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ABSTRACT _

CUADRADO, D.G. and PERILLO, G.M.E., 1996. Migration of intertidal sandbanks, Bahia Blanca Estuary, Argentina.
Journal ojCoastal Research, 1311),155-16:3. Fort Lauderdale (Floridal, ISSN 0749-0208.

Bahia Blanca is a mesotidal coastal-plain estuary characterized hy a shore-connected ebb tidal delta closing the mouth
of the Main Channel. an unusual feature in this kind of estuary. The study area comprises a series of banks and
channels cut through the southern lobe of the ebb delta. The objective of the study is to determine the evolution of
tho banks in the last 160 vears and to define their formation process.

To study the dynamic ;onditions of the area, a transport model was applied, considering the predominant tidal
current. Seismic information was available to define the subsoil structure. Historical maps dated back to 1833 to
present and currents were employed to determine the movement of the banks. The geoforms migrate toward the west
up to the Main Channel where the stronger ebb currents prevent a westward transport of the sediments. The detected
migration is only a local process. This observation rejects previous theory that supposed a large sand transport toward
the west that might fill the estuary.

ADDITIONAL INDEX WORDS: Ebb tidal delta, bank evolution, tidal currents, {load sinus, sediment transport, bank
miuration.

INTRODUCTION

Some 30 years ago, OPF (1963) described rhythmic linear
sand bodies around the world based on the study of detailed
bathymetric charts. His work involved the coasts of Asia, Af­
rica, South America, Australia, and it also considered the
ridges on the approaches to Bahia Blanca, Argentina. Since
then, specific studies haw been done in different regions such
as the North Sea (CASTON, 1972; CASTON, HJ811; Moreton
Bay, Australia (HARRIS et al.. 1992; Ht\lwiS and ,JONES,
1988): Bristol Channel (ST!WlE and BELDEI{SON, 1990, 1991;
HARRIS and COLLINS, 19911, and Chesapeake Bay (LIT[)­
WH'K, 19741.

Sand bodies parullel to currents have received different
names: tidal current ridges (OFF, 196:3), linear sand banks
(CASTON and STHIllE, 1970; Mr CAVE, 19791, sand ridges
ISwwl', Hl751, sand bars (KU:IN, 19701. Although some au­
thors considered those features as current-built, others at­
tributed their occurrence to relic topography or structural
control (SMITIl, 19691. Several models have been proposed for
the formation and mainl.enance of linear sand banks on both
continental shelves and estuaries ICA';TON, 1972: PIN(;REE
and MAI)IJ()('K, 1979; Me: C,\VE, 1979; HI'TIiNANCE,
1982a,bl, CASTON and STHIIJE 119701 found that nearshore
sand banks occur with wedge-interfingering channels: mean­
while further seaward the channels hetween sand banks are

9416.9 rcceircd IH Augu»! 1.9.94; ael"l'pled III rcrision 22 Fcbruorv
1.9.95.
Contribution N 277. Inst it.uto Argentino elf' ()l'l·ano~raria.

straight or slightly curved, almost parallel to one another,
and without transverse obstructions.

URlEN and EWIN(; (]974) described for the first time linear
shoals on the Argentina shelf. PARKER and PERILLO (1976)
and PARKER et al. (1978) detected shoreface-connected linear
shoals on the inner shelf south of the La Plata River estuary
that form angles with the coast of about 35". SWIPT et al.
(1978) suggested that these ridges are responses to intensive
flow induced by the passage of "southeasters" storms, like the
northeasters of the North American Atlantic Shelf (BEARDS­
LEY and BI'TMAN, 1974; BOICOURT and HACKER, 1976; LAV­
ELLE et al., 19761. Linear shoals also form on the outer reach­
es of wide-mouth macrotidal and mesotidal estuaries (HAYES,
1975 I. They normally exhibit similar characteristics to those
found on shelves. However, linear shoals have not been dis­
cussed previously in association with ebb-tidal deltas as the
one observed at the mouth of the Bahia Blanca Estuary.

Study Area

Bahia Blanca is a mesotidal coastal-plain estuary located
at the southern end of the Buenos Aires Province, Argentina
IFigure 11. It consists of a series of NW-SE channels that
cross extensive tidal flats and islands. The estuary behaves
as hvpersyncbronous (PERILLO and PICCOLO, 1991) as tidal
range and tidal current amplitude increase headward. In the
study area, the mean tidal amplitude is 2.4 m. Prevailing
winds art' from NW-N for over 40 1!r of the time while SE-S
winds have frequencies about 10'1r, (PICCOLO et al., 1989).
Wind is a major factor in the Bahia Blanca Estuary dynamics
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Figure 1. Location of the study area showing the position of three in­
ternal recording currentmeters (CF l , CF2, CF3 ) and three direct reading
currentmeters (A, B, C). The areas covered by Figure 2 (- -) and Fig­
ure 9 (- - - ) are shown.

since it produces strong delays or advances of the tidal wave
and large differences between the real and the predicted as­
tronomical tides as discussed by PERILLO and PICCOLO
(1991).

The wide mouth of the estuary is characterized by a shore­
connected ebb tidal delta (Figure 1) that acts as a ridge clos­
ing the entrance (PERILLO and CUADRADO, 1991). Therefore,
the exchange with the inner continental shelf is produced
through a series of parallel NNW-SSE channels. Several
elongated banks ranging from 1.5 to 3 km in length and up
to 1.5 km in width separate the channels. One of these chan­
nels, El Toro (Figure 2), is part of the navigation route to the
Bahia Blanca harbor system. This specific sector has to be
dredged periodically to comply with security regulations. The
maximum flood current at El Toro Channel is between 100­
110 em/sec; meanwhile, the maximum ebb currents are be­
tween 110-120 em/sec, Over the years, several modifications
of the navigation route have occurred at the El Toro Channel
area, because of large geomorphological changes and occa­
sional ship stranding.

MONTANEZ SANTIAGO (1972), after analyzing several nau­
tical charts covering almost 140 years, supposed that the ebb
delta was formed by the sand coming from Tejada Point lo­
cated on the northern coast. In his thesis, tidal currents cut
off the banks and the eroded material was carried inside the
estuary to form the tidal flats, filling the bay at a later date.
He also assumed that Del Sur Channel would close, and the
Largo Bank would move toward the west (Trinidad Island)
because of a general westward movement. A recent study of
the southern part of the study area (GOMEZ and PERILLO,
1992) reveals that the sediment transport is toward the east.
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Figure 2. Bathymetric map of the study area.
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RESULTS

a n estima tion of bot to m shea r stress (To') is based on the qua­
dratic law for shear s tress:

. f I ITo'" = sP u u

Tra nsport

344 X 10 '
142 X 10-'
190 X 10 4

Net

13.92
2.22
5.76

[erg/em? sec]

Ebb

73.40
58.59
6903

W = UTo

Flood

36.42
55.21
47.15

A
13
C

Station

Then, the net bedloa d for each s ta t ion was found by inte­
gra tion over a t ida l cycle of th e (excess ) stream power , r e­
s u lti ng in vectors of w in un its of erg/em".

wh ere p (1.0 2 g/cm") is the sea water density, 1I is t he depth ­
mea n lon gitudin al ve locity and f is t he Darcy-Weisba ch fric­
tion fa ctor . Ca lcu lation of f was made emp loying th e Man­
ning-Strickler equa tion (SLEATH, 1984 ):

I

(
k ):;f = 0.122 i

bein g k, = 2.5 Dso (the median in th e sand range) a nd To, the
thresh old va lue for Dc,o obtained fr om Shield's diagram (BAG­
NOLO, 1966).

Si milarly To' was ca lculated for t he tran s versal compone nt
of the velocity and both com pone n ts were composed in a
unique vector. At ea ch sta tion, t he excess of s trea m powe r
was obtaine d as :

Geomorphology and Sedimentology

The bathymetric map (Figu re 2) is th e result of the geo ­
m orphological survey mad e on September 1986. Depth val ues
are referred to the Datum Plane for th e a rea , wh ich is 2.4 4
m be low mean wa ter level. The obse rved chan ne ls are from
wes t to east : Del Su r , Del Toro a nd Au xili a r . In the sa me
order , th e banks a re Cu chillo, Redondo and Del Oeste. Del
Toro Channel is pa rt of th e main navigation en t ry to th e Ba­
h ia Bla nca harbor syste m a nd is marked by pairs of buoys at
one nautical mil e intervals . With in the study area, those
buoys are used for descriptive purposes a nd indicated in Fig­
ure 2 as pa irs N° 15, 14 a nd 13. This ch annel has depths of
more th an 10 m, except between buoys N° 13 and 14, wh ere
it ha s maximum depths of 10 m du e to dredging. The Auxili ar

consolida ted bed sediment t ra nspor t is proportional to s trea m
power (ur). PERILLO an d SEQUEIRA (1989), who studie d th e
inner part of the es t ua ry , us ed a n exce ss of s t ream power as
a n a pproximation to the bed load tra ns port for the a rea . Ex ­
cess shea r st re ss was ca lculated to avo id the use of a n effi­
ciency fac tor as proposed by BAGNOLD (1966):

Tab le 1. Flood and ebb currents in cm ls for the th ree currentmeter sta­
tions and the net value for each. The sediment tra nsport in erg / em' is also
shown.

PERILLO (1989) concluded tha t the t idal flats are re mnants
of a late Pl eistocen e-ea rly Holocen e delta complex and they
are now under an erosion a l process . Accumula tion within the
estua ry onl y occurs in very specific areas where dyn amic con­
di ti ons allow.

The t ida l delta is cha rac te rized by ebb- domin ated tidal cu r­
ren ts and closed by a zone distinguish ed by an eas twa rd se d­
iment transpor t . Therefore, the objec tive of the presen t study
is to determ ine the evolution of the banks located on th e
southern lobe of th e tidal de lta a nd to defin e th e ir formati on
pro cesses.

METHODS

To define the pr esent geomorphology of t he Del Oeste Bank
area , a gen eral survey was made on Sep tember 23~26 1986.
A 208 -kHz Raytheon echo sou nde r was used to m ak e the
bathymet ri c profil es , a nd a microwave ra nging device (Tris­
ponder del Norte Te ch) was employed as a na vigation system.
This instrumen t provided si mu lta neous measurements of dis­
tance from the su rv ey boat to two slave an tennae with ab ­
solute kn own position s. All dep th va lues were cor rected for
th e tidal va ria ti ons to the Datum Pla ne based on sim ulta­
neo us tid al recor ds obtained a t a n Oceanograph ic Tower im­
media tely offs hore of the estua ry (TO in Fi gu re 1) a nd at
Puerto Belgra no tida l sta ti on . To assess the evol uti on of th e
a rea, periodic bathym etri c surveys have bee n ma de by the
Direcci6n Nacion al de Cons t rucciones Portuarias y Vias Nav­
egables (DNCPVN ) providing an adequate data base for the
present s tudy .

Grain size (FOLK, 1974) was analyzed from 29 bottom sa m­
ples extr acted with a Shipek grab sampler. Th ree seismic pro ­
files mad e by N EDECO-ARc ONSULT (1983) we re considered
for stu dying th e substra tu m of the a rea. Seismic charts were
geologica lly interprete d with da ta provi ded by severa l vibra ­
cores and boreholes tha t rea ched depths of 3 a nd 6- 8 m , re ­
specti vely.

The t idal curre nt field for the zone was obtained by three
in tern a l-recording curre nt rnete rs and three dir ect-reading
curre n tmet er m oorings made by NEDECO-ARCONSULT
(1983) . Th e intern al -recording currentm ete rs were placed at
the ENE of the Auxiliar Channel (CF 1), a t El Toro Channel
(CF 2) a nd at the S of the s tudy area (CF3) (see Fi gu re l ).
Da ta collect ion spanned more th a n 20 days including a fu ll
spring a nd ne ap cycle . Each current vect or was decomposed
in a longitudinal component, pa ra lle l to the channel ax is and
positive in the ebb direct ion , with a transversal compon ent
positive to the right.

Th e di re ct -reading currentmete rs were placed as follows :
Curren tmeter A at Del Toro Cha n nel ; Cu rrentme ter B at Del
Sur Ch a nnel mouth , sou th of the Redondo Bank; and Cur­
rentmeter C a t the cha nne l nav igat ion sou th of'E l Toro Chan­
nel. The da ta were collected hourly during 13 hours at six
points in depth, during spri ng and neap tides . The re sults are
pr esented as de pth-mean cur rent vectors for each hou r.
Based on thi s inform ation, the flood a nd eb b resul ta nt was
found (Table 1).

Est im ate of the sedime n t trans port for the a rea was based
on th e theory of BAGNOLD (1963) tha t assu me s that th e un-
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Figure 3. Bathymetric profiles for legs WI, W2, W3, and W4. The coordinates in the map are in Gauss Kruger.

Figure 4. Grain size characteristics of the surficial sediment samples
taken in the study area.

and Del Sur channels have natural depths with 12 m and 22
m maximum values, respectively. They are closed on their
northern end (Del Sur northern end is not shown here) by a
relatively shallow sill that separates them from the Main
Channel.

The banks have an elongated shape, in particular Cuchillo
Bank, the largest. It is 3 km in length and 1 km in width;
Del Oeste Bank is the smallest bank, 1.5 km in length and
over 0.6 km in width. All of them have a NW-SE trend. They
are submerged during high tide and exposed from mid-tide

~ mud 0 medium sand

• coarse and 0 fine and very fine sand
very coarse sand 0

100%

50

down to all tidal conditions. Del Oeste Bank is bordered by
EI Toro Channel on the west and the Auxiliar Channel on
the east and has an apophysis at its southern end. In plan
view its northern flank has a rounded shape with a slope
angle of 1:200; the southern flank is narrow and elongated
with a slope of 1:350. Using the terms head and tail as the
opposite ends of the bank (CASTON, 1981), the Oeste Bank
has a rounded head upstream and a tapered tail.

A difference on the slopes at both sides of the bank was
detected only in the northern survey line (WI in Figure 3)
showing a steeper slope on the west side. The survey line
continues into the Main Channel that reaches about 22 m in
this area. The crest of the Oeste Bank is nearly flat, probably
due to the wind-wave erosion during low-tide when it be­
comes exposed. Wind-generated surface waves increase tur­
bulence and sand transport over the top of the banks at a
shallow depth, flattening or lowering the crest (HUTHNANCE,
1982b). At WI, W2 and W3 (Figure 3), the crest has a flat
shape coincidently with an aerial exposition of the bank; a
peak that represents the bank crest was observed at the
southern survey line (W4), the tail. It is important to point
out that the tail is always submerged. The apophysis on the
tail of the bank marks the western border of a flood sinus
that deepens to the south up to about 13 m. The channel
becomes narrower as it deepens, thus increasing the slope of
the flanks.

Sedimentologically the area is characterized by fine to very
fine sands (Figure 4). However, some differences could be de­
tected between channels and banks. In the former, mean
grain size is coarser than in the banks, but with unusual
large mud content. Normally the mud is dark green or grey ,
having the same characteristics as the sediments found at

Journal of Coastal Research, Vol. 13, No.1 , 1997
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Figure 5. Depths of the Chasico Fm. below datum level along seismic
lines. Profile AD runs on the northern side of the study area nearly par­
allel to the coast; profile EF is along the Auxiliar Channel and profile GI
follows Del Toro Channel. Note the sharp reduction near the point B
where the ebb delta is located.
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the bottom of the tidal channels occurring further south and
associated with the erosional scarps described by GOMEZ and
PERILLO (1992). Clearly, such sediments are not in equilib­
rium with the present conditions and correspond to erosional
areas (GOMEZ, 1988). Within the banks, some grain size gra­
dients were observed. In particular, Del Oeste Bank has
coarser material at its head and decreases toward its tail.

Stratigraphy

The Bahia Blanca Estuary is within the Colorado sedimen­
tary basin, which consists of Medium to Lower Cretacic sed­
iments at its base, covered by Pliocene to Recent sediments
(ZAMBRANO, 1971, 1972). Between the Pliocene Chasic6 Fm.
and the Pleistocene Pampa Fm., there is a marked erosional
discordance that has been observed at different depths in the
area. A series of terraces appears on the northern boundary
of the area, at depths between 13 and 15 m. Such geoforms
were found south of EI Toro Channel and are described for
the Largo Channel by GOMEZ and PERILLO (1994). They can
be clearly correlated with those described by ALIOTTA and
PERILLO (1987) on the northern shore of the estuary near
Puerto Belgrano. Always, these terraces are developed on
partly cemented sandy material of the Chasic6 Fm. , covered
discordantly by recent sediments.

The Chasic6 Fm. is detected by three seismic profiles (N E­
DECO-ARcONSULT, 1983) at different depths (Figure 5). For
most of the area, the top of the Chasic6 Fm. is at depths below
15 m. However, at Point B (Figure 5), the top becomes shal­
lower reaching only 11 m and maintaining that level for the
rest of the run in the offshore direction. In two sectors cor­
responding to Del Toro and Auxiliar channels, respectively,
the discordance was observed below 25 m, reaching a maxi­
mum of 28 m. Pleistocene sediments corresponding to the
Pampa Fm. are on top of the discordance. They consist of
sand, showing cross bedding structures. Although both for­
mations have very similar characteristics, differences are
identified by the presence of volcanic glass, over 15% of the
younger formation.

Figure 6. Mean longitudinal and transversal velocity components re­
sulting by three internal recording currentmeters.

Circulation and Sediment Transport

The maximum ebb and flood current speeds were between
110-120 em/sec and 100-110 em/sec respectively for CF2 (EI
Toro Channel) (see Figure 1). The flood currents reached 90
em/sec at CF1 and were smaller than 100 em/sec at CF3.
Meanwhile, the ebb current velocities were between 100 and
110 em/sec for CF1 and CF3. The mean longitudinal and
transversal components from the three currentmeters are
presented in Figure 6; all mean longitudinal components are
ebb directed. For CF3, the ebb currents feed the positive
transversal component, but the flood currents feed only the
negative component in almost the same percentage; the re­
sult is a small positive transversal component. The ebb di­
rected longitudinal component is due to the higher velocities
of these currents. For CF1, the results are similar to CF3 but
the transversal component is negative. At CF2 (EI Toro
Channel), the flood currents feed only the positive transver­
sal component, while the ebb currents feed both components.
Therefore, the resultant transversal component is large and
positive. The longitudinal ebb and flood currents are similar;
but ebb currents are stronger. The ebb longitudinal resultant
component is smaller than the transversal one. This fact is
due to a hydraulic problem since the dredged channel orien­
tation is not in equilibrium with the flood currents that are
responsible for the large transversal component (PERILLO
and CUADRADO, 1991).

Based on the sediment transport model proposed by BAG­
NOLD (1963), the stream power vectors (co) were obtained for
the zone (Figure 7). Orientation and gradients of stream pow­
er vectors along transport paths may suggest either erosion
or deposition in the intermediate regions. That is, an increase
in the transport magnitude between stations defines an ero­
sion process, and the converse is also true. Erosion can be
detected also in the divergence of vectors, while convergence
can be assumed as a condition for deposition.

Journal of Coastal Research, Vol. 13, No.1, 1997
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The general evolution of the area may be assessed using
historical hydrographic charts following a chronological or­
der. Two sets of charts published by MONTA1\rEZ SANTIAGO
(1972) are reanalyzed here (Figure 8). In all the graphics,
there is a reference line showing the 1400 azimuth line with
respect to the Tripode Light (placed on land), coincident with
the present Auxiliar Channel. For comparison purposes only,
the 5.5 m isobath was employed in the analysis. The first set
corresponds to four charts made from 1833 to 1921 (Figure
8a) with a scale of 1:150,000, covering a detail of the evolution
of the Del Oeste Bank and the Auxiliar Channel. The second
set (Figure 8b) is integrated by charts from 1916 until 1969
with a scale of 1:460,000, covering the whole study area from
the Auxiliar Channel to the Del Sur Channel.

In 1833 (Figure 8a ), Del Norte Bank (which no longer ex­
ists) with a parabolic shape was the main topographic feature
of the area. A flood sinus largely incised the bank and left a
wide bank to the northeast (Del Norte Bank) and another
narrower bank to the southwest (Del Este Bank); both were
connected on the northern end of the sinus. To the west, Del
Oeste Bank appears as a long and narrow form that became
wider and migrated to the southeast in 1883. Within the 50
yr period, the flood sinus cut through the northern connection

Figure 8. Historical hydrographic charts showing the evolution of the
area (modified from Montanez Santiago, 1972). The dashed line is a ref­
erence with an azimuth of 1400 respect the Tripode Light placed on land,
and coincides approximately with the Auxiliar Channel. The shaded areas
indicate exposed areas at low tide. Note that left graphics (a) are in dif­
ferent scale than the right ones (b). I-Del Norte Bank. 2-Del Oeste
Bank. 3-Del Este Bank. 4.-Auxiliar Channel. 5-La Manuelita Chan­
nel. 6-Cuchillo Bank. 8-Bermejo Island.
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DISCUSSION

The Pliocene Chasic6 Fm. has been detected in all of the
study areas at depths below 15 m, reaching maximum values
at Del Toro and Auxiliar Channels. However near Tejada
Point, the top of the formation becomes shallower, developing
a topographic high that continues onto the inner shelf(Figure
5). It appears that the sill acted as a structural control at the
mouth of the Bahia Blanca estuary, allowing the deposition
of younger sediments and forcing the water to flow to the
southeast. The particular bedding structures described for
the Pampa Fm. (NEDECO-ARcONSULT, 1983) suggest that
the deposition environment was highly variable; they repre­
sent the result of scour and channel-fill features (REINECK
and SINGH, 1980). The sediments deposited formed the ebb
delta extending to the south and southwest because: (1) struc­
tural control was provided by the Pliocene compact sedimen­
tite to the east and (2) the fact that the capability of sediment
transport of the Desaguadero River (that no longer flows into
the estuary) decreased as the mouth became wider. Further
development of the ebb delta occurred during the high stand
of the sea level, between 6,500 yrBP and 1,000-1,500 yrBP
(GOMEZ and PERILLO, 1994).

Because of the occlusion of the main channel, the tidal in­
terchange between the estuary and the inner continental
shelf was produced through a series of parallel channels that
intersected the banks. Thus, "drying shoals" dominated by
wave processes (OERTEL, 1972) were formed. The northern
shore acts as one margin of the ebb tidal delta and is called
here a shore-connected ebb tidal delta.

The potential net transport decreases between Stations A
and C, suggesting the existence of an accumulation process
in the navigation of EI Toro Channel; this is confirmed by the
continuous dredging that is required and accomplished by the
DGCPVN in the channel. On the other hand, an increase of
the transport between Stations Band C (the mouth of Del
Sur Channel) represents an erosional zone (see Table 1).

Figure 7. Stream power vectors (co in erg/ern") in the study zone as a
result of the sediment transport model.
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and opened the Auxiliar Channel (used as a navigation chan­
nel since then l; Del Este Bank migrated to the southwest and
appears to have welded to the Del Oeste Bank in 1907. After
the incipient flood sinus observed in 1883, a "new" Del Este
Bank was formed acquiring an arch-like shape and develop­
ing the La Manuelita Channel. Curved shoals like the form
described here were studied by CASTON and STRIDE (1970)
in the North Sea; their study indicated that their evolution
is toward the formation of a flood (in the present case) sinus.
This situation is observed in the 1912 chart where a series
of banks present a general horseshoe-shape that is connected
below the 5.5 m isobath. Nautical information from that doc­
ument said that the Auxiliar Channel was no longer used
because of the shallower waters to the east of the 1400 line.
By 1921, the general structure of the area had evolved back
to the shape observed in 1833; however, in 1916 (Figure Sb),
the evolution was complicated by an intermediate step in
which the sinus was filled with sediments.

The horseshoe-like bank was preserved in 1927 but was cut
on the northern end in 1932; the western flank became longer
and attached to the end of the Del Oeste Bank. This bank
was originally connected to El Cuchillo Bank in 1916, but an
ebb sinus was observed in all the charts until 1932. In 1944,
this sinus cut the two banks and formed El Toro Channel,
the present navigation entrance to Bahia Blanca harbor sys­
tem.

The successive development of the flood sinus and the de­
struction of the parabolic terminal bank are the fundamental
characteristics of the evolution of the zone. In 1833 and 1921,
the charts show a V-shaped bank, suggesting that prevalent
flood currents are inherent to its formation. Unless the ebb
tidal currents were stronger in the Main Channel, the pre­
dominant flood currents at the Auxiliar Channel were re­
sponsible for the successive flood sinus formation over the
previous 100 years. Presently, Del Oeste Bank exposes an
apophysis (Figure 21 that represents the formation of an in­
cipient flood sinus. This fact also points out the present pre­
dominance of flood currents at the Auxiliar Channel. PERIL­
LOand CUADRADO (1991) detected that the flood currents are
responsible for the accumulation of sediments on the EI Toro
Channel and the probable source of this sedimentation is the
southwestern end of the Del Oeste Bank.

A characteristic of an ebb tidal delta is the prevailing ebb
current at the main channel, while the flood currents enter
the inlet throat via marginal flood channels such as the Del
Sur and Auxiliar channels in the present case. The Main
Channel is the northern limit of the study area and the Aux­
iliar Channel is almost in the middle of the zone. A westward
bank migration was revealed by historical chart comparisons;
this migration occurred when the bank was cut by a channel
and attached itself to the southern portion of the Del Oeste
Bank (1883 and 1932). At the present. such migration is ex­
posed by the steep western slope of the Del Oeste Bank and
can be paralleled to the migration of a large sand wave.

The ebb is a highly predominant current in the Main Chan­
nel. Thus, the detected westward migration reaches up into
the Main Channel in opposition to Montanez Santiago's the­
ory; he theorized a westward bank migration over almost all
the tidal flats that form the estuary. He also supposed that

the Largo Bank, situated south of the present study area, was
approaching Trinidad Island and that the Del Sur Channel
would close. However, GOMEZ and PERILLO (1992) proved to
the contrary that the Largo Bank is migrating eastward at
about 37 m/yr, and the Del Sur Channel has a natural depth
of 22 m.

Furthermore, the study of the dynamics of the beaches
along the northern coast (GINSBERG, 1984) and the circula­
tion of the inner shelf (PERILLO and CUADRADO, 1990; PIc­
COLO et al., 1994), clearly shows that the transport is parallel
to the shore and directed opposite the estuary. Also, the prev­
alent winds from the NW-N sector induced larger residual
currents toward the mouth of the estuary and the migration
of large sand waves in the Main Channel described by ALlOT­
TA and PERILLO (1987). Therefore, the supposition made by
MONTANEZ SANTIAGO (1972) that the ebb delta is a spit com­
ing out of the Tejada Point is not supported by current re­
search.

CONCLUSIONS

The ebb delta that closed the mouth of the Bahia Blanca
estuary, developed by the interaction of the outflow of the
Desaguadero river during the Late Pleistocene-Early Holo­
cene and a topographic high is present in the Chasic6 Fm.
Sediment was deposited in the area as the river lost transport
capacity. Further development of the ebb delta occurred dur­
ing the high stand of the sea level between 6,500 yrBP and
1,000-1,500 yrBP. During this stage, several channels were
cut from the southern lobe and a series of banks were formed.
The channel-bank system interacts with the tidal currents
and evolves under their predominance.

Although the ebb currents are predominant, the flood cur­
rents are responsible for the formation of a flood sinus in the
successive stage ofthe study area evolution. The western por­
tion of the cut bank normally migrates westward until it at­
taches the El Oeste Bank, meanwhile the flood currents ini­
tiate a newer flood sinus on the eastern portion. The strong
ebb currents are dominant in the Main Channel, constraining
the westward sediment transport to the east. Bedform mi­
gration, both on the Main Channel and at the south of the
study zone, shows an eastward sediment transport.

MONTANEZ SANTINiO'S theory pointed out that the mate­
rials coming from the Tejada Point were transported toward
the west, filling up the bay. However, the general circulation
and the dynamics of sediment transport clearly reject this
thesis. The division of the hanks and their westward migra­
tion are only local processes created by flood predominant
currents and limited by the strong ebb currents to the north­
west and south of the banks at the El Toro Channel.
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II RESUMEN D
Bahia Blanca es un estuario mesomareal caracterizado por un delta de marea de reflujo conectado a la costa, hecho poco cornun en estos arnbientes. EI area de
estudio compreride una serie de buncos surcudns per canales de marea. El objetivo de este estudio es determinar la evolucion de los bancos en los ultimos 160 anos
y definir el proceso generativo involurrado.

Para estudiar las condiciones dinarnicus del area, se aplico un modele de transporte teniendo en cuenta Ia corriente de marea predominante. Para a1canzar los
objetivos propuestos, es necesario adernas. teller un conocirniento de los sedimentos del subsuelo, y por media de antiguos mapas esquernaticos que datan desde 1833
y un estudio de corr-ientes se determine el movimiento que sufrieron los bancos.

Se arriba a la conclusion que las geoformas migran hacia el oeste hasta el Canal Principal donde las fuertes corrientes de refiujo impiden que continue el transporte
en ese sentido. POl' 10 tanto se determina que la migracion detectada es solo un proceso local. Este heeho refuta una teoria anterior que supone un transporte hacia
el oeste que llenaria todo el estuario.

D Rf;SUME LJ
L'estuaire du Bahia Blanca, du type mesornareal. est caracterise par un delta du jusant lie a la cote, un phenomene aseez rare dans ce milieu sedimentaire. Une
serie de banes, qui sont traversee par de chenaux des maree ont etc et.udiee dans la region. Le but de ce travail est d'stablir l'evolution des banes pendant les
dernieres 160 ans ainsi que leurs processus de formation.

Un modele de transport ut.ilisant IE' courant de la maree dominante, a cte utilise pour l'etude de conditions dynamiques. L'objetif a ete aboutis en etudiant les
sediments du fond, des cartes schematiques faites en 18:~:~ et des etudes des courants.

On conclue que les geophorrnes ont migres vers l'ouest jusqu'au chenal Principal ou le transport de sediments est arrete par Ie jusant. Ceci contradite une teorie
qui soutient le rernplissage de l'estuaire du aux transport des sables vers l'ouest,
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