
River

Sediment
longitudinal
transport cut

– –

1990–1992 Dumping of
250,000m3 in
Viveros and
Centro

Increase of
15,000m2 in Centro
beach and
14,000m2 in
Viveros

Dumping of
4,284,324m3

of sand

Increase of
374,918 m2

of surface

1996–1998 Construction of
the marina of
Guardamar

Retention of
sediments in its
interior

– –
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Fig. 1. a) Location of the study area in the SE of Spain. b) Location of study areas and SIMAR nodes. c) San Juan Beach-Muchavista and medium flow (MF). d) Guardamar del
Segura beach and medium flow (MF).

3.2. Cross-shore profile (volumes)

For cross-shore profiling, a GPS system with GNSS correction in
RTK (Real Time Kinematic) was used. The kinematic survey in real
time consists of obtaining coordinates with centimetre precision. The
use of the icverva.icv.gva.es network as a real-time active geodesic
GNSS network provides the connection for real-time positioning with
2mm ± 1ppm accuracy on XYZ, in the UTM ETRS89 time zone 30N
coordinate system. The field support work was carried out in a cam-
paign that lasted from November 2006 to July 2017.

3.3. Maritime climate

Wave data (Hmax (maximum height) and Hs,12 (height exceeded
12h per year), the period (T), direction and probability of occur-
rence) were obtained from the SIMAR data from Puertos del Estado.
In this case, the method chosen was that described by Pagán et al.
(2017). These data are obtained from numerical models with data from
59years of wind (1958–2017), being one of the most complete data-
bases in the Mediterranean Sea (Infantes et al., 2009).

On the other hand, in order to obtain the depth of closure or lower
limit of the equilibrium profile (DoC), the methodology described by
Aragonés et al. (2017b) was used. DoC is obtained from the change in
the trend of the median sediment size (D50) in the cross-shore profile,
and IDW interpolation tool. The objective of obtaining the DoC is to
study the usual movement of sediments in the cross-shore profile. Sed-
imentological data needed to obtain the DoC and morphological data
were obtained from the Provincial Coastal Service of Alicante (Public
Organism).

3.4. Study of biocenosis

Following the Pagán et al. (2017) method and using ArcGIS tool,
the surfaces of the marine phanerogamy were obtained before and af-
ter San Juan nourishment (1990–1992). In Guardamar we have relied
on the work done by Pagán et al. (2017) in the same area of study.
Data were obtained from the campaign of November 1989, “Estudio
Geofisico Marino de Alicante”, and from a 1990 map of the beaches
of San Juan and Muchavista (provided by the Institute of Marine Sci-
ences, University of Alicante to scale 1:1000) in which the situation
of the Posidonia oceanica meadow is available. The 1989 data col

lection equipment consisted of a Maxiran radio positioning system,
with frequency band from 420 to 450MHz for bathymetry and a Klein
side-beam pulse sonar with frequencies of 100kHz for morphology.
The 2006 campaign is the Ecocartographic Study of the Provinces
of Alicante and Valencia, (Ecolevante, 2006) whose objective was
to have a complete knowledge of the entire Mediterranean coast. A
multibeam probe system, wave compensator, gyroscopic, sound ve-
locity meter, satellite corrected differential GPS and other auxiliary el-
ements were used to carry it out.

3.5. Sedimentology study

For this study, it was necessary to be able to simulate the behav-
iour that sand particles suffer in the beach breakwater area, and its
influence on the possible dissolution of carbonates, as well as on the
decrease in D50 of the sample. The accelerated particle wear test pro-
posed by López et al. (2016a) was used for this purpose. In this test,
75g of beach sand sample and 500ml of seawater from the study area
were poured into a magnetic stirrer at 1600 rpm in 24-hour cycles.
After each test cycle, sand sample granulometry (UNE 103101:1995,
UNE 7050-2 and UNE 103100) and water calcimetry were performed
using Bernard's calcimeter method (UNE 103200-93).

Scanning Electron Microscopy (SEM) was used to perform an el-
emental and morphological analysis of sediments. This technique al-
lows us to obtain images of the sample, as well as its elementary com-
position and possible changes (Melgarejo et al., 2010). Thus, the mi-
crostructure and morphology of particles with their possible fracture
faces and heterogeneity can be known. For the preparation of the SEM
samples, clean grease and moisture-free particles were placed in the
circular surface sample holder using carbon tape to bond them. It has
not been necessary to cover them with a metal film (gold sputter-
ing generally), since the equipment has the variable pressure working
mode for observation of non-conductive samples.

Images obtained under the scanning electron microscope corre-
spond to secondary electrons or backscattered electrons emitted af-
ter interaction with the sample of an incident beam of between 5 and
30kV. The equipment is of the Hitachi brand S3000N model with
thermoionic electron gun, has a Bruker X-ray detector model XFlash
3001 for microanalysis (EDS) and mapping. X-rays generated in a
sample under electronic bombardment make it possible to identify the
elements present and establish their concentration. This technique was
carried out before the magnetic stirrer test.



UN
CO

RR
EC

TE
D

PR
OO

F

4 Science of the Total Environment xxx (2018) xxx-xxx

In order to determine the mineralogical composition of the sand
samples, and thus to know the mineralogical phases present in the
different sands studied, a Bruker D8-Advance diffractometer with
Göebel mirror was obtained by means of XRD for the analysis of
powder samples. The samples were ground in a ball mill at a size of
<0.063mm and the analysis was performed at an acceleration voltage
of 40Kv and 40mA current. The angular sweep (2-Theta) on all sam-
ples was 4 to 60°.

A Rietveld analysis was performed with PANalytical Highscore
Plus 4.6 software to quantify the phases present in the samples. The
background was manually adjusted; the scaling factor, cell parameters
and peak parameter were refined.

4. Results and discussion

Following the proposed methodology, shoreline evolution was ob-
tained, taking into account that beach nourishment were carried out
in both San Juan and Guardamar during the period analysed (Table
1). Based on this data and in view of these results, a different behav-
iour was observed in the shoreline evolution. According to Fig. 2, af-
ter the nourishment of San Juan and the consequent change in sedi-
ment typology, the loss of surface area in the period 1992–2017 was
13,121m2 (3%), while the loss in the previous period (1956–1990)
was 114,801m2 (50%). However, in Guardamar the loss in 1992–2017
is 101,189m2 (18%), and in the previous period it was 79,406 m2

(14%). This small difference in Guardamar may be due to the cut
of the longitudinal transport of the beaches north of Viveros, as a
consequence of the construction of the jetty made at the mouth of

the Segura River in 1990 (Pagán et al., 2017). However, if both
beaches are analysed longitudinally, it is observed that in the northern-
most beaches (Viveros and Babilonia), the loss of surface area is 46%
and 89% respectively, while the southernmost beaches are the least af-
fected, with an average loss of 7.36% (Fig. 2). In San Juan, after nour-
ishment, the average surface area is very similar in all its length (San
Juan and Muchavista) in the period analysed.

As can be seen in Table 2, the beach widths on both beaches be-
tween the different periods studied are statistically different (the re-
sults of Tukey's HSD analysis can be seen in supplementary ma-
terial 2). Prior to the 1990–1991 actions, Guardamar and San Juan
showed similar behaviour between them. However, after the interven-
tions Guardamar continues to behave in a similar way, while San Juan
behaves completely differently from the previous period (Table 2).
When analysing erosion rates, the statistics indicate that Guardamar's
behaviour is similar in both periods, although it is observed that
Guardamar goes from being practically stable in the first period
(LRRR 0.01m/yr) to an erosion state with an LRR of −0.18m/yr.
However, in San Juan, the opposite occurs; it goes from a strong ero-
sion (LRR of −0.87m/yr) to a certain stability even with surface gain
(LRRR of 0.22m/yr), being the behaviour in both periods statistically
different (p-value < 0.05).

Likewise, on many beaches the wave affects the dune-beach sys-
tem (Dissanayake et al., 2015), as is the case of Guardamar (Fig. 3a).
As noted by Pagán et al. (2017) in the same study area, this impor-
tant surface decrease in the northern zone could have been greater if
the swell had not encountered obstacles such as: the dune at Viveros
beach or the houses within the Maritime Terrestrial Public Domain

Fig. 2. Shoreline evolution and beach surface of the study areas. a) Guardamar 1956–1990. b) Guardamar 1992–2017. c) San Juan-Muchavista 1956–1990. d) San Juan-Muchavista
1992–2017.
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Table 2
Statistical description of the evolution of the shoreline in the studied periods. LRR is the
linear regression rate of change, EPR is the end point rate, and NSM is the net shoreline
movement. Positive EPR and LRR values represent shoreline movement toward the sea
(rate of accretion), whereas negative values represent erosion. Different letters (a, b, c)
in the same column indicate statistical differences (p-value < 0.05).

Period
Average
width (m)

LRR
(m/yr) R2

EPR
(m/yr)

NSM
(m) NSM %

Guardamar 1956–1990 56.4± 6.3ab 0.01a 0.0001 −0.15 −5 −8%
1992–2017 67.6± 5.8a −0.18a 0.0629 −0.33 −8 −12%

San Juan 1956–1990 46.6± 16.5b −0.87b 0.3695 −1.12 −38 −51.3%
1992–2017 103.0± 4.9c 0.22c 0.1300 0.22 5 5.5%

(MTPD) in Babylon. Anthropic modifications may also occur, as can
be seen in San Juan (Fig. 3c) the loss is distributed throughout the en-
tire beach, although in some areas it is observed how the material ac-
cumulates the intermediate zone of the beach, possibly due to the ex-
istence of palm trees. For this reason, for the real analysis of sediment
loss, cross-shore profiles were taken on both beaches in order to mea-
sure the volume of sand lost between the periods 2009–2017. From
the results (Fig. 3), it can be see that Guardamar has lost 93,659 m3

and San Juan 60,816m3 of sand. From the analysis of both volumes is
known: i) in Guardamar the lost volume, as well as its surface, is pro-
duced mainly on the beaches of Viveros and Babilonia; ii) in San Juan
it is possible that part of that lost volume has been artificially poured
to maintain the beach surface. All this data is providing information
that requires a thorough analysis of the causes of this different evolu-
tion, in order to ensure that future nourishments be more stable over
time.

According to several authors, one of the main factors influenc-
ing the shoreline evolution is wave energy (Bakhtyar et al., 2009;
Yoshikawa and Nemoto, 2010). San Juan and Guardamar are beaches
that have a similar orientation (96.1° N Guardamar and 94.5° N San
Juan). However, the small difference between mean flow and
Guardamar orientation (94.9° MF vs. 96.1° orientation), according to
Pagán et al. (2018), generates a certain tendency to rotate becoming
perpendicular to the mean flow. Therefore, as shown in Fig. 2, the

southernmost zone of Guardamar has a certain stability on its surface
(thanks to the longitudinal transport) and yet in San Juan the high-
est rates of erosion (although small) are found near Huertas Cape, due
to the currents produced by the diffraction of the waves in it. There-
fore, it can be said that the swell produces a generally cross-shore sed-
iment transport. If observed, the wave heights, periods and mean flow
of both beaches are similar (Table 3), but the evolution of their sur-
face is different. This is why, although energy is a determining factor
in the erosion of the particles that make up the beach sand (López et
al., 2016b), it does not influence the evolution of both beaches in the
same way, nor between periods (as is the case of San Juan beach).

One factor related to the energy entering the beach is the pres-
ence of Posidonia oceanica meadows. On one hand it reduces the en-
ergy entering the beach, and on the other hand it stabilizes the profile,
as a consequence of the density beams, stem height and the depth at
which it is situated (Aragonés et al., 2017a; Koftis and Prinos, 2011;
Prinos et al., 2010). In addition, its burial due to the beach nourish-
ments can destabilize the profile causing great retreats of the shore-
line (Aragonés et al., 2015; Pagán et al., 2016). Therefore, it is nec-
essary to take into account whether the posidonia surface has changed
and the transverse profile of the area studied before and after nour-
ishment. Fig. 4 shows that in San Juan (the only area with Posido-
nia oceanica) the surface in both periods has not changed. And in
Guardamar according to the studies carried out by Pagán et al. (2017)
it is noted that there has been an increase in the area of plant species
between 1989 and 2006 from only two species in 1989 to six in 2006.
However, an increase of approximately 1m in depth has been detected
in the area around the mouth of the Segura River (Viveros beach)
between those same years. The beach surface lost due to the lower-
ing of the seabed has been estimated using the equilibrium profile
method proposed by Aragonés et al. (2016b) with a value of approxi-
mately 51.4% (Fig. 5). Regarding the analysis of the cross-shore pro-
file on both beaches, the 1992–2017 period has been studied in or-
der to achieve this, the depth of closure has been obtained from the
method proposed by Aragonés et al. (2017b). The results show that
the DoC is very similar on both beaches with values of −5.6/−5.3m
and with slopes of 0.0135/0.0141 in San Juan and −5.03m and

Fig. 3. a) Guardamar Dune eroded by wave action. b) Cross-shore profiles G2 and G3 of 2009 and 2017 using for measured the volume in Guardamar. c) Loss of sand in the upper
part of the beach, exposing the roots of the palm trees. d) Cross-shore profiles SJ8 and SJ9 of 2009 and 2017 using for measured the volume in San Juan-Muchavista.
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Table 3
Wave heights, periods corresponding to the mean flow (MF) in deep water and the depth
of closure (DoC) for each of the study periods.

San Juan Guardamar

1956–1990 1992–2017 1956–1990 1992–2017

Deep water MF (°) 96.2 95.8 90.9 93.0
Hs,12 (m) 2.20 2.20 2.40 2.17
Tp (s) 9.6 10.2 9.0 8.7

DoC MF (°) 95.3 94.9 93.5 94.2
Hs,12 (m) 2.50 2.56 2.78 2.52
Tp (s) 10.3 10.9 10.1 9.8

0.0137 of slope in Guardamar, which confirms the previously indi-
cated that the incident energy is practically the same on both beaches
(Fig. 4).

When coastal engineers calculate the volume needed for a beach
nourishment, they usually use the equilibrium profile which, accord-
ing to various authors, depends on the energy, sediment fall velocity,
D50 or specific gravity of the sediment (Dean, 1991; Romańczyk et
al., 2005). However, in this study, when analysing the energy it is ob-
served that this is similar in both beaches, and also when analysing
the sediment it is observed that its median sediment size is similar
(0.249 mm in Guardamar vs. 0.220mm in San Juan, Fig. 6), so what
differences justify the different shoreline evolution in both beaches?.

The studies carried out on sediment wear by López et al. (2016a)
show that two sand samples with similar sizes can decrease in size
differently from accelerated particle wear testing. These authors con-
clude that particle shock, carbonate dissolution and particle separa-
tion are the causes of this size decrease. Fig. 6 shows that in the case
of Guardamar the sediment sample becomes smaller than 0.063 mm
in just 3cycles, while the San Juan sample takes 5cycles. In reality
and within the study area (Guardamar) Aragonés et al. (2016a) con-
cluded that this particle size (<0.063 mm) has a tendency to move,
through gravitational movements, toward the abyssal plains, which
may explain the disappearance of part of the lost volumes of sand.
In addition, the Guardamar sample has the highest weight and D50
losses per cycle. Probably one of the factors that makes Guardamar
reduce its size more quickly is the dissolution of carbonates. Indeed,
if Guardamar and San Juan (Fig. 6) are analysed on their cycle,

Guardamar loses 3 times more carbonates than San Juan (0.93%
Guardamar and 0.30%, San Juan). This may be due to the different
mineralogy (Fig. 7), the beach of Guardamar presents mainly quartz
(30%), calcite (38.2%), and dolomite (29.6%), while the beach of San
Juan presents mainly quartz (62.5%) and calcite (35.5%).

As Guardamar is the beach with the greatest loss of surface area
and volume, a mineralogical study by fractions (Table 4) was carried
out. This shows that: i) initially the large fractions are the ones with
the highest percentages of calcite and in the intermediate fractions the
highest dolomite content is found, maintaining a stable quartz content
throughout the distribution of sizes; ii) after accelerated particle wear
test, an increase in the proportion of quartz is observed. This would
indicate the possible continuous wear of the carbonate fraction (calcite
and dolomite). In the finer fractions (0.063–0.125mm) it is observed
that calcite is the mineral that wears less after the accelerated test of
wear (see the increase in its percentage in Table 4) that could explain
the dissolution of carbonates, which is observed in the test as increas-
ing to 4.88% CaCO3 in the last cycle.

Another factor, perhaps more important, is the morphological
study of both sand samples. The microscopy shows that Guardamar
particles present angular shapes at the edges of the particles, foliation
planes, and large number of cracks in the particles. In contrast, in San
Juan the particles have rounded shapes, are homogeneous and without
such a clear presence of cracks in the grains and, although some parti-
cles are observed formed by a conglomerate grains of minerals, these
are the minimum of the sample (Fig. 8). Indeed, in the studies carried
out by Chiva et al. (2018) or Pagán et al. (2018) is observed as this
type of conglomerates or grains that make up the sediment and that
present weak fractures or joints in which particles are formed between
different particles of the same grain, are the fundamental factors in the
wear of the sediments. This could explain the worst behaviour of one
sand against another.

As the source of dredging in San Juan is the same as in the study
carried out by Pagán et al. (2018) (Sierra Helada), the results of the ac-
celerated wear test of all beaches have been compared. From its com-
parison (Fig. 9) it is observed that its behaviour in the magnetic ac-
celerator is very similar to Carrer de mar beach, being the one that
behaves worst of the other 2 beaches analysed by Pagán et al. (2018)
(Centro of Villajoyosa, and Arenal of Calpe). Therefore, one might
think that if San Juan beach had been nourished with sand similar to

Fig. 4. Evolution of marine vegetation between 1989 and 2006 and position of the depth of closure. a) San Juan 1989. b) San Juan 2006. c) Guardamar 1989. d) Guardamar 2006.
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Fig. 5. a) Surface area lost in Guardamar in the period 1989–2006, total and due to the decrease in the bottom. b) Equilibrium beach profile from the depth of closure in 1989 and
2006 at Guardamar.

Fig. 6. Evolution of the median sediment size, weight loss and CaCO3 during the accelerated particle wear test on the beaches of San Juan and Guardamar.
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Fig. 7. DRX from the beaches of Guardamar and San Juan.

Table 4
Mineralogical composition of each of the fractions of sediment samples analysed from
Guardamar beach, before and after submitting them to the accelerated particle weather-
ing test.

Particles size (mm)

0.063–0.125 0.125–0.200 0.200–0.250

Before testing Quartz (%) 32.7 30.3 36.7
Calcite (%) 30.1 25 46.1
Dolomite (%) 36.5 43.7 16.7
Feldspar (%) 0.6 0.9 0.5

After testing Quartz (%) 29.7 58 49
Calcite (%) 40.5 21.5 28.2
Dolomite (%) 29.3 19.4 22.3
Feldspar (%) 0.5 1.2 0.6

the Centro beach (Villajoyosa), its behaviour would have been even
better than the current one.

Last but not least important is the comparative analysis of the San
Juan samples before and after beach nourishment (1991). Table 4
shows that the original sample of the beach had 73.6% of calcite and

26.4% of quartz (Serra, 1988), while the current sand has 35.5% of
calcite and 62.5% of quartz. The great difference in the evolution of
the coastline in both periods studied together with the different min-
eralogy indicates that: i) possibly, there was a greater proportion of
dissolution of the carbonates. ii) Although morphological data are
not available, it is possible that there were many of the particles that
formed the sample, formed by weak unions, which made San Juan
erode more quickly in the first period studied.

Therefore, this study shows the importance of the morphology and
mineralogy of the particle that composes the sand sample, in coastal
erosion. For this reason, sedimentary studies are necessary to search
the optimum sand for a nourishment, which will be directly related to
the duration or maintenance of the shoreline.

5. Conclusion

In order to justify the different behaviour of the coastline of two
very similar beaches in terms of their grain size and orientation, all
the natural factors affecting the beaches studied have been analysed.
From the study of energy (wave height, period, etc.), its biocenosis,
transverse profile, lost volume, and sediment (morphology and miner-
alogy), it is concluded that:

• Wave energy influences the degree of erosion of a beach. However,
even though it is an important factor, it has been observed that when
the energy incident on different beaches is similar, but the degree
of erosion on both beaches is very different, there are other factors
related to sediment (mineralogy or morphology) that clarify the dif-
ferent degree of erosion.

• That the presence of calcite in mineralogy can be one of the key fac-
tors in erosion. This is demonstrated in the variation of the erosion
rate that San Juan beach suffers before and after nourishment, possi-
bly because of the increase of CO2 in the atmosphere.

• Sediment morphology can be the most important factor in the ero-
sion of the shoreline.

Because of this study, the need to include accelerated wear test-
ing of particles prior to the use of any sand in a regeneration is clear.
Although a significant amount of data on coastal erosion is currently
available, research needs to be carried out on what kind of sands are
in the world, so that an inventory can be made to analyse the risks in
each area.

Fig. 8. Morphology of the particles of Guardamar (a, b and c) and San Juan (d, e and f).
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Fig. 9. Evolution of the average size during the accelerated particle wear test on the
beaches of San Juan, Carrer de mar, Centro of Villajoyosa and Arenal of Calpe.
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