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On the Brazilian coast, where sandy shores predominate, not only the form of the coastline but depositional
features associated therewith (spits, sandbanks, etc.) have also been frequently used as geomorphic
indicators of the predominant direction of the longshore transport of sediments. On the southern coastal
region of State Sao Paulo, the growth of prominent features is related not only to the longshore drift but
also to the interaction between these processes and internal dynamics strongly conditioned by the action
of tides. This intense interaction takes place especially in the proximities of lagoonal mouths. In the
lagoonal mouth of Ararapira (on the boundary of the states of Sao Paulo and Parana) the growth of the
sandy spit occurs in the opposite direction to that of the drift of the current responsible for the transport
of sediments along the coastline. On the other hand, on the lagoonal mouth of Icapara, to the northeast
of Iguape (SP) the growth of the sandy feature occurs in the same direction as that of the drift current
most effective in the transport of sediments, inasmuch as there is conformity between this and the vector
resulting from the currents of the lagoonal region. Therefore, the simple observation of the direction of
the growth of coastal features, when associated with lagoonal or estuarine systems, strongly controlled
by tidal conditions, cannot be used without reservations as indicative of the predominant direction of
the transport of sediments along the coastlines.
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In sandy shores, not only the evolution of the
form of the coastlines but depositional features
associated therewith (spits, sandbanks, etc.) have
also been frequently used as geomorphic indicators of the predominant direction of the longshore
transport of sediments as a fast and sure method
in the attempt to understand the mechanisms of
coastal dynamics, present and past (GODOLPHIM,
1983; MARTIN et al., 1984).
On the southern coastal region of the state of
Sao Paulo, the growth of prominent features is
related not only to the processes of the coastal
drift but also to the interaction of these mechanisms and internal lagoonal dynamics strongly
conditioned by the tidal action. Therefore, a superficial evaluation of the coastal sand features,
especially those the growth of which is associated
to lagoonal mouths, may result in errors of inter92026 received 22 May 1992; accepted in revision 21 August 1992.
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pretation of the predominant direction of the in
depth transport of longshore sand sediments.
LONGSHORE GEOMORPHIC FEATURES OF
THE SOUTHERN COASTAL REGION OF
THE STATE OF SAO PAULO

The geomorphological peculiarities presented
by the extensive coastal plain as well as by the
sandy features close to the coastline of the southern coastal region of the state of Sao Paulo (Figure
1) have led several authors to attempt to recognize
their evolution mechanisms with the objective of
arriving at a deduction as to the predominant
direction of the longshore transport of sand along
this section of the coast (SADOWSKY, 1952, 1954;
PETRI and SUGUIO, 1971; SUGUIO and TESSLER,
1983).
Among these many features, two in particular
are the object of the present study (lagoonal
mouths of Icapara and Ararapira), due to the fact
t-hat they present growth of sand spits associated
with their mouths in opposite directions.
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LAGOONAL MOUTH OF
ARARAPIRA (SP/PR)

The lagoonal mouth of Ararapira is the political
coastal border between the states of Sao Paulo
and Parana.
The Ararapira Channel, the interconnecting
channel between the lagoonal region in the south,
separates Cardoso island from the Continent and
is separated from the ocean to the southwest by
a narrow and straight feature locally known as
Ararapira beach (Figure 2).
This sandy point is anchored to Cardoso island
and is approximately 18 km long and 300 m wide.
The beach ridge present in this sandy feature is
oriented in a N 45°E direction, similar to the longitudinal beach ridge present on Comprida island,
the most prominent barrier island located northeast of the Ararapira lagoonal mouth. An analysis
of the form of the perimeter of the lagoonal mouth
obtained from the superposition of aerophotogrammetric surveys carried out on three different
occasions (1953, 1963 and 1981) confirms that this
interconnection feature between the lagoon and
the ocean runs in a southwesterly direction. This
trend obtained from the aerophotogrammetric
surveys could lead to the assumption that the

longshore transport along the Cardoso island
coastline proceeds from the northeast to the
southwest (Figure 3).
However, a more accurate observation, especially along the margins of this channel in the
areas close to the lagoonal mouth, shows that the
movement of old sand deposits towards the southwest occurs by erosion during the intensive periods of ebb tides, and it aligns generally in a
southwest to northeast direction.
Associated with this erosive margin characteristic, there is coupled in a lateral direction a feature of the sandy spit type. This spit, based on
the outside portion of this concave margin, grows
in an opposite direction to the direction of the
channel, that is, towards the northeast.
On the other hand, the internal margin, that is,
the lagoonal mouth margin of Ararapira beach,
develops in a southwesterly direction, originating
from deposit features similar to those found in
the lagoonal channels of the Cananeia-Iguape lagoonal region located to the northeast. In these
lagoonal channels, TESSLER and FURTADO (1983)
described the growth of sand islands, similar to
that observed in the Ararapira channel, which are
associated with convex margins, and located on
opposite margins with concave erosion features.
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Figure 2. 1981 configuration and coastal features in the vicinities of the Ararapira lagoonal mouth.
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This pattern is very similar to that found in
meandering rivers with the difference being that
in lagoonal channels the directions of the drifts
are alternatively dependent upon the tidal cycles
which results in the growth of deposit features in
the direction of the predominant tidal current.
Therefore, it seems obvious that the growth of the
Ararapira beach on its lagoonal margin occurs as
the result of the deposition of sandy sediments
eroded from the opposite margin of the channel.
On its external face, the growth of the "beach"
appears to be a condition of the mechanism of the
blockage of the longshore transport by the drift
of the ebb tide at the lagoonal mouth, which is
similar to the mechanism described for lagoonal
mouths by SUGUIO et al. (1985).
This blockage must also be responsible for the
formation of the sandy spit on the concave margin
of the channel of Ararapira, as well as for the
deposit of the sandy sediments on the seaward
side close to the lagoonal mouth, carried there by
the ebb tide waters coming from the channel.
This mechanism is even more efficient when the
intensity of the flow of water that runs out through
the lagoonal mouth is at its maximum, an event
which occurs predominantly with the passage of
frontal systems (cold fronts).
At this time, the more intense tidal cycles and

the south to southeasterly winds cause the imprisonment of waters in the lagoonal systems resulting in an increase in the volume of water retained in these systems for a period of time greater
than that of the normal tidal cycles. Even after
the effect of these atmospheric events has ceased,
the increased intensity of the flow of the ebb tide
accelerates the erosive process of the concave margins and contributes significantly, with sand sediments, to the increase of the deposition margins
and lagoonal islands. Since it is also during these
events that the more intensive longshore transport occurs, the construction of the sand spit of
the lagoonal mouth is accelerated (TESSLER, 1988).
The increase of the dimensions of the spit, added to the submerged sand existing on the shallow
coastal region in front of the lagoonal mouth, tends
to obstruct the exit of the deeper channel which
connects the lagoonal region with the sea. When
the period of more intensive ebb tide occurs, this
obstruction is eliminated, with the consequent
displacement of these sand sediments towards the
ocean.
Subsequently, in the intervals of the action of
the frontal systems, the coastal drift remobilizes
the sediments, incorporating them to the Ararapira beach, particularly in the areas located closer
to its portion located more to the southwest. This
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mechanism of incorporation of sand associated
with the erosive process produced by the ebb tide
currents in the Ararapira channel is responsible
for the displacement of the Ararapira lagoonal
mouth towards the south.
Consequently, the displacement of the lagoonal
mouth occurs in the opposite direction to that of
the predominant transport of the sandy sediments of the southern coastal region of the state
ofSao Paulo (NE), as identified by TESSLER (1988),
and therefore cannot be used simply as a geomorphic indicator of the predominant direction
of the longshore transport.
LAGOONAL MOUTH OF ICAPARA AND
MOUTH OF THE RIBEIRA
DE IGUAPE RIVER (SP)

To the northeast of the Cananeia-Iguape lagoonal complex, there are present two other important geographic features, the lagoonal mouth

of Icapara and the outlet of Ribeira de Iguape
river, to which there is also associated a series of
sandy features which can be used as indicators of
growth trends (Figure 4).
Based on a set of bathymetric charts drawn up
between the years of 1882 and 1943 and supported
by two aerophotogrammetric surveys made in 1953
and 1962, GEOBRAs SfA (1966) carried out a comparative evolution study of Comprida and Iguape
islands in the region of the lagoonal mouth of
Icapara (Figures 5 and 6).
In this study, the growth of Comprida island to
the northeast was detected as well as a rotation
movement to the north (in relation to an extension of the coastline of the ocean margin of the
island) of the lagoonal mouth of Icapara. Associated with the growth of Comprida island, the
erosion of Iguape island on the opposite margin
of the lagoonal channel was also observed.
The phenomena of the advance and retreat of
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Comprida and Iguape islands are very similar to
those observed in the channel and lagoonal mouth
of Ararapira.
The basic difference between these two areas
is evident in the hydrodynamic mechanisms acting in the lagoonal channels and in the interaction
of these "internal systems" with the mechanisms
of the longshore drift.
In the Ararapira channel, the predominant ebb
tide current moves to the southwest; whereas in
the channel of the Iguape region, the predominant
direction of the deep sand transport on the ebb
tide is to the northeast, starting from a region
named Pedra do Tombo which is the meeting point
of the inflowing tides coming from the lagoonal
mouths of Cananeia to the southwest and Icapara
to the northeast.
Since the predominant direction of the longshore deep sand transport in the southern state
of Sao Paulo coastal region occurs to the northeast, it is observed that in the Ararapira lagoonal
mouth the predominant direction of the ebb tide
is opposite to the direction of the predominant
longshore drift. In the Icapara lagoonal mouth,

both take place in the same direction (TESSLER,
1988). This fact results both in the growth of Comprida island and the erosion of Iguape island to
the northeast.
According to GEOBRAs S/A (1966), the growth
of Comprida island between the years 1882 and
1965 presented an average displacement to the
northeast of 35 m/year, while the retraction on
the opposite margin, Iguape island, during the
same period presented an average of 32 m/year.
An average calculation of the eroded area on Iguape island showed approximately 60,000 m" of
sandy sediments were removed from the margin
annually.
These sediments, transported in the direction
of the ocean, are retained by the action of the
waves in the lagoonal mouth region of Icapara,
generating a group of submerged sand banks,
aligned in parallel to the margin of the lagoonal
mouth on Comprida island.
Between this lagoonal mouth and the mouth of
Ribeira river, there is a sequence of sand deposits
aligned in parallel to the coast, formed by the
deposition of the sandy sediments, and reworked
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starting from the submerged deposit centers of
the sand banks of Icapara and the mouth of the
Ribeira.
At the outlet of the Ribeira de Iguape river,
there is a spit growing to the southwest; i.e., in
the opposite direction to the ebb tide current on
the southern coastal region (Figure 4).
The ebb tide currents which move predominantly to the northeast are subject in the region
of the Icapara lagoonal mouth and the mouth of
the Ribeira to a blockage of the lagoonal and fluvial ebb tides, which in addition to retaining the
displacement of the sediments which are moving
to the northeast also interfere in the local hydrodynamic characteristics.
Therefore, the predominance of the coastal ebb
tide currents coming from the southwest, and influenced by the systems of waves from the south
to southeast, will only be fully reestablished along
the coastline located to the northeast of the Ribeira de Iguape river (CTH/USP, 1973).
In addition, as was determined during the observations of waves and currents conducted by
researchers of the Oceanographic Institute of Sao
Paulo University (LO.USP) in 1984, in the area

of the mouth of the Ribeira, it is noticed that the
greatest frequency of waves coming from the
northeast to east occurred in this area with the
consequent generation of ebb tide currents directed to the southwest.
Therefore, the greater frequency of coastal ebb
tide currents generated by the systems of waves
coming from the northeast and east, associated
with the blockage of the ebb tide generated by
the systems of waves coming from the southeast
to south, in the region of the lagoonal mouth of
Icapara and the mouth of the Ribeira, resulted in
the formation of a slight spit at the mouth of the
river, with a tendency to grow to the southwest.
CONCLUSIONS

On the southern Sao Paulo coastline, the movement of sandy sediments along the present coastline results from the interaction of the existing
wave trends that govern the coastal ebb tide currents and the tidal currents. This plays an important part in the retention and remobilization
of these sediments in the proximities of the lagoonal mouths.
Longshore geomorphic features are represen-
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tative of the principal direction of the ebb tide
when they are "rooted" in straight sandy coastlines or on rocky spits.
When interactions occur between coastal and
continental hydrodynamic systems, however, the
sandy features formed are the result of this interaction process, which could mean that their
pattern of evolution cannot be used without reservations as indicators of the predominant direction of the coastal dynamics.
This fact when observed along the coastline in
the proximities of the lagoonal mouths is significantly more complex, particularly if in the rear
of the coastal plain where these sandy geomorphic
features are associated, lagoonal mouth and/or
estuarine systems strongly controlled by alternate
tidal conditions develop.
Therefore, sandy geomorphic features when related to interacting coastal and continental hydrodynamic processes may very well present a
tendency to move in an opposite direction to the
predominant coastal current, a fact that makes
each lagoonal mouth an area where the sandy geomorphic features cannot simply be described and/
or used as indicative of the predominant coastal
ebb tide currents.
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