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Abstract

The beach sedim ent o f  the Ebro D elta  shows significant tem poral grain size changes unrelated with seasonal 
processes. T he evolution o f the grain size during the 1988-1991 period shows coarsening and fining variations, with a 
general coarsening trend which ranges from 2.10 to 1.96 phi (about 8 • IO-3  m m /y ea r ). This low-m agnitude grain 
size change is considered significant because it is indicated by both m ean values from the data set (textural zones) 
and individualized sam pling points. The coarsening trend o f  the beach sedim ent in the Ebro D elta is mainly caused  
by the sedim entary deficit affecting the Ebro coast. T he finer sand fractions o f the sedim ent are progressively  
winnowed from the initial beach deposit without being replaced by new river sedim ent supplies. Superim posed on  
the general coarsening trend there exist grain size variations that may be related with processes o f  a shorter period  
such as changes in the sedim ent supplied from the river into the nearshore zone, variations in the wave energy  
affecting the beach, and m an-induced actions, such as beach nourishm ent. The m ean grain size o f  beach sedim ent  
sam pled 20 years ago indicates that the coarsening gradient m easured during the study period cannot be  
extrapolated to longer periods o f tim e (decades). This work shows that processes o f a different tem poral scale but a 
sim ilar m agnitude must be integrated in order to explain the evolution o f sedim ent grain size in deltaic beaches.

1. Introduction

The grain size of beach sedim ent shows spatial 
(longshore and  cross-shore) and tem poral 
changes. The longshore changes are mainly re
lated to variations in the incident wave energy 
along the beach, the selective sorting of sedim ent 
during transport or changes in the am ount and 
size of sedim ent supplied to the beach (McCave, 
1978; Bryant, 1982; M cLaren and Bowles, 1985; 
Stone et al., 1992). The sedim ent grain size distri
bution in the cross-shore profile is usually related 
to the “equilibrium profile” concept, which indi
cates that a particular grain size tends “ to move

across the profile to a position in which it is in 
equilibrium  with the wave and flows acting on 
that sedim ent grain” (Horn, 1992). Tem poral 
changes of grain size in beach sedim ent have 
received comparatively less attention than long
shore and cross-shore changes, probably because 
tem poral variations have a lower m agnitude and 
are m ore difficult to recognize (Stubblefield et 
al., 1977; Davis, 1985; Liu and Zarillo, 1989).

Studies of the tem poral evolution of beach 
sedim ent grain size have focused on seasonal 
variations in the beach sedim ent textural param e
ters related  to the seasonal wave climate affecting 
the beach (Prakash and Prithviraj, 1988; Dubois,

0 0 3 7 -0 7 3 8 /9 6 /Î 1 5 .0 0  ©  1996 E lsevier Science B .V . A ll rights reserved  
S S D I  0 0 3 7 - 0 7 3 8 ( 9 5 ) 0 0 0 2 1 - 6



56 J. Guillen, A . Palanques /  Sedim entary G eology 101 (1996) 5 5 -6 7

1989; Stone et al., 1992). However, if the seasonal 
wave climate were the single controlling factor of 
tem poral grain size evolution, the beach sedim ent 
would show a steady grain size trend  over time. 
In ter-annual grain size variations in deltaic 
beaches must be caused by other factors, such as 
the variations in the am ount and texture of sedi
m ent supplied to the beach. The sedim ent can be 
supplied from rivers, from offshore, from eroded 
areas of the coast or from anthropogenic beach 
nourishm ent. An increase in sedim ent supply 
leads to a net deposition of sedim ent, whereas a 
decrease produces an erosional trend in the beach 
and the eroded sedim ent is transported  to accre- 
tional areas. An accretional trend  in the beach is 
generally associated with the fining of sediment, 
whereas an erosional trend produces a coarser 
sedim ent (M cLaren, 1981; Prakash and Prithviraj, 
1988; Dubois, 1989). Thus, besides the seasonal 
com ponents associated with annual wave climate 
changes, the tem poral evolution of beach sedi
m ent grain size over several years can be ex
pected to include longer period oscillations caused 
by variations in the sedim ent supply and other 
random  events.

The tem poral evolution of the sedim ent grain 
size on the Ebro D elta coast was studied during 
the period 1988-1991. The Ebro  D elta shoreline 
is 50 km long; it is a microtidal, storm -dom inated 
coast that has developed from the sand sediment 
supplied through the Ebro River (Fig. 1). The 
mean wave climate affecting the Ebro coast is of 
low energy { H  =  1 m and T  =  3.5 s), though dur
ing storms wave heights can be up to 6 m (Flos, 
1985; Gracia et al., 1989). Strong storms usually 
occur during the O ctober-F eb ruary  period, 
w hereas for the rem aining m onths they are un
usual. The sand sedim ent extends in the Ebro 
D elta from the backshore to about 11 m depth. 
The low am ounts of sedim ent supplied from the 
Ebro River cause a sedim ent deficit in the 
nearshore zone and an erosional trend  along the 
shoreline (G uillén and Palanques, 1992; Guillén, 
1992).

The main objectives of this paper are: (1) to 
study the grain size evolution of beach sediment 
in an erosion-dom inated deltaic coast, (2) to de
term ine the control factors of this evolution, and

(3) to evaluate the possibility of using the tem po
ral changes in beach sedim ent size as one m ea
sure of erosion and accretion processes in the 
coast.

2. Methods

Eight sampling surveys were carried out during 
the period 1988-1991 on the Ebro D elta coast 
(June and O ctober 1988, M arch and July 1989, 
M arch and July 1990, M arch and July 1991). On 
each survey 31 pre-fixed profiles spaced 1 -2  km 
apart along the Ebro D elta shoreline were sam
pled, and on each profile a sample was taken of 
the dune, swash, trough and bar crest (Fig. 1). 
Profiles located in the Ebro River m outh (P-26 to 
P-29) are not considered. The total num ber of 
samples analyzed in this study was about 1,100. 
Location of sampling profiles was indicated by 
perm anent poles situated along the beach. In 
each profile, standard topographic procedures 
were used in order to determ ine the exact posi
tion of samples. Sedim ent was collected by drag
ging on the bottom  a plastic bag inserted in an 
oval metallic frame. The mouth of this frame is
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Fig. 1. Study area and locations o f  sam pled  profiles a long the 
E bro D elta  coast.
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10 cm wide and the vertical penetration  in the 
sedim ent is about 2 -4  cm. The weight of samples 
ranges from  100 to 200 g. Each sample can be 
considered the result of all the processes acting in 
the beach during a certain period of time before 
the sampling. It is assumed that samples are

representative of daily or weekly sedim entary 
processes, and that the effect of processes o p era t
ing on scales of hours immediately before the 
sampling have a subordinate influence in the 
grain size. This assumption is achieved because 
the sampling was carried out during non-storm
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Fig. 2. L ongshore variation in the sed im en t grain size in each  sam pling survey and th e resulting general trend, ind icating the  
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conditions, the volume of sedim ent sampled is 
relatively high and at least 4 samples are used in 
the characterization of the sedim ent grain size at 
each point o f the profile.

T he grain size distribution of sedim ent was 
determ ined by settling tube, according to  the 
techniques explained in G iró and M aldonado 
(1985), and textural param eters were com puted

by the m om ents m ethod (Friedm an, 1967). F u r
therm ore, 21 beach samples taken in 1970 along 
the Ebro D elta beachface were re-analyzed in 
order to obtain a m edium -term  approach to the 
grain size evolution.

The changes in sedim ent grain size were found 
to be of low m agnitude along beaches of the Ebro 
D elta during the study period. The m agnitude of
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Fig. 3. T em poral evo lu tion  from  June 1988 to  July 1991 o f  th e beachface sed im ent grain size in th e E bro D e lta , show ing the 
resulting  coarsen ing  gradient in the five textural zon es  and the general gradient ( D  =  grain d iam eter in phi units, t =  tim e in 
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Fig. 4. T em poral evolu tion  from  June 1988 to July 1991 o f  the beachface sed im ent grain s ize  in the sam pling profiles  o f  th e E bro  
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the grain size variation in individual samples was 
similar to the expected variability caused by sam
pling m ethods and grain size determ ination tech
niques. Therefore, highly reliable data are ob
tained by using the m ean values of samples. It 
was necessary to consider the m ean value of 
groups of samples (profiles or surveys) for the 
interpretation of the results. The average mean- 
size of the four samples taken at each profile ( M , 
the “ m ean sediment-size profile” ) is used here as 
the characteristic sedim ent size a t each site of the 
beach. The longshore distribution of sediment 
was com puted as the m ean value of all the sam
ples corresponding to the textural zone and to 
the survey.

3. Sediment-size changes

The spatial distribution of the sedim ent grain 
size along the Ebro D elta beaches m aintained the 
same general patterns and trends during the 
1988-1991 survey period (Fig. 2): (1) the finer 
sedim ent is located in the La Banya, Eucaliptos 
Beach and Fangar zones, and (2) the coarser 
sedim ent is found in the Trabucador Bar and 
Buda Island. The alongshore grain size sediment 
distribution allows us to define five textural zones 
along the Ebro coast: La Banya (zone I), T rabu
cador Bar (zone II), Eucaliptos Beach (zone III), 
Buda Island (zone IV) and Fangar (zone V) (Fig. 
2). Longshore gradients of the mean grain size 
range from 1 • 10~3 to 10- 10~3 m m /k m , being

T able 1
C hanges in textural param eters o f  beach sed im ent on the 
E bro D e lta  coast

M ean D eviation Skewness

June 1988 2.10 0.44 -2 .3 1
O ctober 1988 2.05 0.31 - 2 .5 5
M arch 1989 2.01 0.37 -  1.78
July 1989 1.96 0.34 - 1 .6 1
M arch 1990 1.94 0.38 -  1.00
July 1990 1.91 0.34 - 0 .6 8
M arch 1991 1.93 0.34 - 0 .6 6
July 1991 1.96 0.34 - 0 .4 1

M ean values from all the sam ples taken in each  survey (m ean  
and standard deviation in phi units).

T able 2
T em poral evolu tion  o f m ean grain s ize  o f th e sed im en t in 
du ne, swash, trough and bar zon es  (values in phi units)

D u n e Swash T rough Bar

June 1988 2.07 2.02 2.14 2.17
O ctober 1988 2.07 2.00 2.09 2.01
M arch 1989 1.93 1.99 2.12 2.03
July 1989 1.93 1.91 2.06 1.96
M arch 1990 1.89 1.88 2.01 1.95
July 1990 1.82 1.83 1.99 1.97
M arch 1991 1.86 1.93 2.02 1.97
July 1991 1.88 1.86 2.03 2.07

minimum from the river m outh towards the F an 
gar and maximum from Cape Tortosa towards 
the south.

The m ean sedim ent grain size was 1.99 phi 
during this period of time. However, the tem po
ral variation of the grain size shows a general 
coarsening trend  from a m ean size of 2.10 phi in 
June 1988 to 1.96 phi in July 1991. The coarsen
ing evolution is accom panied by a better sorting 
(from 0.44 to 0.34 phi) and a less negative skew
ness (from -2 .3 1  to -0 .4 1 )  of the beach sedi
m ent (Table 1). This tem poral coarsening trend
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Fig. 5. T em poral evolu tion  from  June 1988 to July 1991 o f the  
beachface sed im en t grain size in all the profiles show ing the  
spatial variability o f  th e sed im en t and the resulting tem poral 
trends (P. r 2 =  0.23; 2: r 2 =  0.36; 3: r 2 =  0.03)
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of sedim ent grain size is observed in the five 
textural zones, although some different textural 
gradients may occur (Fig. 3). The Banya (zone I) 
shows a strong coarsening gradient, except be
tween M arch and July 1991, when the sedim ent 
size was considerably finer. The Trabucador, E u
caliptos Beach and Buda Island textural zones 
(zones II, III and IV) show a progressive coarsen

ing trend  from June 1988 to M arch 1990 and a 
fining trend  betw een July 1990 and 1991. T he 
coarsening trend has a low gradient in the Fangar 
(zone V), w here the sedim ent is finer betw een 
M arch and July 1991 (Fig. 3). These gradients 
represen t a ra te  of grain size change tha t ranges 
from 7 • IO-3 m m /y e a r  in the Fangar to 11 • IO“ 3 
m m /y e a r  in the Banya. T he coarsening p a tte rn
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can also be observed in the tem poral grain size 
evolution of the individualized sampling profiles 
(Fig. 4) and in each of the different m orphologi
cal areas of these profiles that were sampled 
(Table 2): dune, swash, trough and bar. The gen
eral coarsening trend  of beach sedim ent grain 
size along the Ebro D elta beaches during the 
1988-1991 period estim ated from the m ean value 
of each survey can be obtained from the resulting 
linear relationship

D  =  2.05 -  0.004i

where D  is the m ean diam eter o f the sedim ent in 
phi units and t is the time in months. This 
relation implies that the sedim ent shows a coars
ening gradient of about 8.5 ■ IO-3 m m /y e a r  dur
ing the study period. The coefficient of determ i
nation ( r 2) of this relation is 0.65. B etter correla
tion is obtained if two phases are differentiated 
in the general coarsening trend of sediment: (1) 
from June 1988 to July 1990 ( r 2 =  0.95), when the 
sedim ent is progressively coarser (17- 10~3 m m / 
year), and (2) from July 1990 to July 1991 ( r 2 = 
0.94), when the sedim ent is gradually finer ( - 7  • 
IO-3 m m /y e a r)  (Fig. 3). These two phases of 
sedim ent evolution can also be identified in most 
of the individual sampling profiles (Fig. 4).

The coefficients of determ ination have also 
• been calculated for the individualized profile data 
in order to determ ine the significance level of the 
general gradient (Fig. 5). The value of r 2 is 0.23 
when the general coarsening trend is considered. 
This value increases if the June 1988-July 1990 
period is considered separately ( r 2 = 0.36), but 
during the July 1990-July 1991 period the statisti
cal significance of the fining gradient is null ( r 2 = 
0.03). These m oderate correlations between the 
general trend  and individualized profiles are due 
to the fact that the spatial variability of the sedi
ment grain size along the Ebro coast is more 
im portant than the tem poral one (Fig. 5). The 
correlation with the general coarsening trend im
proves considerably if the textural zones are ana
lyzed independently and the spatial variability of 
the sedim ent is reduced ( r 2 — 0.32 to 0.39, except 
in the Fangar zone where r 2 = 0.23).

These data clearly show the existence of a 
general coarsening trend in the Ebro coast during

the study period and indicates tha t the detected 
grain size changes have periods longer than 1 
year (Fig. 3). In order to check the existence of 
seasonal or shorter-term  variations in the beach 
sedim ent grain size, the sedim ent size difference 
( Di f )  between the m ean sedim ent size of the 
profile ( M )  and the sedim ent size ( D ) estim ated 
from the equation of the tem poral sedim ent size 
variation in each textural zone ( Di f  = D -  M ) 
was evaluated (Fig. 6). Thus, the general coarsen
ing gradient of the sedim ent is suppressed and a 
residual grain size value is obtained: a Di f  posi
tive value implies a deviation to finer sedim ent 
and a Di f  negative value indicates a deviation to 
coarser sedim ent. Fig. 6 shows the sedim ent size 
deviation of the five textural zones and the mean 
grain size. Deviation to finer sedim ent, o r a nega
tive value of Dif ,  occurred during the Ju n e-O c- 
tober 1988 and July 1991 surveys and deviation to 
coarser sedim ent (positive Di f )  occurred the re 
m ainder of the time (Fig. 6). The analysis of the 
residual grain size values shows m ore clearly the 
existence of a coarsening and a fining trend du r
ing the study period, with some disturbances in 
textural zones I and V (Fig. 6). Flowever, a sea
sonal change in the grain size of sedim ent was 
not observed.

4. Discussion

On the Ebro D elta coast the sedim ent grain 
size is affected by changes of a different tem poral 
scale: (1) a general m edium -term  coarsening trend 
related to processes with a tem poral scale higher 
than the study period (3 years), and (2) modifica
tions superim posed on the general coarsening 
trend caused by processes of a lower tem poral 
scale.

4.1. General medium-term coarsening trend

The textural variations observed in the sedi
m ent of the Ebro D elta (coarser, b e tter sorted 
and more positively skewed) are characteristic of 
lag deposits (M cLaren and Bowles, 1985), which 
indicates that the present beach sedim ent is a lag 
deposit of the pre-existing beach sedim ent. The
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coarsening trend  of the beach sedim ent occurred 
during a period of time when erosional processes 
had dom inated on the coast (Fig. 7). The erosion _
has been produced by the shortage of river sedi- -H1
m ent and the winnowing of the finer sedim ent —
fractions on the beachface. The sedim ent dis- g
charge of the river has been drastically reduced g
by the trapping effect of the dams constructed <
during the last few decades (Palanques e t al., ¿
1990; Guillén and Palanques, 1992). The am ount 5
of sand sedim ent supplied from the Ebro River to z
the Ebro D elta coast during the 1988-1991 pe- üj
riod was lower than 1 • IO5 to n s /y e a r  (Guillén,
1992). The shortage of sand sedim ent caused a 
negative sedim ent budget in the external coast of 
the delta and a dom inant erosional trend in the 
shoreline (Guillén, 1992; Jim énez and Sánchez- 
Arcilla, 1993), which favoured the selective win
nowing of the finer fractions.

The relationship observed betw een the coars
ening evolution of the grain size and the negative 
sedim ent budget in the external nearshore zone 
of the Ebro D elta suggests that the gradient of 
the grain size change may have some proportion
ality with the intensity of the accretional or ero 
sive processes in the beach. In this situation, the 
stronger coarsening gradients would occur during 
maximum erosion periods and fining or weaker 
coarsening gradients during accretion or equilib
rium periods. However, the use of the tem poral 
grain size variation rates as a m easure of erosion
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X  -30.
3525 30

PROFILES
Fig. 7. Sh orelin e d isp lacem en t trends a long th e Ebro D e lta  
coast during th e study period . T h e  river m ou th  is located  
betw een profiles 26 and 30 (location  profiles in Fig. 1).
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Fig. 8. C om parison betw een  the shoreline d isp lacem en t and 
the sed im en t grain s ize  variation at each  profile from  June  
1988 to M arch 1991. T h e  plot show s that the erosion  and  
accretion p rocesses are not proportional to the grain size  
variation w hen  individual profiles are considered .

or accretion processes in the coast is limited to a 
general qualitative trend. The com parison b e 
tween the sedim ent grain size variation at each 
profile during the 1988-1991 period and the 
shoreline displacem ent rate in the profile during 
the same period of time shows a bad correlation 
(Fig. 8). The coarsening of the beach sedim ent 
was of 28, 28, 32, 32 and 1 1 - IO-3 mm from 
textural zones I to V, respectively, during the 
1988-1991 survey period (Fig. 4). These tem poral 
grain size variations show that the coarsening 
trend  of sedim ent in the  Ebro  D elta beaches is a 
general process affecting the entire delta coast: 
the coarsening trend  occurs both in erosional (i.e. 
T rabucador Bar) and in accretional (i.e. La Banya) 
zones (Fig. 7). O n sandy deltaic coasts such as the 
Ebro D elta w here the longshore transport of 
sedim ent is dom inant (Jim énez and Sánchez- 
Arcilla, 1993), the gradual winnowing of finer 
grain sizes in erosional zones produces the coars
ening trend  of sedim ent in these areas, bu t it also 
produces a coarsening trend  in the sedim ent grain 
size of accretional zones located downdrift, be
cause the sedim ent supplied from erosion zones
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is progressively coarser (Guillén and Jiménez, 
1995).

T he erosional trend  along the Ebro D elta coast 
has occurred during the last decades (M aldonado, 
1972; Callis et al., 1988). However, a m edium -term  
coarsening rate  of the beachface sedim ent has 
not been estim ated. If the coarsening rate had 
been a constant, the rate estim ated by the 1988— 
1991 survey period (8 • 10~3 m m /y e a r)  could be 
extrapolated and the grain size of the beach 
sedim ent two decades ago would be 3.5 phi. How
ever, some samples taken in 1970 along the Ebro 
beachface indicate tha t the mean grain size sedi
m ent was about 2.15 phi. A lthough the num ber of 
1970 samples is comparatively low, it is obvious 
that the coarsening rate during the last two 
decades estim ated from the 1970 samples (about 
1 • IO""3 m m /y e a r)  is lower than the gradient 
determ ined for the 1988-1991 period (Fig. 9). 
This change in the coarsening gradient can be 
partially explained by the different intensity of 
the erosive processes affecting the coast during 
the two periods considered. M ean erosion rates 
were about 7 m /y e a r  during the 1988/1991 pe
riod and 4 m /y e a r  during the 1970-1988 period 
(Callis et al., 1988; G uillén, 1992).

4.2. Shorter-term grain size modifications

The shorter-term  grain size variations can 
mainly be associated with shorter-term  variations 
in the intensity of erosive or accretional processes 
affecting the coast. Three main factors can m od
ify the intensity of these processes: (1) changes in 
the am ount of the river sand supply, (2) variations 
in the wave energy reaching the beach, and (3)
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Fig. 9. M easured sed im ent grain size in 1970 and during the 
1988-1991  period , and resulting coarsening trend.
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Fig. 10. M onthly data o f  w ater discharge o f  the Ebro River 
betw een M ay 1988 and July 1991 show ing the low w ater  
discharges during m ost o f  th e study period.

man-induced action on the beach. Changes in the 
grain size of the sand sedim ent supplied to the 
coast are not expected because the only sedim ent 
source (the Ebro River) supplies homogeneous 
sand (Guillén and Jim énez, 1995).

(1) Short-term  changes in the am ount of sand 
sedim ent supplied from the Ebro River are re
lated to water discharge variations (Fig. 10). Sand 
transport in the lower Ebro River only occurs 
when the w ater discharge is higher than 400 m 3/ s  
(Guillén et al., 1992). Thus, during the study 
period the Ebro River could only supply signifi
cant am ounts of sand in June 1988, and in the 
period April to May 1991. These periods of high 
water discharge correspond with periods of com
paratively finer sedim ent on the beachface (Fig. 
6): the mixing of the new sand river inputs and 
the form er (strongly winnowed) coarser sedim ent 
results in a finer sedim ent on the beachface. The 
higher w ater discharge of the Ebro River in 
A pril-M ay 1991 allowed sand sedim ent supplied 
from the river to reach the coast. As a conse
quence, finer sedim ents were detected in July 
1991 in the Fangar area and in some profiles of 
the Buda Island located close to the river m outh 
(Figs. 3 and 5).
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(2) The wave climate affecting the Ebro D elta 
shows seasonal variations characteristic of in ter
m ediate latitude areas (Jiménez, 1995) (Fig. 11). 
The summer corresponds with the low-energy 
period, and during the autum n and the w inter 
high-energy conditions occur. However, the ob
served grain size changes do not show any rela
tion to this seasonal regime. The wave-induced 
grain size changes in the Ebro D elta are probably 
more related to the action of sporadic storm 
waves than to m ean wave conditions. The relation 
between storm waves and grain size changes dur
ing the study is not completely clear because the 
period between the sampling campaigns is too 
long. The major storms occurred in the Ebro 
D elta coast during the study period are shown in 
Table 3. The significant wave height is only higher 
than 4 m in O ctober 1990 and February 1991. 
The comparison between the sedim ent grain size 
before and after these storms (July 1990 and 
M arch 1991) shows that the resulting deposit 
along the coast displayed a m ean grain size simi
lar to, or finer than, the pre-existing one (Fig. 3). 
In the Eucaliptos Beach and Fangar the sedim ent 
size was scarcely modified by the storms. A  fining 
trend  of the sedim ent grain size was observed in 
the Trabucador Bar and Buda Island, whereas in 
La Banya the sedim ent was still coarser after the 
storms. In spite of these variable responses, it is
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Fig. 11. M onth ly data o f significant w ave height in th e Ebro  
D elta  during the study period show ing th e seasonal com p o
nents o f  the w ave clim ate (data from  Jim énez, 1994).

T able 3
M ajor storm s occurred in the Ebro D e lta  area during the  
study period

D ate H s (m )

0 1 -0 9 -1 9 8 8 3.0
0 3 -1 2 - 1 9 8 8 3.0
2 5 -0 2 -1 9 8 9 3.6
1 3 -0 4 -1 9 8 9 3.6
0 8 -1 0 - 1 9 9 0 4.5
0 2 -0 2 -1 9 9 1 4.3
1 9 -0 2 -1 9 9 1 3.4
2 4 -0 3 -1 9 9 1 3.0

H s =  significant wave height (data from Jim énez. 1994).

evident that the general coarsening trend  of sedi
ment was in terrupted by these storms. A lthough 
it is usually considered that storm waves produce 
a coarsening of the beach sedim ent, examples of 
sedim ent fining caused by severe storms have also 
been reported  (W inkelmolen and V eenstra, 1980). 
The sedim ent fining related to the strongest storm 
waves is caused by the rem obilization of all the 
fractions of previous sedim ent during the storm. 
The new sedim ent would reflect the characteris
tics of the previously underlying sedim entary body 
(Dubois, 1989), or it is a poorly sorted deposit 
composed of all the grain size fractions available 
on the coast (W inkelmolen and V eenstra, 1980).

(3) H um an action related to  beach nourish
m ent also alters the general grain size trend. A n 
artificial dune was constructed on the area of the 
T rabucador Bar affected by overwashing during 
the storm in October 1990 (profile 11). The dune 
was built up with sand slightly finer than  the 
beach sedim ent mined from the Alfacs Bay d u r
ing the November 1990-February 1991 period. 
The fining of the beach sedim ent was detected  in 
M arch 1991 in profiles 10 and 11, w here the dune 
was constructed, and finer sedim ents were also 
detected  towards the south in July 1991 (profiles 
6, 7, 8 and 9) (Fig. 4). The distribution of these 
finer sediments was caused by the progressive 
erosion of the dune and the transport of sedi
m ent towards the southwest by littoral drift.

The 1988-1991 grain size evolution shows an 
initial coarsening phase and a second fining phase 
(Fig. 5). The coarsening phase (June 1988-July
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1990) can be explained by the selective winnow
ing of the finer fractions of the beach sediment. 
T he selective winnowing produces a better sort
ing and a less negative skewness in the sediment. 
The coarsening of sedim ent has been significant 
from La Banya to Buda Island since O ctober 
1988. In Fangar the sedim ent becam e coarser 
later, in July 1989 (Fig. 3). The action of the three 
factors analyzed was different along the textural 
zones. The Fangar zone was especially sensitive 
to the sedim ent inputs from the Ebro River be
cause most of them  accum ulate in this zone. The 
dune construction affected first the Trabucador 
Bar and later the Banya zones, w hereas storm 
action had an irregular impact along the coast. 
These factors produced a sedim ent fining and 
their action was mainly concentrated at the end 
of the study period (Fig. 6).

5. Summary and conclusions

The tem poral evolution of the beachface sedi
m ent grain size is difficult to investigate because 
tem poral variations have a lower m agnitude than 
spatial grain size changes. Observations about the 
tem poral evolution can also be influenced by the 
noise produced from sampling techniques. One 
way to reduce these problems is to work with a 
high num ber of samples and to consider textural 
zones with a homogeneous sand content. The 
main factors causing tem poral grain size varia
tions on deltaic beaches are the sedim ent dis
charge and the wave regime. These factors have 
different tem poral scales of action, from a single 
storm  or a river flood to a m edium -term  (de
cades) erosional trend in the shoreline. The ob
served textural changes result from the combined 
action of all the processes.

T he beach sedim ent of the Ebro D elta is af
fected by tem poral grain size changes unrelated  
to  seasonal variation. This sedim ent was progres
sively coarser, better sorted and less negatively 
skewed during the study period (1988-1991). The 
coarsening in the beach sedim ent is mainly caused 
by the negative sediment budget in the  nearshore 
zone and the resulting erosion processes on the 
beach. The erosional processes produce a pro

gressive winnowing of the finer fractions and a 
coarsening trend of the beachface sediment.

The coarsening gradient of this period (8 • IO "3 
m m /y e a r)  cannot be extrapolated to a medium- 
term  tem poral scale because it is higher than that 
which occurred during recent decades. Erosional 
processes and the resulting coarsening trend were 
especially intense during the 1988-1991 period 
because of the  low am ounts of sand supplied 
from the Ebro River. The sedim ent coarsening is 
general, affecting both erosional and accretional 
areas due to the longshore transport pattern  of 
the Ebro D elta. It can be observed that two 
different shorter-term  oscillations (coarsening and 
fining periods) are superim posed on the general 
coarsening trend. These shorter-term  oscillations 
may be related to changes in the am ount of 
sedim ent supplied from the Ebro River, modifi
cations induced by storms and anthropogenic ac
tions. All these processes cause grain size varia
tions of a similar m agnitude and their identifica
tion is complex.

The study of beach sedim ents from the Ebro 
Delta shows that the tem poral evolution of the 
sediment size on deltaic beaches may be con
trolled by processes not related  to a seasonal 
tem poral scale. Furtherm ore, the inter-annual 
evolution of the beach sedim ent grain size can be 
used to understand the dom inant controlling p ro 
cesses of the sedim ent dynamics on the coast.
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