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ABSTRACT

The great physiographic diversity of the Dendé €dasors the production of different beach
sediment types, including bioclastic componentsthia study 74 beach samples collected at 2 km
intervals were used to evaluate beach sediment asitign. For each sample, 300 grains were
identified for each grain size class coarser thA2® mm, using a binocular microscope. The beach
sediments of the Dendé Coast are essentiallycdditic (80-100%). Quartz is the major component
(70-100%). Only at the Tinharé and Boipeba islanidslasts are major components of beach sands
reaching up to 80-100%. These sediments are madessentially of fragments of Halimeda,
reaching percentages up to 70%. Coralline algaenaoilisks also contribute significantly to these
sediments (up to 30%). The results obtained shat tie spatial distribution of the bioclastic
components provide important information on theiemmental conditions present at the shoreline
(energy levels, availability of hard substrates pratected areas, pattern of sediment dispersiuth) a
on the sediment sources as well. The compositidtheobeach sediments on the Dendé Coast reflects
the present day environmental conditions and shavthese sediments do not experience significant
lateral transport. This situation is favored byimpeded longshore transport that characterizes most
of the region. Although, in general, the riverstttischarge on the Dendé Coast appear to transport
few sediments to the coastal zone, the preseniceansfy minerals, micas and feldspars suggests river
contributions to the beach sediments. On the dihed, the coral and coralline algae reefs, besides
offering a natural protection to the shorelinepatspresent an important source of beach sands.

Resuwmo

A grande diversidade fisiografica da Costa do Defad@rece a deposicdo de diferentes tipos de
sedimentos em suas praias, inclusive sedimentos B carbonato de calcio. Neste estudo 86
amostras de sedimento foram coletadas, em inteng®dd? km, para avaliagdo da composicao dos
sedimentos praiais. Para cada amostra foram iwtifs 300 gréos por fracdo granulométrica maior
que 0.125mm, usando uma lupa binocular. Os sediowmetids praias da Costa do Dendé s&o
essencialmente siliciclasticos (80 - 100%). O queét o principal componente (70 - 100%). Apenas
nas ilhas de Tinharé e Boipeba, os bioclastos sgwincipais componentes alcangando teores entre
80 e 100%. Estes sedimentos s&o compostos essegrtialde fragmentos de Halimeda, com teores
de até 70%. Algas coralinas e moluscos tambémiboetm significativamente para a composicao
das areias deste trecho (com teores acima de #i§ 83 resultados obtidos mostram que a analise
da distribuicdo espacial dos componentes bioct&stfornece informagdes importantes sobre as
condigbes ambientais na linha de costa (niveisnéege, disponibilidade de substratos duros e
suprimento de sedimento), assim como sobre asvetsdbntes de sedimento para a praia. A
composicéo dos sedimentos das praias da CostamitéDeflete as condicbes ambientais atuais, e
evidenciam que estes sedimentos ndo experimentarsptrte lateral. Essa situacéo € favorecida
pela situacdo de transporte litoraneo impedidoagracteriza a maior parte da regido. Embora, os
rios da regido parecam transportar poucos sedisgra@a a zona costeira, a presenca de minerais
pesados, micas e feldspatos sugerem contribuigdeai$ para os sedimentos das praias. Por outro
lado, os recifes de coral e algas coralinas, alérmférecerem uma protecéo natural para a linha de
costa, também representam uma importante fontedimentos para as praias.

Descriptors: Sediment composition, Longshore dRfpvenance, Bioclastics, Beach sands, Central
coast of Brazil.

Descritores: Composi¢éo dos sedimentos, Transptmténeo, Proveniéncia, Bioclastos, Areias de
praia, Costa central do Brasil.
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INTRODUCTION (Fig.1) (MARTIN et al., 1980). Coral and coralline
algae reefs, fringing and adjacent to the beacburoc

Exposed sandy beaches may be associatdd significant stretches along the coastline (Fly.
with a variety of coastal habitats (SHORT; HESP(LEAO et al., 2003).
1999) and thus be inhabited by diverse biological ~In the present paper, the Dendé Coast's
communities (MCARDLE; MCLACHLAN, 1992). As Oceanic coastline is divided into four sectors the
a consequence, in addition to siliciclastic commase light of its physiographic characteristics, desedb
the mineralized hard parts of marine organismsh sud€low, beginning in the North (Fig. 1):
as mollusks, foraminifera, echinoderms and cormllin Sector | - Encompasses a beach arc, between
algae, may integrate the beach sediments (PILKEhe Jequiricd River and Ponta do Curral, 20 km in
BLACKWELDER, 1968; KING, 1972; MILLIMAN, length, predominantly composed of fine sands
1974; KOMAR, 1976). Such a condition occurs(FREITAS, 2002) and bordered by a Holocene marine
especially on tropical beaches, where biologicalerrace. _
activity is intense, as well as on beaches wheee th Sector Il - Encompasses the islands of
continental sediment supply is reduced (KOMARTinharé and Boipeba, characterized by a barrier of
1976). Usually the carbonate grains are produced finging coral and coralline algae reefs (with smal
the submerged zone of the beach anghallow back-reef lagoons) along the major pathef
subsequently transported by the action o f wavecoastiine (LEAO et al., 2003). The beaches in this
and currents towards the beach face (WILSON, 1975%€ctor are intercalated by small segments of astxe
In this respect, McLachlan et al. (1993) suggkat t Cliffs sculptured in Mesozoic rocks, which propiéa
wave action is one of the major factors govegni th_e exister_me qf several pocket beaches. Thesé beac
the distribution of macrofauna within the beacttliffs vary in height between 5 and 80 meters amy m
sands. present sandy beaches at their base. The textuhe of
The coastal stretch of the State of Bahid?€ach sediments ranges from fine to coarse sands. |
located between the rivers Jequirica and Tijuigig.(F SOMe sections, the coastline is characterized by th
1), known as the Dendé Coast, presents a veRfesence of mangroves. This is a sector with atgrea
irregular coastline, due to the presence of islabegs ~Variety of ecosystems.
and tidal channels. Along its oceanic coastlinghwi Sector Il - Encompasses a beach arc, 18 km
overall characteristics of impeded longshore driftin length, between Carvalhos Bar and Ponta do Apaga
there are several segments of sandy beach assbcia@d0, composed of fine to medium sands and bordered
with different ecological conditions. The objectisé by @ Holocene marine terrace. Ebb-tidal deltas
this paper is to characterize the composition eb¢h characterize the extremities of this sector. .
beach sediments, with emphasis on bioclastic Sector IV - Encompasses the coastal sections
constituents, as well as to analyze the spatidgtians Pbetween Ponta do Muta and the Tijuipe River,
thereof, as a function of source areas and assdciatPresenting fine to medium sand beaches. From Ponta
ecosystems, wave energy and coastal sediment drift. do Muta to Contas River, the beaches are continuous,
locally presenting small and sparse coral and lioeal
algae banks adjacent to the beach, without badk-ree
Geological and Physiographic Scenario lagoons. The beaches are bordered by a Holocene
marine terrace. From the Contas River to the Tijuipe
River, the rocky coast with crystalline basement
The coastal region under study (Fig. 1) isoutcrops, propitiate, in the northern half of tieet®n,
bounded internally, in its greater part, by hill§ o the existence of pocket beaches. In the southéfioha
Mesozoic rocks (sandstones and carbonates) withe sector the beaches are continuous. The Quaterna
average heights of approximately 40 meters. In theeposits in this sector show incipient development.
southern portion of the area, it is bounded by Regarding the direction of net longshore
Precambrian basement, in the form of steep clifif)  transport along the Dendé Coast, the geometry of
average heights of approximately 170 meters. In thgandy terraces, at least in the northern half @fstady
region between the mouths of the Contas and trfea, suggests a north to south direction (Fig. 1),
Tijuipe Rivers, the Precambrian basement borders théhich was confirmed by numerical modeling, as

coastline in the form of rocky coasts (DOMINGUEZ, discussed below. Also Bittencourt et al. (2005) ebas
2006). on numerical modeling of wave refraction diagrams,

The coastal plain is occupied, in its majordescribed a net longshore drift from south to néoth
part, by marine Pleistocene and Holocene sandjie coastal segment between the Tijuipe River and
terraces, and locally, by clay-organic mangrove anBonta do Muté (Fig. 1).
wetland deposits, and sandy deposits, of fluvigior
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Fig. 1. Geological map of the Dendé Coast and heighg regions. Also shown are the major

physiographic features of the continental shelf.
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The continental shelf presents a maximumuncertainties and inaccuracies. These data are
width of 26 km in front of the Pratigi beach, and aorganized in angular sectors which, for the purpafse
minimum of 6 km in front of the Contas River (Fig. 1)the present study, were grouped into four sets, as
(DOMINGUEZ, 2006; FRANCA, 1979; FREIRE; shown in Figure 2. These wave conditions were
DOMINGUEZ, 2006). The major feature in the area isattributed to the wind frequencies from the same
the Salvador canyon, which reaches the internalirections described above.
shelf. The bathymetric contours are also Based on these data, a numerical wave
noteworthy due to their irregularity, in the region modeling was undertaken using Mike 21 NSW
front of the coastal section between the Pratigsoftware, developed by DHI Water and Environment.
beach and Gamboa. The shelf break occurs atBased on bathymetry taken from a nautical chatef t
depth of approximately 40-50 meters (Fig. 1). InBrazilian Navy, on the approximate scale of
general the superficial layer of the contiaén 1:300,000, an interpolation was made by the IDW
shelf is composed of sandy siliciclastic sedimants method extending to the 3 m isobath. The wave
the 10 m isobath (DOMINGUEZ, 2006; FREIRE;transformation modeling was conducted without
DOMINGUEZ, 2006; KOWSMAN; COSTA, 1979). accounting for factors such as bottom friction,
Exceptions to this occur in the proximities of thediffraction, interaction with currents and winds)da
JequiricA  River (L.M.B. Freitas, personalthe influence of tides, which naturally affect the
communication) and Carvalhos Bar (R.K.P. Kikuchi,accuracy of the model. The analysis is, therefore,
personal communication), where there are submergedstricted exclusively to the wave refraction
coral and coralline algae reefs (Fig. 1). Fromten phenomenon.
isobath to the edge of the shelf, carbonatic samds Based on the refraction diagrams, the
gravelly sediments of biogenic origin occur, ashasl directions of net longshore drift of sediments were
localized muddy material (KOWSMAN; COSTA, determined by the calculation of the potential misigy
1979; DOMINGUEZ, 2006; FREIRE; DOMINGUEZ, of longshore drift for each of the different wavesft
2006). directions, in accordance with the method described

As for the rivers that discharge their watersBittencourt et al. (2005). Thus, the potential Idnys
on the Dendé Coast, the potentially most signifiégant drift intensity for each wave-front was expressedaa
terms of sediment supply are the Contas and Jeduirigqon-dimensional number, in accordance with the
with average discharge rates of 143.3 m3/s (SElAunction:

2009) and 159 m3/s (GENZ et al, 2003),
respectively.

Tides are semidiurnal with an averageX = sena . coso . H? (1)
amplitude of 2.5 meters, with the spring tides
averaging 2.8 meters (Data from the city of Salvado
located approximately 60 km northeast of Jequiricavhere X is the longshore drift intensity, is the
River) (Fig. 1). incidence of the angle of the orthogonal to the evav

front to the coastline, and H is the normalized avav
height (i.e., the results were divided by a cortstéth
MATERIALS AND METHODS the value of 1 m). S
The coastline was divided into 25 segments,
Wave Regime and Sediment Longshore Transport ~ €ach of which approximated to a straight line, in
accordance with the lie of the coastline. In figBkg

Direct measurements for the wave regime irthe direction and dimension of the arrows correspon
the study area are not available. However, th&o the straight-line segments. Next, starting vifie
predominant waves are classified as of the sea typefraction diagrams, the average values of wave
(DAVIES, 1972), which is confirmed by the wave heights and the angle of the incidence of each eagm
statistics exhibited in Hogben and Lumb (1967). Thavere computed. In the majority of the coastal
average directions and annual frequencies of loc&egments corresponding to the islands of Tinhadé an
winds which can generate waves affecting th&oipeba, for reasons imposed by the scale of
coastline are the following: NE (N 45°) - 18%, E (Nobservation used in the present paper, the straight
90°) - 47%, SE (N 135°) - 30%, SSE (N 157.5°) - 5%ining of the coastline segments smoothed their
These data correspond to a temporal series frorh 198regularities, thus locally modifying the angle$ o
to 1972 (DHN, 1993), registered in Salvador. incidence of the wave fronts with them.

The wave conditions used in the present The modeling in the vicinity of the ebb-tide
paper were extracted from Hogben and Lumb (1967¥eltas was not undertaken, since it was not passibl
who registered data by visual observations on fremo evaluate their influence on wave refraction, sithey
sea, taken from ships, which naturally implywere not adequately represented on the nautical.cha
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Fig. 2. Representative scheme of the manner intwhiave data are discriminated (bold
areas) in Hogben and Lumb (1967) in the directiomssidered in the present paper. The
average azimuths and predominant periods and pomdig heights are identified.

Sediment Composition 300 grains from each fraction, with a binocular
microscope. The frequency of the different sediment
grains in a sample was determined taking into aticou

The value obtained for drift intensity was the weight of each grain size fraction following a

multiplied by the percentage of annual frequency oprocedure described in Ginsburg (1956) and Purdy
the direction of the wind associated with the wave(1963).

front under consideration. In the coastal segméas The bioclasts were identified using a
present opposite drift directions throughout tharye diagnostic key published in Milliman (1974). Some
the direction of the net drift was defined consiiigr organisms such as the mollusks were grouped in just
the predominant direction, given by the differemée one class. The genus Halimeda was separated fom th
intensity between the opposing drifts. articulated calcareous algae group, due to its
Seventy-four sediment samples wereimportance as a component of the beach sediments in
collected at 2 km intervals, representative ofupper the region. Components present in insignificant
2 cm of the beach face (Fig. 3C). The sample was diumbers, such as bryozoans, worm tubes,
sieved at of ® (phi) interval. Compositional analyses echinoderms,  articulated  calcareous  algae,
were carried out only on those grain size fractionforaminifera, sponge spicules and non-identified

above fine (0.125 mm). The frequency of eaclyrains were grouped under the generic term of
constituent was determined through observation obthers".
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ResuLTs there is a significant predominance of siliciclagip
to 96%). Heavy minerals are practically inexistent.
Wave Regime and Sediment Longshore Transport Sector Ill: Composed essentially of

siliciclastic sands (70 to 98% of total sample).
directions modeled for the different segments int Rree%%rr(]iqlirrl]gt(:he Hbelgt\tll;’:lst?ﬂrfeﬂrz?ceg:csurangrargtci)(lzlglls;s
which the coastline was divided, as well as thos long the eﬁtire beach with a maximum contributio
extracted from geomorphic indicators, it becomingOf 20 '

evident that they are compatible with each othere O ' Sector IV: Composed essentially of
exception to this is to be observed in the vicirofy _.. . . . o

Ponta do Curral, which may be related to diffractiorElI(:I(:las’tIC sands (92 to 100% of total sampleheT

) .pioclasts are composed of coralline algae and
processes.probaitbly induced by the northern extygml ollusks, which are absent from the vicinity of the
of the Tinharé Island, a fact not taken into

. o . C Contas River. Heavy minerals are found throughout
consideration in the modeling. It is important toten y 9

. S . Il the beaches, with concentrations up to 12%.
that there are divergencies in the direction of ne%I ! P 0

X ; : . . icas and feldspars occur nearly exclusively in the
longshore drift at the |_slands of Tinharé and Bbepe southern half of the sector, reaching concentratimin
and near the Contas River.

0,
Figure 3B shows the average wave heigh%fJIOtO 9%.
along the coastline, at 1 km intervals.hisT

Figure 3A shows the net longshore drift

figure shows that the greatest wave heights Discussion ANDCONCLUSION
(between 0.6 and 1.1 m) were found in the uppér hal
of Sector |, in some segments corresponding to The sediment composition of the Dendé

coral reefs and coralline algae reefs of Sectoarll  Coast beaches directly reflects the levels of energy
in all of Sector IV. The smallest wave heightssources and patterns of sediment dispersion and the
(between 0.1 and 0.2 m) were found in Sector fil. | existence of protected areas and hard substrates.

the case of Sectors Il and 1V, it should be remaetbe The distribution of bioclasts shows a
that, where a barrier of coral and coralline algzafs ~ significant correlation with dominant environmental
exists, there is a tendency to a considerable teuuc conditions in each sector of the coastline. Wheralc

in the height of the waves that reach the beackeef and coralline algae barriers exist, with prtee
(KENCH; BRANDER, 2006), thus making them shallow low energy lagoons to their rear (Sector Il
significantly smaller than those foreseen in theFig. 3A), Halimeda grains are the most abundant
numerical model. However, it is reasonable to ekpegonstituent of beach sands (Fig. 3C). Furthermore,
that this reduction should be greater in Sectodlle these circumstances also favor the existence arfge |

to the presence of back-reef lagoons. variety and quantity of bioclastic components ie th
_ 3 beach sediments (Fig. 3C). It is also importantdten
Sediment Composition that only on the beaches of Sectors Il and Il are

] crustacean fragments present among the bioclastic
Figure 3C shows the results of thecomponents (Fig. 3C), which can be attributed to the
composition analysis. It is possible to identifyittW prevailing low wave heights (Fig. 3B) already
was divided, two types of sedimentary grainguilliman (1974) and Short and Hesp (1999), due to
(siliciclastic ~ and  bioclastic), and different the fragility of their exoskeletons, can only be
concentrations and  associations  of  bioclastigreserved in low energy environments.
components, as described below: _ In the coastal segments where coral reef and
Sector I:  Composed essentially  ofcoralline algae reef banks are present adjacettteto
siliciclastic sands (83 to 100% of total sample)peach (without back-reef lagoons, Sector IV, Fi§),3
Regarding the bioclasts, the greater percentages Wehe small variety and abundance of bioclastic
found in the northern portion of the sector, with acomponents (Fig. 3C) may be attributed to the
preponderance of coralline algae and mollusks. fleayyrevailing greater wave energy levels than those of
minerals were found throughout the entire beachsector II. Furthermore, the reduced abundance of
attaining a maximum of 6%. Micas and feldsparshwit pjodetritus in this coastal segment may also betesll
a maximum of 1%, are present in the northern Half ao the longshore drift (Fig. 3A) which distributése
the sector. riverborne sediments delivered by the Contas River

Sector II: Composed essentially of bioclasticand thus contributes to the dilution of the biotitas
sands (80 to 100% of total sample), with a markedomponents (Fig. 3A).

preponderance of Halimeda, followed by coralline
algae and mollusks. On the Barra Beach (Fig. 3A)
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Fig. 3. (A) Geological map and net longshore sedimiensport; (B) average wave height along thesttioa; (C)
composition of beach sediments.

On the other hand, the absence of protectedppear in the beach sediment of a small coastal
environments behind the reef banks in Sector I\Vsdoesegment below the Contas River (Fig. 3C), these may
not favor the growth of Halimeda algae, as is thgec have their origin in the coralline-algae crustsspre in
in Sector Il. Regarding the coralline algae clakegt t the rocky coasts to be found there (Fig. 1) (R.K.P.
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Kikuchi, personal communication). Further, regagdin of the Contas river's mouths, the beach sands show
Sector 1V, there is a considerable coastal segmeritigher percentages of micas, feldspars and heavy
from the Contas River toward the North, where naminerals (Fig. 3C). These sandy riverborne sediments
bioclastic components occur in the beach sedimentse then distributed laterally by the longshoreftdri
(Fig. 3C). This absence appears to be related {&ig. 3A). On the other hand, the dominance of
dilution by riverborne sediments and to the abserice siliciclastic components in front of the crystadlin
hard substrates, thus inhibiting the development diasement outcrops (Figs. 3A and 3C) points to the
coralline algae and other organisms. local contribution of these rocks.

Regarding the coralline algae biodetritus on Finally, the results of the present paper show
the beaches of Sectors I, Il (Barra Beach) and Iy.(F that on the Dendé Coast, the composition and
3A), their origin may be related: a) in Sectord,the distribution of bioclastic components in the beach
submerged coralline-algae reef in the vicinity bét sediment directly reflect wave energy levels, anel t
Jequirica River, b) on Barra Beach, to the corallineavailability of hard substrates and protected ar€ams
algae reef which limits the beach at its Northerrfact shows that, although the classical papers on
extremity, and c) in Sector Ill, to the coralling@e sediment provenance emphasize the siliciclastic
reef existing in the vicinity of Carvalhos Bar. Higa fraction (COLONY, 1932; BEAL; SHEPARD, 1956;
it should also be remembered that the locatiorhef t GILES; PILKEY, 1965; POTTER, 1986, 1994), the
coral-algae reefs in Sector Il may have been faloreanalysis of the distribution of the bioclastic
by the existence of two divergence zones in the nebmponents can also propitiate means to adequately
longshore drift existing in the Sector (Fig 3A).fact, infer the environmental conditions along the caastl
it is probable that such divergence zones favoned t
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