
The Coastal Zone of Brazil: an Overview

INTRODUCTION

Brazil has an area of 8,512,000 km2 which represents almost
50% of South America. Brazil's coastal zone extends for
approximately 9,200 km and presents a very diverse suite of
coastal environments that evolved during the Quaternary, in
response to changes in climate and sea level, interacting with a
geological heritage that dates back from the South America
Africa break up, during the Mesozoic.

This paper presents a brief overview of the major
characteristics of the Brazilian coastal zone and its Quaternary
evolution which hopefully will provide the adequate
background information for those attending the 2004 ICS
meeting.

Figures 1 and 2 present simplified depictions of the geology
and relief of Brazil, respectively. Brazilian geology is
dominated by three major Paleozoic cratonic sedimentary
basins (theAmazon, Paraná and Parnaiba basins). These basins
along with the foreland basins of the Andean mountain belt
have conditioned the appearance of the two major drainage
systems of the South American continent, the Amazon and the
De La Plata rivers, which are responsible for massive influxes
of sediments to the coastal zone (Figure 2). The rest of the
country is dominated by the high-grade metamorphic rocks of
the Brazilian shield. In some sectors of eastern Brazil failed
rifts (aulacogens) or the rifted portion of Mesozoic sedimentary
basins formed during the South America/Africa break up
outcrop along the coastal zone. At the southeastern coast of
Brazil, the coastline is abruptly intercepted by the 800 m high
Brazilian Atlantic plateau comprising high grade metamorphic
rocks. This high relief area is interpreted by some authors as a
direct inheritance of the erosional retreat of major bounding
fault scarps associated with the evolution of rifted basins at the
continental margin and 1984;
and 1998). At the remaining of the coastal zone the
basement rocks have been covered by Tertiary alluvial fan
sediments of Miocene-Pliocene age, collectively named the
Barreiras Formation, which gave origin to the coastal tablelands
of eastern-northeastern Brazil. During the Quaternary, changes
in relative sea level and climate have added the younger
morphological elements of the Brazilian coastal zone,
including strandplains, tidal flats, wetlands and coastal dune
fields.

Climate (wind and precipitation) and associated
oceanographic processes affecting the coastal zone of Brazil
(waves and coastal currents) is controlled by three major
components: the cold fronts, the trade winds and the

Intertropical Convergence Zone (ITCZ) (Figure 3).
Cold fronts resulting from the northward displacement of

polar air masses are active all year around. During the winter
they reach latitudes of 10°S or even lower. During the summer
these cold fronts are generally weaker and takes a SW-NE
orientation over the ocean, rarely crossing the tropic.

Trade winds also blow all year around originating in the
South Atlantic high-pressure cell. During the winter, south of
20°S they blow mostly from the northeast. North of that region
they blow predominantly from the east-southeast. This
divergence zone of the trade winds migrates north during the
summer reaching a position around 12°S. The ITCZ varies its
position along the year approaching the coastal zone of northern
Brazil during the summer and fall and moving north, away from
the coast, during the winter and spring. Higher precipitations
and reduced wind speeds are associated with the ITCZ.

It rains all year around along the coastal zone, with the
exception of northern Brazil where up to six dry months are
observed. In the interior of the continent the rainy season takes
place during the summer which corresponds to the period of
highest discharges for those rivers emptying into the coastal
zone.

Wave climate is controlled by this atmospheric circulation.
Major mechanisms of wave formation are intrinsically
associated with the cold fronts and the trade winds, although in
the northern coast of Brazil, waves formed in the NorthAtlantic,
in association of winter storms and even hurricanes eventually
reach the coastline. Wave heights along the coastal zone
average 1-2 meters, with periods of 5-7 secs. Because of these
different mechanisms of wave formation, the central portion of
the Brazilian coastline is subjected to two competing wave
systems: east-northeastern and south-southeastern waves, with
important implications to sediment dispersal.

Tidal amplitude progressively increases from south (less
than 1 m) to north (greater than 5 meters).

Using the broad perspective of the known classificatory
schemes, the central-southern coast of Brazil can be considered
as a wave-dominated coast, whereas northern Brazil is typically
characterized as tide-dominated. Northeastern Brazil presents
characteristics that better fit the mixed-energy coast type.

Aeolian processes are important along the southern and the
northern coast of Brazil as a direct consequence of the
combined effects of increased wind speed/frequency and
duration of the dry season.

Sediment supply is essentially controlled by relief and
precipitation , 1981; and
1988). Figures 2 and 3 show distribution of these two
parameters.

The northeastern region of Brazil is a sediment starved
coastal zone, a result of the combination of low relief, small
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Brasilian Coastal Zone

drainage basins and a semiarid climate. In this region
Quaternary coastal deposits are scarce and the coastline is
characterized by the presence of (i) actively retreating cliffs
carved into the Tertiary alluvial fans, (ii) beach rocks (cemented
upper shoreface sediments) and (iii) coral-algal reefs built on
top of the beach rocks and abrasion terraces. The eastern coast
receives considerable volumes of sediment as a result of the
presence of large rivers draining high-relief, humid areas. The
southeastern and southern coasts of Brazil, in spite of the
presence of high- relief, high-precipitation areas bordering the
coastal zone do not receive significant fluvial discharges since
all major rivers drain towards the interior of the continent, to the
Parana-De la Plata drainage basin (Figure 2).

Three major episodes of higher than present sea levels have
been documented for the coast of Brazil.

On the central coast of Brazil, the final portion of the Late
Quaternary transgression is well known, thanks to the
numerous reconstructions of ancient positions of the relative
sea level. Using these reconstructions, it has been possible to
delineate curves or sketches of curves of relative sea-level
fluctuations for the last 7,000 14C years 1979,
1987; 1980, 1985; , 1987,
1990, 1992; , 1998). Although these curves are
very similar to each other, they show differences in vertical
amplitudes. These curves show that the Holocene transgression
peaked approximately 5,600 cal yr BP when sea level stood 3 to
5 meters above the present level. The dropping in sea level that
followed this highstand was not regular but interrupted by high-
frequency oscillations , 2003).

The records of this sea level are preserved as terraces of
essentially sand composition occurring almost continuously
from 5° to 35°S. In the region of Olivença (14°S), a coral reef
was found underneath these terraces. Five samples of coral of
the genus Siderastrea, randomly collected at an abandoned
“rock quarry” and entirely composed of aragonite, were dated
by the Io/Th method, providing an average value of 123,500
5,700 years BP, which corresponds to the maximum of the
penultimate great transgression, well defined in various regions
of the world 1974; and
1986).At that time, the relative sea level stood 8 2 m above the
present level.

Sedimentary records from the coastal plains of south-
southeastern Brazil have allowed the identification of two
other higher than present sea levels, probably more ancient than
120,000 years , 1986; , 1988).
More recently (2002) have identified and dated
using thermoluminescence 220,000 years old coastal deposits
at northeastern Brazil.

As a result of this sea-level history, particularly the Holocene
portion, the Brazil's coastal zone is nowadays characterized by
an almost complete absence of barrier islands lagoonal systems.
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Figure 2. Relief of Brazil and portions of SouthAmerica. Major
coastal typologies: A - the wave-sandy coast of Rio Grande do
Sul, B - the high-grade rocky coast of southeastern Brazil, C-
the wave-dominated deltaic coast of eastern Brazil. D - the
Camamu All Saints bay rifted coast, E - the sediment starved
coast of northern Brazil, F - the tide-dominated coast of Pará-
Maranhão, G - the tide-muddy dominated coast of Amapa-
Guianas.

Figure 3. Major elements of climate affecting the Brazilian
coastal zone.

Figure 1. Simplified geology of Brazil (modified from CPRM
2001).
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These features, although common during the maximum of the
Holocene transgression (5,6 ka), have been replaced by
strandplains as a result of the 3-5 m drop in sea level since that
time.

Below it is presented some examples of major coastal
typologies, which illustrate different styles of sedimentation
along the Brazilian coastal zone resulting from the interaction
of several of the factors discussed above.

This region is characterized by an extensive Quaternary plain
(Figure 4). The coastline forms two broad arches separated by
the Rio Grande Inlet. The plain is made up of a series of
elongated sand accumulations locally named as “barriers”.
These “barriers” are separated by low-lying areas occupied by
freshwater wetlands and large fresh-water bodies, with no
exchange to the sea but the Rio Grande inlet. This coast has
evolved as a result of the successive accretion, during the
Quaternary highstands, of a series of “gigantic” sand spits
extending northwards and isolating large portions of the
shoreface, which thus evolved to coastal lagoons and later when
sea level dropped to freshwater bodies 1999).

originate from local rivers since none of them empty directly
into the sea. These sediments very probably came from the De
La Plata river, located south This is the second largest river in
SouthAmerica, and has delivered large volumes of sediment to
the coastal zone during the Quaternary. These sediments were
predominantly dispersed northwards. In a sense the coast of Rio
Grande do Sul is the wave-sandy-dominated equivalent of the

COASTAL TYPOLOGIES

The Wave-Sandy Dominated Coast of
Rio Grande do Sul

(DOMINGUEZ
Sediment supply to build this large coastal plain did not

tide-muddy-dominated coast of the Amapa-Guianas nourished
by theAmazon river fine grained sediment load (see below).

Figure 4. The wave-sandy dominated coast of Rio Grande do
Sul (modified from CPRM 2001). Arrows indicate dominant
sediment dispersal. See figure 2 for location.

Figure 5. The high-grade rocky coast of southeastern Brazil
(modified from CPRM 2001). See figure 2 for location.

Figure 7. The rifted coast of Camamu-All Saints bay (modified
from CPRM 2001). Arrows indicate dominant sediment
dispersal. See figure 2 for location.

Figure 6. The wave-dominated deltaic coast of eastern Brazil
(modified from CPRM 2001). Arrows indicate dominant
sediment dispersal. See figure 2 for location.

Journal of Coastal Research Special Issue 39, 2006,

18



The High-Grade Rocky Coast of Southeastern
Brazil

The Wave-Dominated Deltaic Coast of Eastern
Brazil

The Camamu All Saints Bay Rifted Coast

The Sediment Starved Coast of Northeastern
Brazil

The Tide Dominated Coast of Pará-Maranhão

This coast is characterized by the intersection of the 800 m
high Brazilian Atlantic Plateau with the coastal zone giving
origin to the well known morphology of this region (Figure 5).
This high relief area (Serra da Mantiqueira and Serra do Mar) is
thought to be the result of the erosional retreat of the major
bounding fault scarps of the Santos basin, whose original
position is located in the middle of the present day continental
shelf and 1984; and

1998). This hilly terrain has experienced during the
Tertiary tectonic movements with generation of local graben
structures. The inundation of this hilly topography by the sea,
during the Quaternary highstands, gave origin to a coastal zone
characterized by numerous islands and bays, such as the
Guanabara bay which occupies the low-lying area associated
with one of the aforementioned grabens.

The combination of large drainage basins with high mean

mouth position, sea level history and changes in patterns of
coastwise sediment dispersion, modulated by changes in
atmospheric circulation, and river discharge ( and

1991; , 1992; , 1997;
this volume). These interactions resulted in

dramatic changes in coastline orientation and shoreline erosion
which bears no resemblance to the classical strike-fed,
autocyclic deltaic sedimentation models.

Here is another example of how a geologic heritage from a
phenomenon that happened tens of millions of years ago still
controls the morphology of the coastal zone. In this section of
the Brazilian coastline, the differential erosion of the less
resistant sedimentary rocks of the Camamu-Reconcavo rifted
basins, exhumed a framework of faulted blocks that comprise
the architecture of these basins and which, when invaded by the
sea during the Quaternary highstands, gave origin to some of the
largest bays of Brazil (Figure 7). Sedimentation in these regions
is strongly influenced by tides.

This is probably the section of the Brazilian coastline that
receives, in the present day, the smallest volumes of sediments
from the hinterland. As a result, a long term trend of shoreline
retreat is observed, and the coastline presents unique features
that include extensive cemented upper shoreface sediments
(“beach rocks”) and active sea cliffs carved into the Tertiary
sediments of the Barreiras Formation and

1996) (Figure 8). On top of the hard substrates
represented by these beach rocks and abrasion terraces coral-
algal reefs developed.

This region has been studied in detail by
(1995) who has demonstrated that this coastal zone has
experienced active progradation during the last 5000 years as a
result of a combination of excess sediment supply, and a drop in
sea level, in a tide-dominated environment. The integration of
satellite imagery to vibracoring shows that progradation occurs
in a discontinuous way, and starts with the emergence of sandy
offshore islands as a result of the combined action of tides and
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altitudes and high precipitation has resulted in large sediment
yields for the rivers emptying on this section of the coast of
Brazil, producing classical examples of wave-dominated deltas

(Figure 6). The construction of these strandplains is the result of
the interaction of complex phenomena related to shifts in river
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Brasilian Coastal Zone

Figure 9. The tide-dominated coast of Pará Maranhão
(modified from CPRM 2001). See figure 2 for location.

Figure 10. The tide-muddy dominated coast of Amapá
(modified from CPRM 2001). Arrows indicate dominant
sediment dispersal. See figure 2 for location.

Figure 8. The sediment starved coast of northeastern Brazil
(modified from CPRM 2001). Arrows indicate dominant
sediment dispersal. See figure 2 for location.
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waves. The low-energy environments created behind those
islands promote further sediment deposition up to the intertidal
zone, which is then colonized by mangroves, causing the
coastal plain to prograde. This interpretation sheds new light
contrary to a common belief that the morphology of this region
was the result of submergence of the coastal zone.

This coastal zone is the result of the huge fine-grained
sediment influx of the Amazon river, which is transported
westwards by the Brazil current. This massive introduction of
fine-grained sediments dampens wave energy for hundreds of
kilometers along the shoreline, thus enhancing the role of the
5m range tide. The shoreline is bordered by mud banks which
continuously migrate westwards ( and 1985).
The tide-muddy dominated coast of Amapá-Guianas is in a
sense the antipode of the wave-sandy dominated coast of Rio
Grande do Sul.

This brief overview of the Quaternary coastal sedimentation
along the Brazilian coast shows that sediment supply, geologic
heritage, and relative energy of waves and tides are the
fundamental controls of the first-order hierarchy of styles of
sedimentation along the coastal zone. Quaternary sea-level
history although also a significant control, plays only a
secondary role as compared to the factors listed above.

In spite of the fact that Quaternary sea-level history has been
essentially the same along the entire Brazilian coast, it has
exerted a control, only on determining the second-order
hierarchy features of coastal evolution (e.g. beach-ridge
strandplains vs barrier island/lagoon, deltas vs. estuaries) as has
being already extensively discussed in the literature (BOYD

, 1992).

The author sincerely thanks the organizing committee for the
invitation to present this keynote talk at the conference. The
author also would like to thank the CNPq (Brazilian Research
Council) for providing a Research Fellowship.
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