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ABSTRACT

The mobility of surface sediments on the continesitalf has been investigated in this study by the
use of a simple model which relates significant evéreight and period @d and Tig) along with
median sediment grain size (D50). For thga&hd Ty values used, sediment mobilization occurs to
a maximum depth of approximately 60m and encompgasstally the entire continental shelf area.
By contrast, average winter wave values of H andam only remobilize half of this area. The
seafloor area remobilized by significant wave heighnd periods is in close agreement with the
spatial distribution of coarse grained ripples (Q®Bdforms mapped with sidescan sonar.

Resuwmo

A mobilidade dos sedimentos de superficie na mlata continental nordeste do estado da Babhia foi
investigada através da utilizagdo de um modelo Issengue relaciona os dados de altura e periodo
significativos (Hig e Tsig) e D50. Para os valores dejHe Tgq utilizados, a remobilizagdo do
sedimento ocorre até uma profundidade méaxima eno tde 60 m, em praticamente toda a area da
plataforma continental. Por outro lado, valoredide T médios, a remobilizagcdo ocorre em cerca de
metade dessa area. A area remobilizada por ondasaltora e periodo significantes é compativel
com ocorréncia de marcas de onda de granulacésegnepeadas por sonar de varredura lateral.

Descriptors: Northern coast of Bahia, Sediment iitgpbContinental shelf.
Descritores: Litoral norte da Bahia, Mobilidadesgelimento, Plataforma continental.

INTRODUCTION There are several detailed models of

remobilization and transportation of sediments on

Knowledge regarding the flow conditions continental shelves. However, due to the high

near the sea floor is important, for instance, redjzt computing time needed, these models have usually

sediment transport and the stability of engineerin&een applied to small spatial-temporal resolutifoms
structures, such as oil pipelines, and the momi¢paif which the data is sufficiently detailed (GRIFFINakt

benthic habitat distribution. Determination of sednt  2008). Less complex models, usually based on the
mobility on continental shelves provides a basis foSimPplification of the physical processes involvedye
the characterization (?) of the spatial and tendpor@€€n used to analyze the mobility of sediments on
nature of benthic habitats, since they can b¥arious scales. Examples of such applications have
distinguished by sediment composition and graie siz2€€" reported by different authors, including Harri
properties, together with transport and resuspansio and Coleman (1998); Porter-Smith et 004) and
detritus during storms (PORTER-SMITH et al., 2004) Criffin et al. (2008). Those authors have baseirth
On the other hand, the morphology of thestud!es on the_ S|mpI|f|ed_ empirical re_latlonshlps
sea floor contributes to the dissipation of graigmal  PUPlished by Clifton and Dingler (1984), in order to
waves, playing an important role in physical modelSalculate the thlreshold for the mobility of sedintsen
designed to predict coastal and oceanic circulatioflue to wave action.
(HOLMEDAL et al, 2003).
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Global wave models can be usedindicator of the remobilization of surface sedimbgt
guantitatively to estimate the area of the contialen wave action. Based on these considerations, thily stu
shelf affected by waves (HARRIS; COLEMAN, has as its principal objective an analysis of the
1998). The waves generated offshore by the windsiobility of the sediments on the continental shelf
determine the wave-energy arriving and dissipaiting bordering on the municipality of Conde on the
the coastal zone, forcing the coastal dynamicsiorthern coast of Bahia.

Because these waves are variable in time and space,

some approximation to the wave parameters for the Srupy AREA

analysis of the sediment mobility on the continenta

shelf on a regional scale is necessary (GRIFFIN,et a The study area (Fig. 1) is located in front of
2008). In this study we have used as wave parageteli e coastal plain of the ltapicuru River, in the

(1) Significant wave height (&) - the average mypicipality of Conde, on the northern coast of Bahia
height of the largest third of waves within a,nq encompasses an area of approximately 807 kmz.
certain period sampled; The shelf edge is located at a depth of approxiyate

(2) Significant wave period (f) - the average 5o m The Itapicuru River is the main source of
period for waves used to defingq sediments for the region. Its drainage basin

(3) Also, in order to undertake a more thoroughuncompasses an area equivalent to 36,440 km2, with
analysis, average winter wave height and period, average discharge flow of 30mé/second (SEI,
(Haygand T,9 were also used. o .. 1995).  According to Silva (2008), bioclastic
On the other hand, sediment mobility predictiongegiments predominate on this continental shelf.

need to be checked by verification in the field.coraliine algae are the dominant bioclasts, followed

Interaction of oscillatory flows with unconsoliddte by the foraminifera. Coralline algae are red alge t

sediments covering the sea floor may originatgecipitate calcium carbonate in their cellular lain

different bedform types. A type of bedform promptlyihe form of calcite crystals (DIAS, 2000). In thedy
recognized in sidescan records is the Coarse Graingth, these bioclasts are mainly associated witmays

Ripples (CGR). According to Leckie (1988), the CGRyaye| (Ca) facies described by Silva (2008) (Fig. 2

are bedforms commonly associated with the coarsgyrajiine algae clasts comprise over 90% of the wand

sand and gravel occurring on modern continentgj oy el facies. The siliciclastic fraction of thedzaent

shelves influenced by waves. The distribution aftsu ;o composed mainly of quartz sand (SILVA, 2000).
bedforms on the continental shelf may be used as an '
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Fig. 2. Map of textural sedimentary facies covgrihe continental shelf
bordering on the municipality of Conde, based olk'Bo(1974) scheme. Facies
A(c) = sand with subordinated gravel;, Facies Ac ravglish sand; Facies
Alc=muddy sand with gravel; Facies Al=muddy sanagiEs Cla=sandy-muddy
gravel; Facies Ca=sandy gravel; Facies La=sandy fmadiified from Silva,
2008).

According to Pianca et al. (2010), for themodel WAVEWATCH Il for the period extending
period from Januaryl997 to December 2007, E/SEom January 1997 to December 2007. Values gf H
waves generated by trade winds were dominant in trend T,,4 were obtained from the analysis of Pianca et
study area. The region is also affected by coldtfo al. (2010).
during fall/'winter, when southerly waves are The bathymetric, grain size and sidescan
noticeably present. The highest waves with thgéon data used in this study had been collected preljious
periods are those from the SE ,which are domiimant under the “Valleys Project - origin and evolutioh o
the winter time. During the summer, average wavé@cised valleys in the continental shelf of thetestaf
heights ranging from 1-2 m with periods of betwéen Bahia — Case Studies: Rio Itapicuru and Lagoa
and 8s are typical of the easterly waves. Duringencantada”, during 2006 and 2007. A total of 78
winter, average wave heights of 2—3 m and peridds surface sediment samples were collected using a Van
8-10s are dominant for southeasterly waves. Théeen grab sampler. Samples were spaced
highest waves observed for the period from Januagpproximately 4 km one from the other. Bathymetry
1997 — December 1997 were southeasterly, reachingnsas assessed using an eco-sound model GPU-1650

height of 4.3 m and a period of 17s. (FURUNO) and the sidescan survey was conducted
using a sidescan sonar (model Edge Tech 272-TD),
M ATERIAL AND M ETHOD operating on a frequency of 100 kHz (Fig. 1).
Dataset Wave Transformation

The wave parametersghiand Ty for the .
study area, derived from frequency tables available For the elaboration of the wave
the Oceanographic Institute of the University ob s3 transformation dlagrams, numerical wave modeling
Paulo’s (IO/USP) Coastal Dynamics Lab. websitd/@S conducted using MIKE21® NSW, developed by
<http:/ldc.io.usp.briwaves represent the 3-hourly PHI Water & Environment. Mike 21 NSW is a wind-

data available from the NOAA/NCEP wave generatiofVave, stationary, directionally decoupled pararoetri
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model, based on the approach proposed by Holthuijs¢éaking the H-wave height and the T-wave period of
et al. (1989). The model describes the propagatiothe wave into consideration.

growth and decay of short-period and short-crested

waves in near-shore areas, taking into account thémax=nd,/ T =nH/[Tsinh(2h/L)] (Eq.1)
effects of refraction and shoaling due to varyiegtth,

local wind generation and energy dissipation due to

bottom friction and wave breaking. MIKE 21 NSW The following equations derived from Airy’s
can be applied to the study of wave disturbance iwave theory were used for the calculation of theava
coastal areas and to calculate the wave conditiads length (L).

associated radiation stresses (for further infoionat

consult: L.=gT2n (Eq.2a);
http://www.dhisoftware.com/upload/dhisoftwarearchiv
e/papersanddocs/waves/M21_NSW >Validation.pdf ) L; = L.[tanh(2th/L.)]"? (Eq.2by;

These refracted wave height diagrams were
prepared on MIKE 21 NSW using the following wavewhere L, represents the simplification for deep water,
parameters: g, (3m) and Tjg (13s); Hyg (2.5 m) and h > L/2 and L corresponds to the general expression
Tavg (95), all of them with an initial N135° incoming for intermediate water when %2 > h/ b 1/20. The
direction. acceleration due to gravity is represented by g,

The choice of the southeasterly waveconsidered in this study to be 980 cm/s2. When the
direction was due to the fact that this is the d@nt near bed currents accelerate from 0 to a maximum
wave direction in winter, the most energetic seasotumax value, they may exceed the threshold value
Bathymetry was bilinearly interpolated on the MIKE® (Ucr) for the mobility of sediment, and sediment
ZERO Bathymetry Editor. remobilization occurs.

Diagrams for the refracted wave height and Calculations of the critical orbital velocity foreh
wave period for the study area, as well as bathggmet mobility of sediment (Ucr) were carried out usirg t
data, were exported to ArcMap8.3oftware, in grid relations published by Clifton and Dingler (1984),
format (100x100 m), and were subsequently converteahich, for quartz density particles, expressednmsc
into “Raster” type files. The median grain size (P50 units, are reduced to:
of the sediment samples was converted from the phi
scale into centimeters and interpolated by the IDWcr = 33.3(TDJ*cm/s, B <0.05 cm (Eq.3a)
method (100x100 m) in order to obtain a continuous

surface. Ucr = 71.4(TB)*" cm/s, Bg>0.05 cm (Eq.3b)

Despite the fact that the viscosity of water

Determination of Maximum Orbital Velocity and Cciil varies as a function of temperature and salinitghs
Orbital Velocity for Onset of Movement data have been maintained constant in the equamns
and 3b (CLIFTON; DINGLER, 1984). In addition to

_ at, the density of quartz (2.65 gfmwas

While it propagates on the sea surface, everg‘eneralized to all the sediments” constituentgesihe

wave sets the water particles in motion. When th . X .
water depth(h) is significantly greater than the ensity of calcite (2.71 g/cly constituent of the

wavelength of the wave (L), the wave assumes 3e|lu|ar wall of the coralline algae which predoat&
senoidal  form and the wéter-particle movement” the sediments of the region, is very similathat of
induced is practically circular. The orbital diaeet quartz.

(d,) (CLIFTON: DINGLER, 1984) is exponentially Matrix files in raster format were generated

reduced as a function of depth, reaching zero at tﬁ’md mampula}ed for the d|fferept variables, USImEp
depth corresponding to half the wavelength. mallgebra functions of ArcGis®, in order to obtaire th
shallower water, where interaction with the seaiflo values of Umax and Ucr. The values calculatedtier t

: : . maximum orbital velocity (Umax) were then
takes place, the orbits described by the wateiciest -
p ! y compared to the values calculated for the critical

are deformed, formin ellipses that become ; . .
! g P elocity required for the onset of sediment movemen

progressively flattened as the sea floor approache&J idering that in locati h U S
Immediately above the floor, the elliptical movernen cn). considering that In locations where Umax
Ucr, the sediment was mobile.

is transformed into a horizontal oscillation. X
The results obtained were then compared

Based on Airy’s wave theory, Komar and Miller . N
: . . ) . with the spatial distribution of the CGR bedforms as
(1998), the maximum orbital velocity at h-depthngsi interpreted (exemplified in Figure 3) in the sicesc

equation 1 (Umax maximum velocity at a fixed point d ilable for the stud
on the bed) and the L-wavelength were estimate({i‘,ecor S avarable for the study area.
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.

REesuLTs incised valley of the lItapicuru river on the shelf,
causing divergence of the wave rays and therefore
The wave height diagrams for incomingdigsipation of wave energy. The lower wave enémgy
significant waves (Fig. 4) show that thgreatest thls_ area p_ossnbly favors the a_ccumu_latlon of finer
heights along the shoreline occur in the southwe&rained sediments that characterizes this zone.
portion of the study area, as a result of wave oy Areas where no remobilization of sediments

(convergence of wave rays). The lowest wave height@0k place are located offshore (Fig. 5), at depmths
(2 — 2.5 m) occur in the center of the study area. over 45 — 60 m, and in a small por'Flon of th.e meddl
Regarding the values ofggland T;yused in continental shelf, where coarser grained sedimames

the modeling, remobilization of sediments takes@la Present, together with the occurrence of lower wave

up to a maximum depth of approximately 60 m (Fig.heights-

5). These results show that sediment remobilization The modeling using K, and Ty values

occurs virtually throughout the continental shelfSNOWS an area that is constantly being remobilized
(~95%). Modeling of sediment mobility using winter UNder average winter weather conditions (Fig. 5 —
Havg and Ty Shows that sediments are remobilized tg\f€a Remobilized ‘Under Average Winter Wave
a maximum depth of 45 m (Fig. 5). Conditions). The deeper remobilizations caused by

The CGR bedforms identified in the sidescarfVeérage incoming winter waves occur where fine
sonar records are ubiquitous on all the coarsergedi 9rained sediments are present, and only a smaé zon
facies in the study area, even at depths of 50ig (F of coarser sediments, located in the southweshef t

5). Their distribution corroborates the modeling’sStudy area, is remobilized. The area remobilizedenn
results. average winter wave conditions comprises a region
approximately half the size of that remobilized by
Discussion significant waves. While the former, in some places
did not even remobilize sediments at depths of less

in the ce:the? g}‘ﬁ’ﬁ; \;Vti\(/jey g?é%hitﬁ f(rzor;[ ?)%Sthrtgmﬂreusenihan 20 m, the latter remobilized the sediment
River mouth are probably due to the presence of thtgroughout the shelf and even beyond it
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The comparison of the modeling results with REFERENCES
the spatial distribution of CGR bedforms shows a
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