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ABSTRACT

Side-scan sonar surveys were carried out in twiereifit areas on the inner continental shelf off the
state of Espirito Santo (southeastern Brazil, Are@uarapari Inner shelf -GUA and Area 2- Espirito
Santo Bay - BES) and revealed bedforms much likeseahknown as storm-generated bedforms.
These bedforms are characterized by bands of find sleposited alternately over a coarse sand
bottom, generating a deposit pattern of bandsr# fiand intercalated with bands of coarse sand
occurring between water depths of 25 to 30 m aveltfh eight m in GUA and ESB, respectively. In
both areas, patches of coarse sand reveal therencarof wave-generated ripples, with crests that
tend to be parallel to the coastline. The faciesmmsition consists of very fine to fine muddy
carbonate sands with siliciclastic fine gravel il&and coarse to medium sand with bioclastic
gravel in BES. Thus, the influence of storm curseartd waves in the formation and maintenance of
these storm-generated bedforms is clear. Howeber,ctassification of the hydrodynamics and
sediment transportation is required for estimatimg formation, transportation and maintenance of
these bedforms.

Resuwmo

Levantamentos sonograficos desenvolvidos em deas @la plataforma interna adjacente ao estado
do Espirito Santo revelam formas de fundo cujaeonigg fortemente relacionada a eventos de
tempestades. Estas sé@o caracterizadas por altemaie bandas de areias finas sobrepostas, de
forma alternada, a um fundo de areias grossasndmrenanchas de areias grossas intercaladas
abruptamente com faixas de areias finas a profaddisl de 25-30 m para GUA e de 05-08 m para
BES. Em ambas as areas as faixas de areias gagmss&entam marcas de ondulacéo geradas por
ondas com orientacédo levemente paralela a lintzosta. A sedimentologia de GUA é composta por
areias finas a muito finas lamosas carbonaticas casunalhos siliciclasticos e a de BES por areias
grossas e médias com cascalhos biodetriticos. Deste, é clara a acdo de correntes/ondas de
tempestade no fundo marinho de GUA e de BES; poaéahassificacdo quanto ao comportamento
hidrodinamico e ao transporte de sedimento é n&daspara as estimativas sobre a formacéo,
transporte e manutencéo das feigdes encontradas.

Descriptors: Storm events, Bedform, TempestiteseriContinental shelf, Brazil.
Descritores: Tempestades, Formas de fundo, Terggedlataforma continental, Brasil.

INTRODUCTION consequential combined effect of sediment erodybili
transportation and depositional processes. Sedanent
Jeatures (e.g. bedforms), found on the seabed, are

responsible for the transport and fluxes dirsent developed as a result of such processes. In ther, t
particles along and across the continental sheif aftructural formation will be representative of tiype

governed by tidally-induced currents, wave-orbitaPf flow (transporting agent) and associated trarispo

flows, wind-driven flows, buoyant plumes, densitymOdes of the sedimentary material (transportable

currents and internal waves (NITTROUER'agem)' acting during their formation and evolution

WRIGHT, 1994). The shelf seabed morphology andpedform investigations are, usually, associated with
associated morphological  changes  are th@bservations of their morphology and sediment

The most important physical processe
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composition, which may indicate the type of flovath collections in order to characterize, understand an
induced their development. However, during theadentify the sediment behavior and hydrodynamies th
evolutionary process of bedforms, a stratigraphigive rise to bedforms stemming from storm events.
signature is produced, which will be associatea@jrag Transverse bodies of sand were identified by
to the type of flow that induced the continuingKenyon (1970) in side-scan sonar images in the
evolution (migration) of the bedform. northeastern Celtic sea, such as homogenous, light-
On continental shelves dominated bycolored bodies standing out against a bed of darks
microtidal patterns, wave action is the mainthat represent basal conglomerates from the Hotocen
determinant of sediment transportation and storntransgression. These bodies (called “tabular sand
generated waves and currents are the main elemeptstches” (Fig. 1A)) have lengths and heights in the
responsible for the large-scale re-mobilization andange of 500 m and 2.0~4.0 m, respectively, inegith
transportation of bottom sediments (GOFF et alsymmetrical or asymmetrical elongated crescent
2005). Among the storm-generated bedformshapes oriented transversally to the tide currénts.
described thus far, there are "tabular sand pdtchestratigraphic profile, these features consist ofl-we
(KENYON, 1970), “hummocky megaripples” (SWIFT selected fine and medium-coarse sands, startimg &o
et al., 1983; AMOS et al., 1996) and “rippled scoubase of coarser sand and progressing gradualigep f
depressions” (CACCHIONE et al., 1984), which weresands toward the top. These forms are currently
recently reclassified as “sorted bedforms” by Mwrra studied as developed from storm events due to this
and Thieler (2004) due to the new hypotheses ptht fo sediment grading and well-selected characteritic.
by the authors regarding the maintenance an@rms of formation, the hydrodynamics of a storm
positioning of these bedforms. produces a coarse rippled bed by removing fine
All bedforms mentioned above have thesediments. In other words, the base of the saruhesit
same morphological/sedimentological characteristicds formed by coarse rippled sediments that theggner
elongated bands/patches of coarse rippled sedimemthe waves was unable to suspend. As they oatur o
along with abrupt contact limits between theseontinental shelves dominated by weak tidal regime
forms and fine sand domains. Storm-generatednd fine sediments, these bedforms have consigerabl
bedforms described thus far are found in areas @feservation potential. This occurs because a tsligh
either symmetrical or asymmetrical deposits of fingeduction in the intensity of the currents allov t
sand intercalated by abrupt contact with eleedya depositing of mud (KENYON, 1970).
or patchy bands of coarse sediment with ripple mark Due to this preservation capability, the
Reliefs in domains of fine and coarse sand itranverse sand patches found by Kenyon (1970)en th
relation to the ocean bottom are also foun@eltic Sea may be made up of more than 50%
within a range of approximately < 1 m and < -1 mpiodetritus from carbonatic carapaces and skeletbns
respectively.  Despite  these similarities, thébenthic organisms, which are able to develop iessit
geometry of the patches with regard to symynet where sediment remains stable for a certain pesfod
is a difference that reflects the divergencesedi time. There may also be segregations in the
thus far regarding the hydrodynamics responsibte facomposition of the seabed features, such as those
the formation, maintenance and spatial positiomihg found in the English Channel, where the composition
these bedforms (MURRAY; THIELER, 2004). of sand patchesaries from purely siliciclastic bodies
This paper presents a review of the mairto carbonatic biodentritus bodies (BELDERSON et al.,
storm-generated bedforms described in the liteeatur1982).
highlighting their principal differences. Furtherrap Upon first contact, Swift et al. (1983)
two case studies are described that indicate ttpeculated that tempestites (deposits formed fiman t
occurrence of storm-generated bedforms on the innaction of currents and storm waves) were the cafise
continental shelf off the state of Espirito Santdhe existence of sediments arranged in gradational

(southeastern Brazil). layers with hummocky and cross stratification layer
formed during winter storms in the North Atlantic.

Bedforms According to the author, the hummocky layers

] originated from hummocky cross stratifications,

Sand Patches and Hummocky Megaripples which, in turn, resulted from the generation and

migration of a particular bedform — hummocky
rgegaripples (AMOS et al., 1996).
Hummocky megaripples (HMRs) are
s composed of irregular, undulating, three-
dimensional features similar to small incurved ntsun
%\%th a low horizontal angle and large dimensions,
pable of reaching various meters in length afedva

The continental shelf is an environment with
active sediment affected by the action of waves an
longitudinal currents. The largest and most compIeBedform
bedforms on the continental shelf originate in thjse
of environment (LOPES et al., 2003). Within thistva
area, a number of authors have carried out da
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decimeters in height (KLEINHANS et al., 2004). (AMOS et al., 1996) and side-scan sonograms to
These deposits, which are formed by fine andlassify them as formed in the transition of lamina
medium-coarse sands, are found overlapping coarbettom flows to those of saltation/suspension over
and very coarse sand bottoms molded wittstrongly undulating flows combined with constant,
asymmetrical ripple marks HMRs appear on the oceamiform currents.
floor during storms in environments with shallow.
waters, but there are as yet no conclusive hypethes Rippled Scour Depressions and Sorted Bedforms
regarding the hydrodynamic conditions of their o )
formation. Greenwood and Sherman (1986) suggest Another characteristic feature of high energy
that hummocky megaripples are formed in thevents are the controversial “Rippled Scour
transition from rippled bedforms to the levelingtbe ~ Depressions” (RSDs). These bedforms (Fig. 2A)
sea floor due to strong storm currents. Howeveld€came known through papers by Cacchione et al.
experimental tests carried out by Southard an(ll984), Cacchione et al. (1983) and Hunter et al.
Boguchwal (1990) demonstrate HMRs in the presendd 982), in which sonar data from the Coastal Ocean
of strong, purely oscillatory flows (WALKER; Dynamics Experiment(CODE), box cores, low-
JAMES, 1992). In a recent study, Li and Amos (1999frequency seismic data, tripods for collecting
state that, as the strength of the storm diministies nydrodynamic data on the seabed and, consequently,
suspended sediment is rapidly deposited, therekﬁﬁdlment transport data were Useq. On the conéihent
modeling the hummocky megaripples by aShelf near Bodega Bay (California) and the
combination of continual currents and oscillatimfs northeastern Bering Sea (Alaska), the authors
the long waves that are characteristic of a dedfine investigated features made up of broad channe0(~1
storm energy. There are also studies carried othen t© 200 m) carved with a negative relief of ~1 m in
inner continental shelf of the North Sea (SWIFTelation to the ocean floor, ranging in length fram
1985: VAN DE MEENE et al., 1996) that credit thefew to many hundred kilometers, composed of coarse
formation of hummocky megaripples to the dominangediments in the form of large ripples oblique he t
wave action with a slight overlapping of currents. ~ €dges of the channel throughout their entire leagth
Observing hummocky megaripples at theorlented transversally to the coast. These demessi
structural level, the cross stratifications in thedre positioned alternately alongside other sediment
hummocky megaripples indicate a Combined Structures, n eXtreme|y abrupt ContaCt, made Up Of
oscillatory flow action (CHEEL; LECKIE, 1992). finer sandy sediments with a positive relief inatin
Amos et al. (1996) examined HMRs on the continentdP the seabed and having small ripples with a
shelf of Nova Scotia near Sable Island and use@aximum of 5 cm in height and 30 cm of wavelength
hydrodynamic data from recent storms, box core§CACCHIONE et al., 1984).

Fig. 1. Seabed image of Sand
patches of Chesil Beach (Lyme
Bay, southern UK) — dark gray
tones represent coarse
sediments with high acoustic
reflection and light gray tones
represent fine sediments of low
acoustic reflection.
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According to Cacchione et al. (1984), thesediment features. Another point of disagreemeit is
hydrodynamics related to these bedforms start thith the lack of explanation regarding the deposit sites
principle of erosion of the seabed due to the retifr the fine sediment and its arrangement in relatiothné
an uneven flow through downwelling of the watercarved out channels. Thus, the authors proposeva ne
from the coastal set up that occurs during theoaatf  classification of storm-generated bedforms — “gbrte
a storm. Associated to strong storm waves anbedforms” (SBs). This classification emerged
obstacles (redirecting and intensifying bottomfollowing a reworking of the suppositions regarding
currents), this return current is thought to bdisieht the formation, maintenance and positioning of RSDs
for the formation of the eroded channels and rippleut forth by Cacchione (1984).
marks contained in the remaining coarse sediments. The new hypothesis regarding the origin of
According to the authors, bed shear stress valu€dSDs (or the hypothesis of the origin of sorted
match those necessary for the formation of wellbedforms) involves the large wave-generated ripple
developed ripple marks in coarse sedimentanarks in the coarse material. Wave movements that
Suspended fine sediment is thought to be theimteract with these rippled elements generate botto
deposited in adjacent areas with less turbulencéyrbulence, which is intensified in comparison hatt
thereby forming deposits of fine sand. over other areas. This factor intensifies the bHeebs

However, studying the continental shelfstress, inhibiting the fine material from depogition
dominated by storms off North Carolina, USAareas dominated by coarse sediment. Thus, the
(Wrightsville Beach), Murray and Thieler (2004) mis suspended sediment is carried by the currents and
contradictory hypotheses to those proposed bgeposited in areas with finer sands. This hypoghissi
Cacchione et al. (1984) regarding the forming forcesised as a self-organization of the seabed fegture
and maintenance of these RSDs. According to Murratending to accumulate fine sediment in areas of fin
and Thieler (2004), besides the notion that retursediment and impeding its depositing on coarse
flows through downwelling are insufficient when sediment areas, regardless of the intensity of the
considering a large area of occupation by a rippledrevailing hydrodynamic forces. Over time, small
scour depression, the speculation of rocks afeatures interact with one another, forming patesh
contributing toward the increase in flow intensity  large-scale, well-organized RSDs — “sorted bedforms”
the ocean floor has little basis, as their positonot (Figs 2B and 2C) (MURRAY; THIELER, 2004;
obviously correspondent to the position of theGOFF et al., 2005).

42N

Rippled scour
depression

Fig. 2. A: Image of “Rippled Scour Depression” —fldgray tones represent coarse sediments with éiglustic
reflection and light gray tones represent fine isthits of low acoustic reflection (EITTREIM et &0Q02). B and

C: Mosaics composed of sonograms containing “Sdrtform$ — dark gray tones represent coarse sediments
and light gray tones represent fine sediments (G&FHF., 2005; MURRAY AND THIELER, 2004).
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Unlike the RSDs described by Cacchionefuture. RSDs differ from SBs in the hypotheses of
(1984), SBs have indications of the action ofmaintenance and spatial distribution, thereby sings
longitudinal currents in relation to the coastlimdiich  the capacity of the SBs for self-organization and
are represented by gradual contact at one of mhiésli migration and relegating the theories by Murray and
between fine and coarse sand domains. Whil&€hieler (2004) regarding the formation of these
Cacchione et al. (1984) states that the positiomihg bedforms to a secondary plane.
the band of coarser sediment is symmetric and
centered in the low relief of the carved out chésine CASE STUDIES —SOUTHEAST BRAZIL
Murray and Thieler (2004) show that, in the case of
SBs, this band is asymmetric at the base/centdreof The main interest of the present study is to

slope, upstream from the longitudinal flow, betweenyq\, morphological and sedimentological evidence of
the fine sand and coarse sand domains. Added to thgqforms and sediment deposits linked to high-gnerg
fact that the contact limit between the domaingyents, demonstrating the occurrence of theserésatu
upstream from the longitudinal flow is gradual &  ;, goytheastern Brazil. Two areas of the inner
a positive relief, whereas the downstream contaBt | o iinental shelf off the state of Espirito Sante a
is abrupt, there is a perceivable tendency towhed t yresented (Fig. 3): Area 1 (inner continental sbéff
migration and maintenance of the SBs in thene city of Guarapari - GUA); and Area 2 (Espirito
environment  regardless  of the environmentak,nto Bay - BES). These areas are wave-dominated in
conditions. ) terms of prevailing hydrodynamics and exhibit the
However, it should be stressed that the selfsame ped morphological ~characteristics as those

organization and migration of the elongated feaureyescriped by other authors when investigating storm
transversal to the coast made up of coarse masegal generated deposits.

not necessarily sorted bedforms to be developéidein

Fig. 3. Location of study areas: GUA —
Inner continental shelf of the city of
Guarapari, B; BES - Espirito Santo Bay.
Coordinates are in UTM, Zone 248S, with
WGS84 Datum.
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Side-scan sonar surveys were performedharacterized as patches of sandy mud and muddy
along both areas during the winter of 2007. Seabeshnds with no predominant spatial geometry, depasit
imaging was conducted using an Edgeté&h0 side- on a bottom of coarse-rippled sands mostly oriented
scan sonar with a 560p model digital processoparallel to the coast. As the lines from the senavey
together with an EdgetecB72TD transducer (deep are transversal to the coast, the features in sonad!
tow system that operates at 500 kHz), coupled to @eas were both parallel and transversal to the
GarminGPS Map 76S. The data were later processetbastline, forming various sequences of light-cador
using the SonarWiz.Map software program relatively symmetrical lines on the sonogram.
(Cheasepeak Ing. for the confection of the Additionally, chaotic, asymmetrical, misshapen
sonographic mosaics. Surface samples and shdeatures with little or no orientation were found.
pushing-cores were collected for the definition of The sediments in areas of low backscattern
sediment composition associated with the reflectionf the acoustic signal were fine to very fine muddy
pattern found on the sonograms and sedimentologichioclastic sands, corroborating the classic hypsithe
characterization of the deposits. The samples wefellowed by Belderson et al. (1982) and Kenyon
processed to determine sediment grain size an(@970) for the formation of tabular sand patches.
carbonate content (Fig. 4). Bedform height wadikewise, sediments in areas of high acoustic
measured based on the seabed images collectea by teflection were related to medium to coarse
side-scan sonar and sub-bottom seismic profiles. lithobioclastic sands (Figs 4C and 4D). Two short

Regarding the hydrodynamics, both areagpushing cores were collected to characterize the
have a microtidal pattern, with waves coming mainlysedimentary deposits over the bedform. Core
from the NE — E and SE — E directions, the formemterpretation is shown in Figure 5.
being the dominant direction, and the latter beimg The two cores collected over the deposit
storm-associated direction. The two wind systems istudied corroborate the concept of storm-generated
the region (NE — ENE and SE) govern the behavior diedforms. TP was collected in the low backscattern
these waves. Higher-energy waves are associated wpattern and shows typical fining-upward gradational
cold fronts from the south, whereas lower-energgrain sequences. TR was collected in the coarse-
waves from the northeastern sector are predominarippled bed and is characterized by lithobioclastic
throughout most of the year. Significant wave heighcoarse sands at the top, overlaying a fining-upward
ranges from 0.6 to 0.9 m, reaching peaks of 1.5 mradational sequence. It seems that the first 2tm
(ALBINO, 1999). TP is a typical tempestite, deposited over a colage

The area off Guarapari is an open shelfleposit, in this case, a shell hash. It's intengstio
characterized by a transition from siliciclastic tonote that the fining-upward sequence in TR (sequence
biogenic sediments. In general, areas deeper than 2B, 19-59 cm) is very similar in grain size and
are dominated by biogenic sediments withcomposition to the sequence B defined in TP. One
approximately 70% CaCQOThe sediments are coarse-could consider that sequence A from TR would be
sized, ranging from sand to gravel (CETTO;correlated with TP's sequence B, however their
BASTOS, 2006; CETTO; BASTOS, 2007) and mainlycompositions are very distinct.
composed of bryozoan reef gravel and bioclastic
sands. The Espirito Santo Bay is located about 50 km Espirito Santo Bay
north from Guarapari, being a sheltered area as
compared to Area 1. The bed is composed mainly dfhe bedforms found in Espirito Santo Bay were
terrigenous sediments ranging from medium to fin€oncentrated preferentially in the northeasterriigor
sands (SW-NE direction) and mud, with coarse sand¥ the bay at depths of 5 to 8 m (Fig. 6). These
tending to concentrate in more central and outeasar bedforms were characterized by long patches of
of the bay. This pattern is associated with thénuddy fine sand (low reflection pattern on the
incidence of waves, which generate a shadow area $®nograms) intercalated in abrupt contract by match
the north-easternmost portion of the bay. Hencis it of coarse and very coarse sand with associateteripp
important to note that the two areas studied ar@arks. The patches of fine sand were arranged in a
morphologically and sedimentologically distinct, chaotic manner, with a slight tendency toward being
although they are subject to similar meteorologicd ~ perpendicular to the coastline, and became

oceanographic forcing conditions. increasingly less frequent toward the eastern 8)dw{(
the bay until no longer present, giving way to mydd
Inner Shelf — Guarapari sand bottoms with no ornamentation. The sediments

found in BES were made up of marls or very fine
Seabed imaging along GUA revealed thanuddy silicibioclastic sands as well as coarseexy v
occurrence of storm-generated bedforms prefergntialcoarse siliciclastic sands in areas of high and low
situated at depths of 20 to 30 m. These weracoustic reflection, respectively.



MOSCON AND BASTOS: STORM-GENERATED BEDFORMS ALON®STHEAST BRAZIL 51

345000 347000 349000 351000 353000 355000 357000
£y i i A i i L i i i i L i

I >
IJ 'ﬁ‘.}' ,E
§_ _E
I3
& =
g_ | =
A B
Iy LU0
F i
B ii
£ © s
g K3
£, 5
£ | E
k. '3
g_ _E
- =
2
g_ | =
":- L] 1,000 2000 4 000 ©000 8,000 2
- 1

T T T T T T T T T T T
345000 347000 349000 351000 353000 355000 357000

Fig. 4. Side-scan sonar images showing the ocateref storm-generated bedforms. High-resolution
(500 kHz) sonograms (two images in the lower pahjw detailed acoustic characteristics of these
deposits. TR and TP represent the locations wheoepushing-cores were collected. TR is a higher
backscatterrarea representing a coarse rippled sand gravel Waleilst TP is the low backscattern
patterns representing very fine to muddy sands.
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Fig. 5. Sedimentological results for the two shuantescollected in GUA area. A) Core taken in the low ksmattern patch; B)
Core taken in the rippled bed (see Figure 4 foation). Legend®- CaCO3 content< - Sand contentj=- Mud content/—
- Gravel content.

Core analysis revealed a typical stormthis difference, as coarse remaining sediments are
sedimentary sequence characterized by a 20 to 30 dound on the bottom when there is greater
thick fine sand deposit overlaying a coarse to vergoncentration and strength of the bottom current.
coarse sand layer. The tempestite is represented by The striking difference between the two
sequence A in Figure 7A. Note that sequence A frorareas studied is the sediment composition and the
T1 (ES1) is absent in T2 (ES2) and is overlaying anean grain diameter. Although both areas had fine
coarse sand facies (sequence B). In this caseathe s sediments in low backscattern areas and coarse
coarse sand facies is observed in both cores,atidgc sediments in high backscattern areas on the
that the tempestites are overlaying a coarse lagpnograms, the GUA sediments were comparatively
deposit. coarser than the BES sediments. While fine sands are

In general, the results have pointed towargredominant in the GUA, there are very fine to marl
two domains of sedimentary facies presented in bottands found in the BES. There are very coarse to
case study areas: one with fine to very fine savitte  gravelly sands in the GUA and medium-coarse to very
mud and no obvious orientation in relation to thecoarse sands in the BES in the dark areas on the
coastline as well as no surface bedforms; andttiero sonograms. Accompanying this difference was the
with coarse sands with quite evident ripple marksgomposition regarding the concentration of carbemat
mostly oriented parallel to the coastline. The sediments found in low backscattern areas are

Hence, two sedimentary facies can bebioclastic, but the proportion of carbonates foumd
described: a rippled coarse sand facies and the GUA was 40% greater than that found in the BES.
featureless muddy sand facies. A detailed invetstiga The same was true for the high backscattern aneas,
of storm bedforms reveals that the rippled coaasels which the same difference in the concentration of
bed is characterized by wave-generated ripples wittarbonates was found.
heights ranging from 0.10 to 0.20 m and wavelengths
between 0.80 to 1.4 m. Ripple crests are straight to Discussion ANDCONCLUSIONS

sinuous, but tend to be parallel to the coastline. The bedforms found on the continental shelf
The greatest difference between the GUAyf southeastern Brazil are likely linked to storm
and BES in sonographic terms is the scale of th@vents, as they have the morphological
bedforms and contact between the fine and coarge sacnaracterization defined for this type of featufae
domains. Considering only the side-scan sonar scalégaped with coarse rippled sands indicates a strong
the features in the BES are well formed and largepygrodynamic event sufficient to suspend fine
whereas, in particular sites of the GUA, the fes8ur sediments and drag coarse bottom sediments, thereby
were diffuse, with smaller, less clear ]lmlts. Inet forming ripples. This suspended fine sediment &nth
BES, the contact between the domains was MOigposited in areas of lesser turbulence in the fofm

abrupt. The degree of intensification by thefeatureless patches of fine sand with no clear
mobilization by the bottom currents may have causegeometry.
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Fig. 6. Side-scan sonar images showing the ocateref storm-generated bedforms over Espirito
Santo Bay. High-resolution (500kHz) sonograms (twmges in the lower part) show detailed
acoustic characteristics of these deposits. T1Tanepresent the locations where two pushing-cores
were collected. T1 is the low backscattern patteepsesenting very fine to muddy sands, whilst T1
is a higher backscattern area representing a coppded bed.
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Fig. 7. Sedimentological results for the two stumttes collected in BES area. A) Core taken in tine backscattern patch; B)
Core taken in the rippled bed (see Figure 6 foation).

Analyzing only in terms of reflection continental shelves in a number of areas within the
patterns in the sonograms, morphology anceastern American shelf are relatively normal altivey
positioning, the bedforms found in the two studgaar coastline, with low sandwaves spaced approximately
were very similar to those originating from the re-10 to 100 m apart, generated by coastal currents
mobilization of the sea floor due to storm eventsparallel to the coast and caused by the wind, lege
patches of fine asymmetrical sands deposited oveedforms do not support the argument of eroded
coarse rippled sand beds. Unlike those proposed lohannels of negative relief suggested thus far
Cacchione et al. (1984) and Murray and Thiele(CACCHIONE et al., 1984).

(2004), the bedforms described here do not mateh th There is apparently no consensus regarding
large-scale elongated, carved bedforms obliquégo t coarse sand bottoms being re-mobilized only during
coastline investigated by these authors. Howelieret storm events that likely suspend, transport andsiep
are similarities to the features described by Kenyofine sands in locations of lesser turbulence. The
(1970), who classifies the fine sand patches degmbsi greatest difference between all these bedformiseis t
on lag deposits with ripple marks with transversabpatial distribution and geometry, which likelyleets
orientation to the direction of the main current. the direction of the transportation of sedimentshia

The table below (Table 1) shows the specifiarea investigated. On the other hand, it seemghisat
data on the morphological and hydrodynamicsand patch pattern observed in sidescan imagelecan
characteristics of sand patches, hummockyelated to wave-dominated shelves, or at least,
megaripples, rippled scour depressions and sortessociated with storm-induced bedforms/facies.
bedforms, including height and length of the feasur Finally, the results presented for the two case
and characteristics of the hydrodynamics linked tstudy areas have revealed the occurrence of storm-
their formation. Due to the considerable variety oinduced sedimentary facies. Two domains of
opinions and the increase in studies carried out asedimentary facies are described: a featurelesslynud
these bedforms derived from high-energy eventd) witsand sheet and coarse rippled sand facies. Shad co
characteristics of sand patches over coarse ripplekposed a typical storm sedimentary sequence bger t
beds, the classification of a recently discoverednuddy sand sheet, characterized by a 20 to 30 cm
sediment deposit should be made with considerabtaick tempestite deposit overlaying a coarse toy ver
caution. Besides the bedforms described above, Swifbarse rippled sand layer.
and Freeland (1978) state that bedforms on inner
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Table 1. Morphological and hydrodynamic charactiessof the bedforms of greater interest; H: Heighfine sand domain
and channel depth of coarse sand domain (whenntjese Length; W: Width; D: Depth of water colun{ienyon, 1970;
Amos et al., 1996; Cacchione et al., 1984; Murraytéeler, 2004).

CURRENT HYDRODYNAMIC H/L/WID ORIENTATION ORIENTATIO

BEDFORM "~ (Bottom) DOMAIN (m) (Coast) N “Ripples’ ST
~2.0 Kenyon (1970),
Weak tide + wave 500 Both domains:  Transversal tothe ~_Celtic Sea
Sand Patch <0.5m/s oscillation © Transversal tide flow Case Studies
© Presented
Here
Fine domain: 3- Swift et al.
o ~0.2 dimensional (1983)
Dissipative storm : '
HMR 03101 Wavg + uniform 3040 Undefined Coarse domain: ~ North Atlantic
m/s 0 Transversal to the  p t al
bottom current mos et al.
05-30 flow and storm (1996), Nova
waves Scotia
<1.0<1.0 Cacchione et al.
0.4100.2 1001000  Bothdomains:  |ransversaltothe (1984), Bodega
RSD m/s Storm wave 100200 Transversal flow of the Bay Hunter et
> a5 downwelling al. (1982),
Bering Sea
<2.0<-1.0 Murray and
B 0.4t00.2 Storm wave + ~500 Both domains: Transversal Thieler (2004),
m/s longitudinal current > 500 Transversal Wrightsville
>10 Beach
© Southern
GUA 0.5m/s Weak tide + Storm 0 Parallel and Parallel to the Brazil,
Bedform ! wave 0 transversal coast Guarapari inner
20-30 shelf - GUA
BES Weak tide + storm z Parallel to the ~ Souther Brazil,
Bedform 0,1 m/s wave + longitudinal o Transversal coast Espirito Santo
current 05-08 Bay - BES
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