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Maria Augusta Martins da Silva3 and Amilsom Rangel Rodrigues4

ABSTRACT. The objective of this study is the identification of the internal structure of the Holocene barrier of the Maricá coastal plain (Rio de Janeiro, Brazil) for the

understanding of the evolution of this coast. The regional geomorphology is characterized by the large Maricá lagoon and by two sandy barriers which confines a series

of small near-dry lagoons. Geophysical data obtained from ground-penetrating radar (GPR) images, with 400 and 200 MHz shielded antennae and borehole samples,
both reaching down to about 10 meters in depth, provided information about the sedimentary architecture and geological and oceanographical processes responsible for

the evolution of this area in the Holocene. The results show that the barrier internal structure is formed by a set of strata presenting different geometries, dip directions
and organization, relative to the following depositional environments: dunes, washover fans, beach and tidal channels. It was possible to determine the importance of

the sea level changes, longshore currents and overwash processes for the barrier development. Strong reflectors representing eolian strata dipping towards the continent

point out to a phase of barrier retrogradation; afterwards, a succession of very well preserved beach paleoscarps, located south of the previous barrier, shows a phase of
barrier progradation. Such evidences indicate that the barrier evolved according to the Holocene sea level fluctuations recognized for the Brazilian coast.

Keywords: ground-penetrating radar, barrier-lagoon system, Holocene, Maricá coast.

RESUMO. O presente estudo objetivou identificar a estrutura interna da barreira holocênica buscando compreender a evolução da planı́cie costeira de Maricá (Rio

de Janeiro). A geomorfologia regional é caracterizada pela Lagoa de Maricá e duas barreiras arenosas, separadas por pequenas lagunas colmatadas. Dados geof́ısicos
obtidos com um georadar, com antenas de 400 e 200 MHz, e amostras de sondagem geológica, ambos até a profundidade média de 10 metros, forneceram informações

sobre a arquitetura sedimentar e os processos geológicos e oceanográficos responsáveis pela evolução desta área no Holoceno. Os resultados mostram que a estrutura
interna da barreira é formada por um conjunto de estratos de diferentes geometrias, direções de mergulho e modos de organização relacionados aos seguintes ambientes

deposicionais: dunas, leques de arrombamento, praias e canais de maré. Essas caracteŕısticas permitiram o entendimento da dinâmica costeira responsável pelo
desenvolvimento da barreira, com destaque para as variações do nı́vel do mar, correntes de deriva litorânea e mecanismos de sobrelavagem. Refletores marcantes

representando estratos eólicos inclinados para o continente indicam uma fase de retrogradação da barreira; a esse episódio se seguiu um peŕıodo marcado por sucessivas

paleoescarpas de tempestade, localizadas mais ao sul, indicando uma fase de progradação. Essas evidências mostram que a barreira evoluiu de acordo com as fases de
transgressão e regressão marinha do Holoceno reconhecidas para o litoral brasileiro.

Palavras-chave: georadar, sistema barreira-laguna, Holoceno, litoral de Maricá.
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462 EVOLUTION OF THE MARICÁ HOLOCENE BARRIER

INTRODUCTION

The evolution of Rio de Janeiro coastal plain (Fig. 1) was first
studied by Lamego (1940, 1945), who, based on geomorpho-
logical characteristics, proposed that the barrier-lagoon systems
have been formed by the closing of earlier embayments by spit
growth. Such hypothesis was later endorsed by studies on the
Jacarepaguá coastal plain, about 50 km from the present study
area (Roncarati & Neves, 1976). The evolution of the coast be-
tween Itacoatiara and Ponta Negra beaches (Fig. 1) was ad-
dressed by Perrin (1984) who established that the barrier-lagoon
systems were formed in the Holocene by sea level fluctuations.
Muehe (1984) presented evidences for the retrogradation of the
Holocene barrier, as for example, the presence of a submarine
outcrop of beachrock parallel to the Itaipuaçu beach. Ireland
(1987) on the basis of diatom analysis collected from sound-
ings from several lagoons from Itaipu to Guaratiba (Fig. 1), pro-
posed that the inner barrier-lagoon system was formed in the
Pleistocene and the outer barrier-lagoon system formed at about
7,200 years BP. Turcq et al. (1999) suggested that the inner
barrier is 123,000 ± 5,700 years BP (based on Io/U dating of
corals from Bahia done by Martin et al., 1982), and that such
barrier was drowned by the Holocene transgression which then
originated the most recent barrier-lagoon system, between 7,000
and 5,000 years BP. Work carried on the Itaipuaçu coastal plain
with GPR and boreholes identified a paleo barrier-lagoon; peat
collected from the paleolagoon revealed the age of 6,040–5,900
years BP (Pereira, 2001; Pereira et al., 2003).

The results of a study integrating GPR, boreholes and AMS
(Accelerator Mass Spectrometry) 14C data in this same area iden-
tified a 20 m thick late Quaternary sequence and proposed a
model for the evolution of this Maricá area (Silva, 2011; Silva et
al., 2014b). Three depositional sequences were recognized: the
Pleistocene Sequence I, Pleistocene Sequence II (age between 48
and 45,000 cal years BP), and the Holocene Sequence (Fig. 2).
The Holocene Sequence starts at about 8,560 cal years BP, the
age of a beachrock that point out to the existence of a more
southern barrier (about 100 m or so from today’s mean sea level
mark). This barrier system began then a phase of retrogradation as
sea level rose through the Holocene up to 5,000 years ago. The
internal structure observed on the Holocene part of this coastal
plain with the 200 MHz antenna, indicated this phase of ret-
rogradation which, was then, followed by a phase o prograda-
tion, giving rise to the present-day barrier (Silva, 2011; Silva
et al., 2014b). Today, the barrier is in a new phase of retrogra-
dation due to a rise in the sea level (Silva, 2011; Silva et al.,
2014b; Lins-de-Barros, 2005; Silva, 2006; Silva et al., 2008b).

This article aims to improve the knowledge about the Holocene
barrier. That will be achieved by the use of a new GPR antenna
(400 MHz) to provide a better visualization of the Holocene bar-
rier architecture. Also, the work will contribute to the understand-
ing of the mechanisms that controlled the barrier evolution during
the time interval in question.

Study area
This work was developed at the Maricá APA, an environmental
protection area in the central part of the Maricá coastal plain, in
Rio de Janeiro State (Fig. 1). Although an environmental pro-
tected area, and thus relatively well preserved as compared to
other coastal areas of Rio de Janeiro, illegal sand mining (among
other activities) has been destroying the local endemic flora and
fauna, as well as the landscape, and there is an increasing concen-
tration of population in nearby areas mainly due to the construc-
tion of an oil refinery not far away. Despite this, the remaining
landscape is suitable for GPR work.

The study area is characterized by the large Maricá Lagoon
and by two barriers that confine a small plain containing a chain-
like series of isolated swamps and nearby dry lagoons (Fig. 1).
The area is about 9 km long and is limited by the Maricá Lagoon
to the north and the Atlantic Ocean to the south (Figs. 1 and 3),
to the west is the Itaipuaçu Beach and to the east the Guaratiba
Beach (Figs. 1 and 3). The inner barrier is Pleistocene (Ireland,
1987; Turcq et al., 1999; Silva, 2011; Silva et al., 2014b) as the
outer barrier is Holocene (Perrin, 1984; Maia et al., 1984; Ireland,
1987; Turcq et al., 1999; Pereira et al., 2003; Silva, 2011; Silva et
al., 2014b).

The Holocene barrier is in average 7 m high, reaching max-
imum of 12 m em relation to mean sea level towards the central
and east, and 5 m high towards the west of the area (Silva & Silva,
2010). The barrier is about 220 m wide exhibiting a levelled out
relief, consequence of sand mining; there is a well defined beach
storm scarp limiting the beach and the maximum reach of storm
waves (Silva & Silva, 2010). Washover fans are present towards
the east of the study area for about 2 km along the barrier (Fig. 3).
On Itaipuaçu barrier, the formation of overwash fans are com-
monly observed during storms, depositing sands directly into the
Canal da Costa (Fig. 1) (Silva et al., 2008b). Dunes occur mainly
near the reverse face of the barrier (the barrier relief has been de-
stroyed partially by the extraction of sand leaving a levelled sur-
face) and are higher towards the east (Fig. 3) (Silva & Silva, 2010).
The beach at Maricá APA presents berms on the backshore and,
sazonally, long channels parallel to the beach that turns perpen-
dicular to it as the water escapes back to the sea; the foreshore is
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Figure 1 – (A and B) Location of the study area in Rio de Janeiro, southeast Brazil. (C) Study area (Maricá APA) in central coastal plain of
Maricá. (D) Holocene barrier-lagoon system with topographic and GPR profiles and borehole locations. Geological Map (DRM-RJ, 1977).

Figure 2 – Lithologic units and depositional sequences that form the coastal sedimentary deposit of Maricá (Silva et al., 2014b).

narrow and steep (Gralato, 2013). This is a wave-dominated coast
with predominant S-SW storm waves during winter months, when
waves can be 3 m high; SE waves prevail during fair weather con-

ditions (Muehe, 1979; Silva, 2006; Silva et al., 2008a; Pardal,
2009). The predominant longshore currents are to the west in re-
sponse to the SE waves. However, the occasional incidence of

Brazilian Journal of Geophysics, Vol. 33(3), 2015
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464 EVOLUTION OF THE MARICÁ HOLOCENE BARRIER

Figure 3 – (A) Aerial photo of the central coastal plain of Maricá: Maricá Lagoon to the North, two barriers (Pleistocene and Holo-
cene) separated by the lagoonal plain. Photo by Guichard, D. 2009. (B) Geomorphology of the Holocene barrier (storm scarp in detail).

waves from more than one direction (SE and SW) contributes
to the formation of longshore currents to the east as well (Silva
et al., 2008a). Maximum spring tidal fluctuation is 1.5 m (Navy
Hydrograph Directory – DHN). The wind climate is strongly in-
fluenced by the South Atlantic Subtropical anticyclone. The pre-
vailing wind directions are from the east and northeast quadrants
(Amarante et al., 2002). Occasionally, winds of stronger intensity
come from the south and southwest associated with polar masses
(CPTEC – INPE).

To attain the objectives of this work about the evolution of
the Holocene barrier and its controlling mechanisms, GPR pro-
files and boreholes data were obtained (Fig. 1).

MATERIALS AND METHODS

The morphology of the Holocene barrier has been character-
ized by seven topographic profiles perpendicular to the coastline
(from the beach to the landward face of the barrier) (Fig. 1). These
profiles were obtained by conventional topographic equipment,
always at times of calm sea and same tidal regime (quarter moon),
and georeferenced with a Garmin GPS 12 XL equipment, the nav-
igation system used was a WGS 84. A total of eight GPR pro-
files were obtained, seven perpendiculars and one parallel to the
coastline (Fig. 1). The parallel profile is discontinuous due to ob-
stacles and topographic depressions (illegal extraction of sand).
A Georadar GSSI (Geophysical Survey Systems Incorporated)
SIR-3000 model has been used (Fig. 4). 400 and 200 MHz
shielded antennae provided the best arrangement between res-

olution and penetration depth of 10 to 15 m, respectively. Data
were processed in RADAN 6.6 (Radar Data Analysis) software,
and included application of gains and filters, deconvolution, to-
pographic correction and migration. Velocities have been deter-
mined from CMP (Common Mid-Point) surveys in nearby areas,
as of 0.10 mns-1 (Pereira, 2001). This is the medium velocity cal-
culated from other CMP surveys in lagoonal muds and undersat-
urated and saturated sands below the water table (Neal & Roberts,
2000 apud Neal, 2004).

The sandy sediments and the preservation of the environment
are important factors for the high quality of the GPR data. The
proximity to salty water is an impediment for high image reso-
lution as a function of signal attenuation, which, then turns im-
possible the observation of beach stratification. Trenches dug in
these same sites in the 1970’s were used to help recognize the
beach inner structure. The parallel profile was obtained adapting
the equipment to a vehicle (Fig. 4B), which was then driven along
the sand, away 30 m from the road, avoiding the interference of
the clay in the GPR data. Clays, like the salty water, affect the
quality of the GPR images (Neal et al., 2002; Neal, 2004; Bris-
tow & Pucillo, 2006; Wang & Horwitz, 2007; Silva, 2011).

OpendTect software was used for interpretation, which was
based on the main reflectors and reflection patterns. Basic prin-
ciples of seismic stratigraphy were applied to the radargram in-
terpretation. Main patterns of reflections considered on this work
are dip, shape, continuity, intensity and reflectors relationships
(Neal, 2004).

Revista Brasileira de Geof́ısica, Vol. 33(3), 2015
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Figure 4 – Collecting GPR data: (A) 400 MHz antenna carried by hand; (B) 200 MHz antenna adapted to a vehicle; (C) Mechanical borehole.

One borehole was obtained by mechanical borer in the area
of Profile 2, and about 60 m from the storm scarp (Fig. 4C). The
decision about the location of this well was based on the anal-
ysis of GPR images in order to improve characterization of the
observed layers, and assist in the interpretation of radargrams.
The borehole reached the depth of 8.7 m and 20 samples were
collected, at intervals of 0.5 m or when the sedimentary char-
acteristics changed. These samples were described while in the
field, and later grain size analyses were carried out and sediment
classified according to Wentworth (1922 apud Pettijohn, 1975).

DATA PRESENTATION

Ground Penetrating Radar Profiles

The radargrams showed high resolution, intense and continuous
strata and reflexions patterns down to depths of about 10 m for
the 400 MHz antenna and 15 m for the 200 MHz antenna. The
perpendicular profiles with the 400 MHz antenna presented ex-
cellent image between the landward face of the barrier and the
beach storm scarp. On the beach, the image looses resolution
due to signal attenuation as a function of the salty water (Neal
et al., 2002; Daly et al., 2002; Neal, 2004; Silva, 2011, among
others). These problems are sometimes impossible to correct dur-
ing processing and they should not be considered for interpre-
tation (Neal, 2004). The parallel profile along the barrier pre-
sented good resolution, in special the ones with the 400 MHz
antenna. The perpendicular profiles exhibit geometries and re-
flexion patterns which allowed the mapping of depositional uni-
ties, and prominent reflectors which are unit limits (Fig. 5). The
Holocene barrier internal structure presents stratification arrange-
ments which indicate phases of retrogradation and prograda-
tion. The parallel profiles (Figs. 6 and 7) show sets of reflectors
that represent strata filling paleochannels; other reflectors seen
in these parallel profiles represent major strata inclined both to

east and west, which suggests barrier lateral migration, as in a
spit growth.

A continuous, horizontal and strong reflector appears in all
profiles (Figs. 5 and 7), in depths varying from few centimeters
(along the lagoonal plain) to about 5 m (underneath the area of
dunes). It corresponds to the water table, as previously mapped
by Silva (2011) and also confirmed by drilling during this work.

Along Profile 2, between the dunes area and the levelled sur-
face of the barrier, at about 7 m deep, occurs a 75 m long reflector,
horizontal to slightly inclined towards the sea, here named Reflec-
tor F (Fig. 5A). This Reflector F is the upper limit of an area of
low reflectance which indicates the presence of mud at this depth,
confirmed by borehole (Fig. 8).

At depths varying from 7.5 to 3.5 m, below the dunes area, is
possible to visualize (1) a set of layers dipping 5 to 45◦ landwards
(Fig. 5, black arrow); (2) towards the south, strata near horizontal
to slightly inclined to the sea (Fig. 5). This depth interval is com-
posed by sand (Fig. 8), probably deposited by wind, and it is lim-
ited by Reflectors F (Profile 2) and G (Profiles 2, 6 and 8) (Fig. 5).
Reflector G is inclined towards the sea and may represent a former
barrier surface formed by erosion due to overwash processes. The
geographic position of this deposit suggests a phase of retrogra-
dation of the barrier, reaching its northernmost position during
the Holocene. On top of this deposit, at depths between 3.5 and
2.0 m, a lenticular shaped layer of sand is present, limited by Re-
flectors G and H (Fig. 5). This layer shows many internal reflectors
dipping 10 to 20◦ landwards, on the landward faces of the barrier,
and more horizontal reflectors towards the south (Fig. 5), a pat-
tern which suggests overwash processes and formation of over-
wash fan (Fig. 5). The sedimentary layer between the Reflectors F
(Profile 2) G and H appears to have been truncated further south
of the barrier (Fig. 5).

From 7 m deep to near the surface, under the levelled sur-
face of the barrier to the present-day beach storm scarp (Fig. 5),

Brazilian Journal of Geophysics, Vol. 33(3), 2015
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466 EVOLUTION OF THE MARICÁ HOLOCENE BARRIER

Figure 5 – (A, B and C) GPR Profiles 2, 6 and 8, perpendicular to the coastline, with 400 MHz antenna.

Revista Brasileira de Geof́ısica, Vol. 33(3), 2015
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Figure 6 – Profile 1A: Comparison between resolutions 200 and 400 MHz antennae.

we observe a set of reflectors dipping 22 to 40◦ seawards that
truncates near horizontal beds (Fig. 5 – white arrow). Such ar-
rangement is very similar to the one observed along modern
beach storm scarps as it can be visualized in a trench dug in a
nearby area in the 1970’s (Fig. 9). In the trench, surfaces dip-
ping to the sea representing the removal of sand from the beach
by storm waves leaving an inclined surface and a beach scarp
clearly truncate near horizontal beds representing earlier berms;
a new set of horizontal or near horizontal layers are seen on
top of the truncation surface as the beach recovers its sand and
gets wider. The implication, is that, the beach was located far-
ther inland indicating that the barrier progressively prograded to
a new position.

Between Reflector H and the surface, a 2.5 m thick sand de-
posit shows plane-parallel strata inclined 30-35◦ landwards as
well as cross beds typical of dunes (Fig. 5). There is a distinct
reflector inclined to the continent, in the middle of this sand
deposit, that may represent the migration surface of the dune
(Profiles 6 and 8 – Fig. 5).

From the present-day storm scarp, which represents the
beach limit, on towards the beach, it is difficult to visualize any
reflectors due to the influence of the salty water. Few are recogniz-
able, though, and they are plane-parallel layers dipping landwards

which may represent berms (Fig. 5). The internal beach structure
seen in the trench in nearby Itaipuaçu (Fig. 9) help the identifi-
cation of the characteristic stratification of this environment: near
horizontal layers truncated by surfaces inclined 10 to 16◦ to the
sea. The inclined surfaces represent removal of sand by storm
waves which leaves a steep and shortened beach, that latter recov-
ers its width by the accreting sands forming new berms, typical of
beach dynamics.

The parallel Profile 1 (Figs. 7A and B) was obtained along the
length of the Holocene barrier (Fig. 1) with the 200 and 400 MHz
antennae. The profile covered, discontinuously, the area from west
to east due to obstacles for the dislocation of the equipment. The
400 MHz antenna better displayed the barrier internal structure
(Fig. 6). In this work, only two of the sections collected with the
400 MHz antenna are presented (Fig. 7).

The Pleistocene/Holocene boundary is observed on Profile 1
(Reflector E – Fig. 7), as an erosive surface as previously defined
by Silva (2011). This erosive surface was also observed on Pro-
file 8 (Fig. 5C). Reflector E appears, at about 8 m of depth, as a
discrete (and more proeminent to the west), near horizontal and
discontinuous, extending for about 340 m (Profile 1D – Fig. 7B).
Above Reflector E, between 8 and 3 m of depth, a sandy deposit
exhibits a variety of stratification patterns (Fig. 7):

Brazilian Journal of Geophysics, Vol. 33(3), 2015
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Figure 7 – Section of the GPR Profile 1 acquired parallel to the shoreline with 400 MHz antenna. (A) Profile 1B and (B) Profile 1D.

(1) layers dipping 6 to 45◦ to the east;

(2) plane-parallel near horizontal strata;

(3) strata dipping 11 to 45◦ to the west; and

(4) a cut-and-fill pattern indicative of paleochannels.

Three paleochannels were identified at depths between 6 and 3 m
along the barrier (Profile 1 – Fig. 7), varying from 240 to 260 m
of width and about 3 m of depth. These channels’ sedimentary in-
fillings are characterized by layers dipping both to east and west,
and the concave shape of some surfaces is indicative of the pro-
gressive shallowing of these paleochannels (Fig. 7).

From the depth of 3 m to the barrier surface, near horizon-
tal layers predominate, showing concave up and convex geome-
tries, while some others are slightly inclined both to east and west
(Profile 1 – Fig. 7). In the uppermost 1 m section of this profile
no reflectors are observed (Fig. 7).

Borehole
The borehole (Fig. 8, see Fig. 1 for location) presented only two
lithologies: a basal mud layer, between the depth of 8.5 and 7.5 m;

and a 7 m thick layer of sand on top (Fig. 8). Grain size analyses
of 20 samples indicated that coarse sand predominates (Fig. 8).

The basal mud layer is black with an intense smell of or-
ganic matter decomposition, presents whole shells as well as
fragments, and plane-parallel layering (Fig. 5). This mud layer
changes upwards (around 7.2 to 7 m depth) to a thin layer of
a coarse dark brown sand, possible muddy (Fig. 8). These are
characteristics of sediments deposited in a lagoonal environment.
In nearby Itaipuaçu beach (Fig. 1), at the same geological setting
and depth, a paleolagoon was identified and sediments were C14

dated providing the age of 6,040–5,900 years BP (Pereira, 2001;
Pereira et al., 2003).

The upper sand layer (Fig. 8), from 7 m deep to the surface, is
coarse and quartz rich with feldspars and few shells. Between 5.5
and 6.5 m depths the sand is light gray or white (Fig. 8). This type
of sand is characteristic of the Pleistocene barrier (Silva, 2011;
Silva et al., 2014b). The rest of the sand section, from 5 m up
to the surface, is composed by a coarse light yellow or brown-
ish sand (Fig. 8). The water table is reached at an average depth
of 4 m.

Revista Brasileira de Geof́ısica, Vol. 33(3), 2015
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Figure 8 – Main characteristics of the sediments collected with the borehole.

Figure 9 – Trench in nearby Itaipuaçu Beach (see Fig. 1 for location) showing the beach internal structure (report to CNPq by Silva, 1972).

DISCUSSION

The main reflectors and reflexions patterns mapped, and the
samples collected in the boreholes allow the identification of
two lithological unities: (1) a basal mud layer which is here in-
terpreted as been deposited in a paleolagoon; (2) an overly-
ing 7 m thick sand layer which represents the Holocene barrier
(Fig. 10). The depositional architecture of the barrier-lagoon sys-

tem was revealed through a set of stratification presenting dif-
ferent geometries, dip angles and directions and organization,
pointing out to the presence of earlier dunes, overwash fans,
beach and beach storm scarps (Fig. 10). Major reflectors orga-
nized with dips either towards land and to the sea indicate phases
of retrogradation and progradation of the barrier through the
Holocene (Fig. 10).

Brazilian Journal of Geophysics, Vol. 33(3), 2015
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Figure 10 – Depositional architecture of the Holocene barrier-lagoon system (based mainly on Profile 2).

Surface E (Figs. 5C and 7), the boundary between the Pleis-
tocene and Holocene, is present throughout the area, from the
lagoonal plain to the Holocene barrier, as proposed by Silva
(2011) and Silva et al. (2014b) and confirmed by the present
work. Surface E continuation across the Holocene barrier is diffi-
cult to observe due to the nearness to the salty water. This surface
E was formed by an erosive process during land exposure in a low
sea level phase (Silva, 2011; Silva et al., 2014b).

The lower section of the sequence is here represented by a
mud layer that changes upwards to a sandy mud layer; the basal
mud shows plane-parallel bedding, mostly under the lagoonal
plain (Figs. 5 and 10). This sedimentary unit is similar to the
one found in Itaipuaçu and, there, it was dated as 6,000 years
BP (Pereira, 2001; Pereira et al., 2003). The extension of this
mud layer under the Holocene barrier is an evidence for a ret-
rograding phase of an earlier barrier located farther south (Silva,
2011; Silva et al., 2014). Such barrier can be identified as the
8,560 years cal BP beachrock outcrop present along the Itaipuaçu
nearshore (Silva, 2011; Silva et al., 2014a; Silva et al., 2014b).
The beachrock and the lagoonal mud layer form the base of the
Holocene Coastal Sequence as defined by Silva (2011) and Silva
et al. (2014b).

At about 150 m from mean tide level and from 7.5 to 3 m of
depth, sands exhibiting stratification dipping 20-45◦ landwards
mark the innermost reach of the barrier during the Holocene.
This deposit, here interpreted as dunes, is over the lagoonal
muds (arrows Fig. 10). This is best observed along Profile 2
and disappears towards the east where the Holocene sands di-
rectly overlie on the Pleistocene sand. The position of the bar-

rier here is probably related to the maximum sea transgres-
sion during the Holocene at 5,100 years BP (Ireland, 1987;
Turcq et al., 1999; Pereira et al., 2003; Silva, 2011; Silva et
al., 2014a). This retrograding phase of the barrier has been al-
ready indicated by Silva (2011) and Silva et al. (2014b) for this
Maricá coastal area, and also in Itaipuaçu coast (Pereira, 2001;
Pereira et al., 2009).

The barrier was then partially eroded by storm waves which
gave rise to an erosive surface (represented by Reflector G –
Fig. 10). To the south, this erosive surface seems truncated by
another surface (Figs. 5 and 10) and the relationship between
them is similar to present-day beach storm scarps (Fig. 9). Over
the erosive surface G, and limited by Reflector H, from 2.7 to 1.7 m
depth, occurs a sand deposit presenting layers which are plane-
parallel horizontal as well as inclined 10-20◦ landwards, similar
to the architecture of washover fans (Figs. 5 and 10) (McCub-
bin, 1982). Washover fans are seen today along this barrier on
the study area (Fig. 3) and along the Itaipuaçu barrier (Silva et
al., 2008b). In subsurface, examples were presented with GPR
images also in Itaipuaçu (Pereira, 2009). Storm waves and
washover fan formation compose an important process forcing
the retrogradation of a barrier in different parts of the world
(Morton, 2002; Morton & Sallenger, 2003; Dillenburg et al., 2004;
Donnelly et al., 2004; Caldas et al., 2006; Switzer et al., 2006;
Wang & Horwitz, 2007; Houser et al., 2008; Matias et al., 2008;
Sedrati et al., 2011; Phantuwongraj et al., 2013).

During most of the last 5,100 years BP, the barrier prograded
(Fig. 10) as sea level lowered along the Brazilian coast (Martin et
al., 1987 apud Martin et al., 2003; Angulo & Lessa, 1997). The
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prograding barrier is composed by coarse sand characterized by
a succession of plane-parallel horizontal to near horizontal strat-
ification truncated by surfaces with dips varying from 20◦ to 40◦

to the sea, resembling today’s beach storm scarps (Figs. 9 and
10). The horizontal to near horizontal strata represent berms, and
the whole unit clearly shows past location of the beach positions
and its progradation through time. The main source of sand was
the shoreface and the continental shelf since there are no rivers
supplying sediments to this coastal area.

The phase of retrogradation, which was then followed by
progradation, has been also observed in different barrier systems
of the Brazilian coast and considered the result of sea level fluc-
tuations during the Holocene (Tomazelli et al., 2000; Tomazelli &
Dillenburg, 2007; Guedes et al., 2011).

The three paleochannels mapped along the barrier at depths
varying from 6 to 3 m (Fig. 7) seem to be associated with the
progradation phase of the barrier. The sediments in these chan-
nels show strata dipping either to west and east (slightly predomi-
nating). In Itaipuaçu, similar paleochannels were also found in the
Holocene barrier though deeper (depth of 10 to 15 m) (Pereira,
2001; Pereira et al., 2003).

On the area of dunes, from the surface to depths of 1.5 to
3 m, a coarse quartz sand deposit with planar cross-strata show-
ing dips of 30-45◦ landwards is found (Figs. 5 and 10). Such
coarse sands dunes is not usual, but in the Maricá coast coarse
sand dunes have been observed today to under storm wind con-
ditions (Silva et al., 2014c). It is here proposed, though pre-
liminary, that these earlier dunes are associated to the phase of
barrier progradation.

On the beach, despite the low quality of the radargrams,
plane-horizontal stratification such as observed on berms (Fig. 9)
was identified (Fig. 10).

Large-scale stratification found in depths varying from 7 to
3 m on Profile 1 (Fig. 7) shows dips either to west and east
(in this case, slight predominant), and could be an indication of
longshore currents playing a role on the barrier formation as a
spit. The data are not conclusive and needs further research, but
it may be an evidence that, at times, the evolution of the barrier
was the result of sea level fluctuation as well as the drifting of
sands by longshore current, a combination of causes, hypothesis
proposed by Schwartz (1971) for the evolution of barrier systems.

Holocene sea level curves for the Brazilian coast (Martin et al.,
1987 apud Martin et al., 2003; Angulo & Lessa, 1997) show that
sea level overtopped today’s level at about 7,000 years ago and
reached a maximum of 3 to 5 m above present-day level at about
5,100 years ago. After that, sea level gradually fell to its present

position. The geomorphology and architecture of the barrier are
in agreement with the sea behavior during the Holocene pointing
out a phase of retrogradation followed by progradation. Based on
existing historical photos and comparison to today’s geographic
position of the barrier crest, the work carried on along the Maricá
coast indicates that the barrier is in a new phase of retrogradation,
in the order of 15 to 30 m for last 30 years (Lins-de-Barros, 2005;
Silva, 2006; Silva et al., 2008b).

In summary, five phases could be identified related to a
model for the barrier evolution during the Holocene, starting with
(Fig. 11): (1) a barrier located towards the south which gave rise
to a beachrock formation at about 8,560 years cal BP (Fig. 11A),
as proposed by Silva et al. (2014a; 2014b). (2) A lagoon was as-
sociated to this barrier since a mud layer is found under the barrier
as the sea progressively rose (the Holocene transgression) and
promoted retrogradation of the barrier (Fig. 11B). (3) The trans-
gression reached a maximum at about 5,100 years BP (Figs. 11B
and C). During this time interval, the barrier was partially eroded
by overwash process which left an erosive surface and washover
fans as records of this phase (Fig. 11C); (4) a sea level fall and
progradation of the barrier, seen as a succession of beach storm
scarps (Fig. 11D); and (5) for the last 30 years, sea level has been
rising leading to the retrogradation of the barrier (Lins-de-Barros,
2005; Silva et al., 2008b).

CONCLUSIONS

With this work it was possible to improve the understanding of
the formation and the evolution of the Maricá Holocene barrier
(Rio de Janeiro). GPR data combined to sample collected from
boreholes allowed the visualization of the barrier inner structure
and architecture down to about 10 m deep and its sedimentary
characteristics.

The results indicated the presence of a basal mud layer, about
1 m thick, deposited in a lagoon; on the top of it, a 7 m thick
coarse sand layer represents the Holocene barrier. The barrier
exhibits distinct reflexion patterns which permits to individualize
phases of barrier migration during the Holocene: (1) At approxi-
mately 8,000 years BP, beachrock in nearby areas (Itaipuaçu and
the Jaconé beaches) are evidences for a barrier located towards
the south (today’s nearshore zone) and the onset of sedimenta-
tion in the area in the Holocene (Silva, 2011; Silva et al., 2014a;
Silva et al., 2014b); (2) on the reverse face of this barrier, a la-
goon was present; sediments collected from a similar lagoonal
mud layer in Itaipuaçu indicated the age of about 6,000 years BP
(Pereira, 2001; Pereira et al., 2003). The stratigraphic position
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Figure 11 – Proposed model for the evolution of the barrier-lagoon system of Maricá (RJ).

of the mud layer points out a transgressive sea (the Holocene
Transgression). The surface of this mud layer is marked by Re-
flector F; (3) the barrier begun to retrograde to a more northern
position in response to a gradual sea level rise, which reached its
maximum at about 5,100 years BP. The barrier sands overtopped
the lagoonal mud or were deposited over the erosive surface F;
(4) intensive storm waves partially eroded the barrier leaving
a surface representing such events (Reflector G) and formed
washover fan deposits (limited by Reflector H); (5) the subsequent
falling of the sea level, during the last 5,100 years, caused the

progradation of the barrier. This phase of progradation is charac-
terized and can be recognized by a succession of beach storm
scarps; also, in this prograding barrier system, paleochannels
seemed to be present. The sediments filling these channels show
layers dipping either to west and east (this last direction slightly
predominates); (6) A set of eolian cross-strata, forming a 2 m
thick deposit, located at the barrier crest, is probably related to
this phase of progradation; and (7) For the last 30 years, the
Maricá barrier system shows a retrograding behavior (Lins-de-
Barros, 2005; Silva et al., 2008b).
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The Maricá barrier-lagoon system seems to have evolved
mostly as a result of sea level fluctuation during the Holocene
(no other main factor, such as sediment supply from rivers, can
be considered here for lack of evidences). Longshore currents
may also have played, at times, an important role in the forma-
tion and evolution of the barrier as a spit, and most of all, intense
storm waves were significant concerning the coastal dynamic
processes shaping the barrier.
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ARAÚJO DSD, CERQUEIRA R & TURCQ B (Eds.). Restingas: origem,
estruturas e processos. CEUFF, Niterói, Rio de Janeiro, Brazil, 75–80.
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