
An Acad Bras Cienc (2014) 86 (2)

Anais da Academia Brasileira de Ciências (2014) 86(2):
(Annals of the Brazilian Academy of Sciences)
Printed version ISSN 0001-3765 / Online version ISSN 1678-2690

www.scielo.br/aabc

Sea-level fluctuations and coastal evolution in the 
state of Rio de Janeiro, southeastern Brazil

JOÃO WAGNER A. CASTRO1, KENITIRO SUGUIO2, JOSÉ C.S. SEOANE3, 

ALINE M. DA CUNHA4 and FABIO F. DIAS5

1,4,5Laboratório de Geologia Costeira, Sedimentologia e Meio Ambiente/LAGECOST, Museu Nacional, 
Universidade Federal do Rio de Janeiro/ UFRJ, Quinta da Boa Vista, São Cristovão, 20940-040 Rio de Janeiro, RJ, Brasil

2Instituto de Geociências, Universidade de São Paulo, Rua do Lago, 562, Cidade Universitária, 05580-080 São Paulo, SP, Brasil
3Departamento de Geologia, Universidade Federal do Rio de Janeiro, 

Avenida Athos da Silveira Ramos, 274, Cidade Universitária, Ilha do Fundão, 21941-916 Rio de Janeiro, RJ, Brasil

Manuscript received on February 3, 2014; accepted for publication on May 5, 2014

ABSTRACT
The present paper aims to investigate the relative sea-level and the coastal evolution during the Holocene in the 
Rio de Janeiro coastline, based on geological and biological indicators. Using topographic survey, excavation 
and coring, and 14C dating of these coastal deposits and beachrocks outcrops, we have reconstructed a sea-
level curve for the Holocene. For the first time on the Brazilian coast it was identified a negative record of 
relative sea-level during Late Pleistocene and Early Holocene transition. After the transition, a relatively rapid 
increase of sea-level began. At approximately at 8500 cal yr BP, the sea-level was 0.5 m below the current 
level, was overtaken for the first time in the Holocene, at approximately 7500 cal yr BP. The maximum level 
of +2.5 m was reached between 4770 and 4490 cal yr BP. At the point of maximum transgression, the sea-
level began a general behavior of lowering until the present. These results confirm other data already obtained 
elsewhere along the Atlantic coast of South America. The results of this study are consistent with previous 
researches and they help to refine the Holocene sea-level record along the Brazilian coast.
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INTRODUCTION

The Southern Hemisphere exhibits well-docu

mented, higher-than-present Holocene sea-level 
events, as can be found in South Africa (e.g., Miller 
et al. 1993, Ramsay 1995), Australia (e.g., Belperio 
1995, Baker and Haworth 2000), and South 
America (Porter and Stuiver 1984, Martin et al. 
1985, Isla 1989, Cavalotto et al. 2004). Suguio et 
al. (1985, 1988) and Suguio (1993) have presented 

several sea-level curves for the Brazilian coast 
based on more than 700 radiocarbon dates.

Fluctuations in the relative sea-level during the 
Holocene were important in the construction and 
evolution of the Brazilian coastal plains (Martin 
et al. 1997). These factors were investigated by 
Roncarati and Neves (1976), Martin et al. (1984), 
Suguio and Tessler (1984), Suguio et al. 1985, 
Flexor et al. (1984), Martin et al. (1985), Suguio 
and Martin (1985), Villwock (1994), Angulo and 
Lessa (1997), Turcq et al. (1999), Suguio (1999, 
2003a, b), and Castro and Suguio (2010).
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Along the coast of Rio de Janeiro, Lamego 
(1945) was the first to provide a general description 
of the life cycle of the lagoons and the lateral 
growth of sandy spits associated with changes in 
the sea-level. Martin et al. (1984) conducted the first 
radiocarbon (14C) dating in the Jacarepaguá coastal 
plain in the city of Rio de Janeiro. This information 
elucidated the relative sea-level variations within 
southeastern Brazil. Martin et al. (1997), in their 
work Coastal Quaternary Geology of the North 
Coast of the State of Rio de Janeiro and Espírito 
Santo, have provided information on the relative 
sea-level changes and distribution of Quaternary 
marine and lagoon deposits along the coast of these 
respective states. The marshland of northeastern 
Rio de Janeiro was flooded by the sea in 5100 cal 
yr BP. After the maximum holocenic transgression, 
a lagoon system was formed and established behind 
the barrier islands. Lowering of the sea-level to 
4900 cal yr BP resulted in desiccation of the lagoons 
and their concurrent filling and replacement by 
wetlands (Castro et al. 2009).

The aim of this paper is to present, for the 
first time, the curve of Holocene sea-level (MSL) 
in Rio de Janeiro based on data from biological 
and geological indicators and compare then other 
curves obtained along the Atlantic coast of South 
America. According to Suguio et al. (1985), the 
main pieces of evidence for changes in the sea-
level during Quaternary period are as follows: 
Geological (Quaternary sandy deposits of marine 
origin that are situated above sea level today 
represent unquestionable evidence of bygone sea-
levels). Biological (This evidence is represented by 
fouling vermetids, barnacles, corals, and urchins 
holes that are located above the current level of life 
of these organisms, thereby indicating sea levels 
above the present).

ENVIRONMENTAL SETTING

The Southeast of Brazil has been classified 
as a passive margin since the opening of the 

South Atlantic at about 130 Ma. In that area, the 
predominant rocks are Precambrian–Cambrian 
granites and gneisses, formed during the Brasiliana 
orogeny between 700 to 450 Ma (Sadowski and 
Dias Neto 1981). The result of this orogenic 
process is a makeable structural framework which 
comprises a complex arrangement of dominantly 
NE-SW trend foliation and shear zones plus N-S 
faults and fractures approximately parallel to the 
coastline (Zálan and Oliveira 2005).

The investigated area comprises the 
Fluminenses Lakes region in the central coast area 
of the state of Rio de Janeiro, southeastern Brazil 
(Fig. 1). In this site, there are two distinct geological 
domains: 1) basements and 2) Cenozoic sedimentary 
covers. The basement rocks are characterized by 
headlands consisting of felsic ortho-gneisses, ortho-
amphibolites, and metasediments intercalated with 
amphiboles. Alkaline intrusions of the Mesozoic-
Cenozoic (Schmitt 2001) also exist. Cenozoic covers 
are sediments from both the continent (Barreiras 
Formation) and the coast, consisting of deltas, 
estuaries, beaches, beach ridges, dunes, lakes, lagoons, 
marshes, and beachrocks (Castro et al. 2009).

Studies on the relative sea-level variations 
identified the former positions of beach lines 
referring to the last Holocene transgression in the 
coast of Rio de Janeiro. The transgression peak 
occurred approximately between 4590 and 5100 
cal yr BP. The marine level was 3.0 m above the 
current, resulting in a large paleolagoon (Dias 
2009). In front of the paleolagoon, barrier-island and 
beach-ridge systems were formed. As the sea-level 
lowered, the lagoon environment was transformed 
into marsh areas (Martin et al. 1997, Castro et 
al. 2012). The occurrence of marine terraces 
composed of sand and gravel from the weathering 
of headlands is associated with this transformation 
(Turq et al. 1999). The inner continental shelf of 
the region is covered by medium-to-fine sand and a 
narrow neck of mud that extends to a depth of 25 m 
(Silva et al. 2011).
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The wave climate consists of predominantly 
good weather in the northeastern quadrant. 
The occurrence of anticyclone swells from the 
South Atlantic Ocean is associated with east-
southeastern polar cold fronts (Silva 2009). The 
study area is located in a micro-tidal region of the 
Brazilian coast. The tidal regime is asymmetrical 
and semi-diurnal, with a highest tide of 1.0 m and 
low tides between 0.06 and 0.025 m, referencing 
the tide reduction (0.67 m) by the Navy of Brazil 
(Silva 2009).

In this region, the phenomenon of oceanographic 
coastal upwelling is generated by northeastern 
winds, which are produced by an atmospheric center 

of semi-permanent high pressure over the South 
Atlantic Ocean, thereby producing cold waters that 
are rich in nutrients. Some sea-surface anomalies, 
such as negative temperatures caused by the 
wind direction in coastal upwelling, are present 
on the continental shelf of southeastern Brazil, 
especially during the summer (Gyllencreutz et 
al. 2012). When northeastern winds persist for 
several days, a strong upwelling may occur with 
the decrease in the sea surface temperature (up to 
15°C) near the coast of Cabo Frio, in the region of 
the Fluminenses Lakes. These temperatures are 
approximately 10°C cooler than in other sites of 
the southeastern Brazilian coast (Fonseca 2012).

Figure 1 - Location of the study area in the state of Rio de Janeiro, southeastern Brazil.
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MATERIALS AND METHODS

TOPOGRAPHIC SURVEY

The topographic data and coordinates (x, y) were 
obtained using the Pro Mark 2 GPS tracker. GPS 
static and kinematic methods were used during 
this stage of the present study. Collection-point 
coordinates of the geological and biological 
materials were obtained by the static method. The 
kinematic method was employed to survey quoted 
points to construct the sea-level rise variation 
(RSL) curve.

The information was processed by the Astech 
Solutions software. In addition, information was 
used from the geodetic station "3073 D" of the 
Brazilian Institute of Geography and Statistics 
(Instituto Brasileiro de Geografia e Estatística - 
IBGE). To compute the orthometric height of the 
RSL curve, the following mathematical expression 
was applied: H = h + N, where h is the ellipsoidal 
height, H is the orthometric height, and N is the 
geoid undulation.

DRILLING METHOD

Eight percussion drills were performed perpen
dicular to the coastline within the study area. The 
drillings were based on the distance and depth of 
the sample position relative to the current sea-
level, which is defined by the “3073 D” geodetic 
station of the Brazilian Institute of Geography and 
Statistics (IBGE).

BIOLOGICAL INDICATORS IN THE SURFACE WATERS

Biological indicators were researched in the coastal 
wetlands near the coastline and rocky shores in 
direct contact with the ocean. Vermetids, paleo-
barnacles, sea urchins, logs of wood, and mollusk 
shells were identified. The depth and altimetric 
dimensions of the material collected by the Pro 
Mark 2 GPS tracker (static method) were defined. 
Living homologs of vermetids and barnacles were 
used to position the altitude of the samples relative 

to the current mean sea level. In total, 22 samples 
were radiocarbon dated.

EMERGED AND SUBMERGED GEOLOGICAL INDICATORS

Three emerged samples and four submerged 
samples of beachrocks were collected on the Cabo 
Frio Island (Castro et al. 2012) and on the Jaconé 
Beach (Mansur et al. 2011) in southeastern Brazil. 
Sample collection on the Cabo Frio Island was 
conducted via autonomous diving with a portable 
echobathymeter. The geographical position of the 
emerged and submerged outcrops was defined by 
the Pro Mark 2 GPS tracker. During this research 
phase, the Enseada do Cabo Frio chart (scale, 
1:20,000; Navy of Brazil) was used. Seven samples 
were analyzed under a petrographic microscope 
and radiocarbon dated.

DATING OF THE SAMPLES

In total, 29 samples were radiocarbon dated for 
conventional method, including seven mollusk 
shell samples, two peat samples, one carbonized-
wood trunk sample, nine vermetids samples, one 
barnacle sample, two organic soil samples, and 
seven beachrock samples (Fig. 2).

During this research stage, the collected 
material was sent to Beta Analytic Inc., in Miami, 
FL, United States and to the Head of Radiation 
Hygienic Monitoring Laboratory (HRHML) in 
Kiev, Ukraine.

CURVE OF THE RELATIVE SEA LEVEL

The RSL curve of the Rio de Janeiro coast in 
southeastern Brazil was obtained from altitude 
definition (vertical axis) and radiocarbon dating 
(horizontal axis) of the samples. This information 
refers to GPS surveys by both static and kinetic 
methods applied to indicators obtained during field 
work. The altimetric amplitudes of the testimonies 
were obtained from the top by subtracting the depth 
of the geological or biological indicator, thereby 
allowing for measurement of the associated error.
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The Grapher 6.0 software was used to generate 
the RSL curve. This tool consists of three spheres: 
one tabular, another for tabular data and plot 
manipulation, and finally, the layout. Calibrated 
sample data were added to two columns: the x-axis 
for the mean calibrated ages and the y-axis for the 
altitudes of the samples. From the sample values, 
linear, second-degree polynomial, and fourth-degree 
polynomial trend lines were generated. In parallel, 
another curve was generated by averaging the ages 
calibrated at 2 σ. All of the surveyed altimetric 
quotes were calibrated with the information obtained 
between the past and present sea levels. The altitudes 
of the biological and geological samples for 
constructing the RSL curve were calibrated using the 
Datum Imbituba, state of Santa Catarina. The curve 
error was corrected based on the positioning of living 

homologs of Laguncularia racemosa (vermetids) 
and Tetraclita stactifera (barnacle) subjected to a 
micro-tidal environment.

RESULTS

Table I presents the laboratory name, the sample 
height in comparison with the current relative sea 
level, the type of biological or geological indicator, 
the geographic coordinates (latitude and longitude), 
and the conventional age and calibrated age at 2 σ. 

DISCUSSION

Geochronological results obtained from submerged 
beachrocks suggest that, between 11,940 and 11,240 
cal yr BP, the relative sea-level was 4.5 m below the 
current (Fig. 3). This time interval locally records 
the transition between the late Pleistocene and early 

Figure 2 - Location of biological and geological samples in the Fluminenses Lakes region, central coast area in the state of Rio 
de Janeiro, southeastern Brazil.
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TABLE I
Calibrated ages by 14C dating of the twenty nine samples obtained on 

the coast of the state of Rio de Janeiro in southeastern Brazil.

Sample Lab. number Height 
(m)

Sea-level 
indicator

Geographic
coordinates

Conventional age
(years B.P.)

Calibrated age
(years cal. B.P. 2 sigma)

1 HRHML
(LagecosT 1455) 0.30 Mollusc shells 22°44’48’’

41°51’52’’ 5070 + 70 5287 – 5573

2 HRHML 
(Lagecost 1456) 0.65 Mollusc shells 22°44’46’’

41°52’53’’ 5540 + 75 5734 – 6132

3 HRHML 
(Lagecost 1457) 1.40 Soil 22°52’45’’

42°01’05’’ 5830 + 80 6399 – 6754

4 HRHML 
(Lagecost 1458) 1.0 Turf 22°52’03’’

42°01’02’’ 6230 + 150 6730 – 7418

5 HRHML
 (Lagecost 1459) 1.10 Turf 22°52’04’’

42°01’05’’ 6340 + 85 6989 – 7418

6 HRHML 
(Lagecost 1500) - Soil 22°52’48’’

42°01’06’’ 6870 + 100 7488 – 7858

5 HRHML 
(Lagecost 2) 1.60 Mollusc shells 22°44’48’

41°52’53’’ 3350 + 70 3000 – 3373

8 HRHML
 (Lagecost 3) -0.10 Wood 22°52’44’

42°01’06’’ 5910 + 55 6497 – 6794

9 HRHML
 (Lagecost 11A) 1.50 Vermetid 22°44’47’’

41°52’53’’ 2810 + 95 2321 – 2745

10 Beta Analytic
259845 1.43 Vermetid 22°44’51’’

41°52’49’’ 3050 + 80 2683 – 3050

11 Beta Analytic
259845 1.31 Vermetid 22°44’45’’

41°52’57’’ 2760 + 70 2325 – 2686

12 Beta Analytic
259847 1.81 Vermetid 22°44’48’’

41°52’51’’ 2890 + 60 2453 – 2780

13 Beta Analytic
259848 1.38 Vermetid 22°44’43’’

41°52’50’’ 2760 + 70 2325 – 2686

14 Beta Analytic
259849 2.0 Barnacle 22°52’47’’

42°01’08’’ 3820 + 70 3581 – 3.960

15 Beta Analytic
259850 2.5 Vermetid 22°52’41’’

42°01’03’’ 4400 + 60 4409 – 4771

16 Beta Analityc
262078 1.37 Vermetid 22°52’40’’

42°01’09’’ 2350 + 70 1798 – 2153

17 Beta Analytic
270651 0.85 Vermetid 22°47’19’’

41°55’57’’ 1410 + 40 1040 – 890

18 Beta analytic
270650 0.90 Vermetid 22°47’19’’

41°55’57’’ 1540 + 40 1180 – 1000

19 Beta Analytic
262079 0.94 Mollusc shells 22°44’41’’

41°55’56’’ 5780 + 70 5997 – 6335

20 Beta Analytic
248721 -4.5 Beachrock 

Shell
22°57’59”
42°01’41” 10460 + 70 11940 – 11240

21 Beta Analytic
243863 -3,0 Beachrock

Shell
22°01’41”
42°01’41” 10250 + 50 11149 – 11.337

22 Beta Analytic
248722 0.0 Beachrock 

Shell
22°01’42”
42°00’42” 7090 + 60 7910 – 7690

23 Beta Analytic
248723 1.5 Beachrock 

Shell
22°01’42”
42°01’42” 3210 + 80 3130 – 2860

24 Beta Analytic
310447 0.50 Mollusc shells 22°45’49”

41°57’27” 5460 + 40 6190 – 6330

25 Beta Analytic
332410 0.50 Mollusc shells 22°52’24’’

42°20’36’’ 2500 + 30 2270 – 2090



An Acad Bras Cienc (2014) 86 (2)

677 SEA-LEVEL FLUCTUATIONS IN STATE OF RIO DE JANEIRO, BRAZIL

Holocene on the coast of the state of Rio de Janeiro, 
southeastern Brazil. Analysis of Rhodophyta, 
genus Spongites (Kützing, 1847), in the beachrock 
samples collected between -4.5 and -3.0 m indicate 
a depositional environment in tropical waters 
with temperatures above 23° C, between the late 
Pleistocene and early Holocene (Castro et al. 
2012). These water paleo-temperatures above 23°C 
are markedly different from the current records, 
in which the average is approximately 18ºC due 
to the coastal upwelling phenomenon. During this 
time interval, the process of beachrock lithification 
occurred in water conditions much warmer than 
the current. According to Mabesoone (1964), 
lithification is caused by contact of the groundwater 
with seawater, thereby dissolving the carbonate 
present in the sediments, which are precipitated in 
the form of calcite.

The upwelling zone of the Arraial do Cabo 
coast (Cabo Frio Island), Brazil, in the early 
Holocene, was located far from the current position 
(Andrade 2008). Beachrocks outcrop at several 
locations on the coast of the state, especially in the 
sector facing the south quadrant. It was possible 
to recognize five lines of parallel beachrocks: 
one emerged at 1.5 m above the current average, 
one emerged at the level of the current beach at 
0.0 m, and the other three were submerged at the 
bathymetric quotes of -0.5, -3.0, and -4.5 m.

The ages range from 11,940 to 3130 cal yr 
BP (Table I). The beachrocks that are exposed 
at the current beach surface correspond to the 
"zero" reference level (current mean sea level), 
as determined by geodetic station "3073 D" of 
the Brazilian Institute of Geography and Statistics 
- IBGE. The sedimentological and stratigraphic 
characteristics of the beach environment, which 
include a tabular morphology with smooth dips 
below >3° and a micro-tidal regime with variations 
of <1.0 m on the coast of the state of Rio de Janeiro, 
confer accuracy to these rocks as indicators of the 
mean sea-level. Various researchers have used 
beachrocks to rebuild RSL curves, mainly in 
microtidal and mesotidal regions (Kindler and Bain 
1993, Dickinson 2001, Bezerra et al. 2003, Caldas 
et al. 2006).

The studies of relative sea-level variations 
conducted by Suguio et al. (1985), Angulo and 
Lessa (1997), and Bezerra et al. (2003) do not 
provide information on the time interval involving 
the Pleistocene - Holocene transition because of 
the absence of geological and biological indicators 
with ages within this period in a large portion 
of the Brazilian coast. During the Pleistocene - 
Holocene transition, the relative sea-level at the 
southeastern Brazilian coast was 4.5 m below the 
current (Fig. 4). After the transition, a relatively 
rapid rise began. At approximately 8500 cal yr BP, 

TABLE I (continuation)

Sample Lab. number Height 
(m)

Sea-level 
indicator

Geographic
coordinates

Conventional age
(years B.P.)

Calibrated age
(years cal. B.P. 2 sigma)

26 Beta Analytic
332411 - Mollusc shells 22°44’52’’

41°52’57’’ 5490 + 30 5910 – 5830

27 Beta Analytic
332412 - Mollusc shells 22°44’49’’

41°52’48’’ 5000 + 30 5430 – 5280

28
CAIS - Georgia 

University
Marsur et al. (2011)

0.0 Beachrock 
Cement

22°55’58’’
42°34’04’’ 7410 + 30 6008 –  5786

29
CAIS - 

GeorgiaUniversity
Marsur et al. (2011)

-0.5 Mollusc shells 22°55’58’’
42°34’04’’ 9190 + 30 8198 – 7827
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the sea-level was 0.5 m below the current level. 
“Zero” (the current mean level) was overtaken for 
the first time in the Holocene, at approximately 
7500 cal yr BP (Fig. 4). Information obtained in 
the present study confirms the data obtained by 
Martin et al. (1985, 1997), and Bezerra et al. 
(2003) for the Brazilian coast and by Cavalotto et 
al. (2004) for the Argentinian coast.

Between 5500 and 4500 cal yr BP, the relative 
sea level (RSL) reached the first Holocene peak 
with a maximum height of 2.5 m above the current. 
This event characterizes the Last Maximum Peak 
of the Holocene Transgression in southeastern 
Brazil in the work called “the Cabo Frio 
transgression” (Fig. 4). Rising sea-levels caused by 

the transgression caused the region's rivers Una and 
São João to overflow, thereby transforming their 
stream mouths into estuaries. Subsequently, barrier 
islands were formed and, at that time, isolated large 
lagoon systems (Dias 2009).

The decrease in the relative sea-level following 
the maximum transgression led to the construc
tion of marine terraces from the original barrier 
island, resulting in coastline progradation. The 
lowering of the sea-level caused the gradual 
transformation of lagoons in ponds; the ponds 
became brackish marshes and, eventually, fresh 
water (Suguio et al. 1985). Numerous ponds on 
the southeastern Brazilian coast present vestiges 
of much larger, ancient lagoons. During the last 

Figure 3 - Occurrence of beachrocks on Cabo Frio Island, southeastern Brazil. A: Beachrocks on the beach surface, at 0.0 m, 
current mean level (248722 Beta sample dated at 7910 - 7690 cal yr BP [Table I]). B: Beachrock submerged at a depth of -4.5 m 
(248721 Beta sample, dated at 11,940 - 11,240 cal yr BP [Table I]). C and D: Laminar structure demonstrating the occurrence of 
bioclasts of rounded Rodophyta and angular-to-subangular crystaloclasts. 
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1000 cal yr BP, with the relative sea-level at the 
position of 1.0 m above the current level, fields 
of climbing-type dunes were established in the 

northeastern on the coast of the state of Rio de 
Janeiro in southeastern Brazil. These fields are 
currently active (Fig. 4).

Figure 4 - Relative sea-level variation curve for the coast of the state of Rio de Janeiro, southeastern Brazil. Black Color: Curve 
constructed from a linear trend line defined by averaging the calibrated ages at 2 σ. Red Color: Curve constructed by a fourth-
degree polynomial.

In Fig. 4, the RSL curve for the coast of the 
Rio de Janeiro, southeastern Brazil, presents 
a linear trend line defined by averaging the 
calibrated ages at 2 σ in (Black Color) and the 
fourth-degree polynomial in (Red Color). Despite 
methodological differences between (Black Color) 
and (Red Color), a general similarity is observed 
between both curves. The only difference occurs 
with the Last Great Holocene Transgression – the 
“Cabo Frio Transgression”. In (Red Color), the 
vertex of the trend line does not correspond to 
the Maximum Holocene Transgression at 5000 
cal yr BP, as documented by Suguio and Martin 
(1985). In (Black Color), the vertex of the curve 
is significantly closer to the age that corresponds to 
this transgression event, which is widely known in 
Brazil (Martin et al. 1984, Suguio and Martin 1987, 
Angulo and Lessa 1997, Bezerra et al. 2003).

The GPS trackers employed were highly 
effective on the coast of the state of Rio de Janeiro 
determining the altitude (vertical axis) of the 
samples used for constructing the curve (Fig. 4). 
The current zero reference (mean sea level) was 
defined according to the report from the "3073 
D" geodetic station of the Brazilian Institute of 
Geography and Statistics - IBGE. The margin of 
error for the sample altitudes was minimal. Several 
investigations conducted on the South American 
coasts regarding relative sea-level variations have 
not clearly or precisely defined the reference 
level of the samples used in the vertical plane 
(Isla 1989, Angulo and Lessa 1997, Angulo et al. 
2002, Cavalotto et al. 2004, Caldas et al. 2006). 
The absence of this information yields potential 
inaccuracies regarding the height of the marine 
paleo-levels of the proposed curves.
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One of the greatest challenges in generating 
an RSL curve is defining the altitude of the 
biological and geological samples in reference 
to “zero” (i.e., the current mean level). In the 
present work, fouling vermetids, barnacles, and 
beachrocks were identified precise indicators 
for defining the marine paleo-levels. Along the 
rocky coast of the state of Rio de Janeiro, there 
is representative biological evidence of past sea-
levels higher than the current level. According to 
Martin et al. (1985), this evidence is characterized 
by numerous fouling vermetids, barnacles, and 
mollusk shells above the current living zone of 
these species. The fouling vermetids occur in the 
lower quarter of the intertidal zone, i.e., in the 
region between the low-tide level of quadrature 
and the low-tide level of syzygy (Laborel 1979, 
Laborel and Laborel-Deguem 1986, Angulo et al. 
2002). The sea-level indicators, which differ from 
the current, may be used only when, the altitude 
of the living homologs representing the evidence 
or the original altitude of the indicator in reference 
to the mean sea-level at the time of its formation, 
are known. Two indicator methods are used to 
rebuild the marine paleo-levels: comparison with 

the current forms or comparison with a standard-
altitude catalog (Suguio 1999).

In the Malhada Marsh, which is located 10 km 
from the current coastline, mollusk shells in the 
lagoon sediments were identified and radiocarbon 
dated, yielding ages less than 6300 cal yr BP. The 
presence of Anomalocardia brasiliana shells in the 
marshes of the state of Rio de Janeiro, especially 
in the Malhada Marsh, is caused by the past hyper-
saline environmental conditions (Cunha 2012). 
The mollusks species are positioned between 0.30 
m and 0.94 m above current sea-level. Despite low 
precision for indicating ancient marine sea-level 
heights, Anomalocardia brasiliana was critical 
for understanding the horizontal displacements 
of paleo-coastlines within the study area. After 
the "Cabo Frio Transgression" peak, rapid marine 
regression occurred at approximately 4400 cal 
years BP. This event documented by Martin et al. 
(1997) and Castro et al. (2009) was responsible 
for the generalized mortality of mollusk shells in 
various segments of the southeastern Brazilian 
coast, especially in the coastal wetlands of the 
Cabo Frio region, central coast area in the state of 
Rio de Janeiro (Fig. 5).

CONCLUSIONS

All the biological and geological indicators 
employed in this study were important for rebuil
ding the ancient positions of the relative sea-level in 

Figure 5 - Overview of mollusk shell deposits dated at 5287 – 5573 cal yr BP (sample HRHML / 
LAGECOST 1455, Table I) Malhada Marsh, Cabo Frio - southeastern Brazil.

the horizontal plane; the horizontal (x) axis curves 
were obtained using both the linear trend line and 
the average age calibrated at 2 σ. However, the 
indicators composed of vermetids and barnacles 
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(biological indicators) and beachrocks (geological 
indicators) were accurate for defining the old marine 
levels, in the vertical projection, using the ordinate 
(y) axis of the proposed curves. In the bays and inlets 
of the Rio de Janeiro coast, the living homologs of 
sea worm snails and barnacles occupy the mean sea-
level (0.0 m). It was possible to distinguish the paleo-
beach lines within the five beachrock lines. Through 
analysis of the sedimentary structures and grain 
size, the sea-level during the deposition process 
was accurately defined. Because the coastline of 
the state of Rio de Janeiro is dominated by micro-
tides, with little variation between the maximum 
and minimum, the margin of error for the sample 
altitudes was minimal.

The variation curve of the relative sea-level 
during the last 11,910 cal yr BP revealed that, 
during the Pleistocene - Holocene transition, the 
sea-level was 4.5 m below the current. This is the 
first identified negative sea-level record during Late 
Pleistocene and Early Holocene transition on the 
Brazilian coast. At 7500 cal yr BP, the sea-level rise 
slowed, reaching the current level. The maximum 
level of +2.5 m was reached between 4770 and 4490 
cal yr BP. At the point of maximum transgression, 
the sea-level began a general behavior of lowering 
until the present. These results confirm other data 
already obtained elsewhere along the Atlantic coast 
of South America.

The average rate of relative sea-level variation 
during the Holocene in the state of Rio de Janeiro 
coast, southeastern Brazil, was 7.0 m, with a 
negative variation of 4.5 m and a positive variation 
of 2.5 m. Between 11,910 and 7500 cal yr BP, the 
average rate was 1.2 mm/yr, with a variation of 
1.20 m within 1000 yr. Between 7500 and 4690 
cal yr BP, the average rate was 0.87 mm/yr, with a 
variation of 0.87 m within 1000 yr. From 4690 cal 
yr BP to the present, the lowering of the relative 
sea level was 0.53 mm/yr, with a variation of 0.53 
m within 1000 yr. Therefore, it is concluded that 
deceleration of the relative sea-level variation 

occurred during the Maximum Holocene in the 
analyzed coastal segment.

There are two direction to be follow in future 
research which could be a particular value in refining 
our knowledge of sea-level fluctuations along the 
southeastern Brazilian coast. Firstly, there is a need 
to examine, in detail, the evidence for a sea-level 
low at 11,910 cal yr BP in all regions. Secondly, 
the method employed in this study would need to 
be applied to other parts of the Brazilian coastline. 
This extension should include already studied areas 
such as the states of São Paulo, Santa Catarina, 
Bahia and Rio Grande do Norte, but could be 
extended into states such as Espírito Santo which 
have not been studied to date. This method may 
be used to build relative sea-level variation curves 
for mesotidal and microtidal regions. The method 
expresses sea-level fluctuations in millimeters to 
meters, which may be used for current scenarios of 
the rising or declining sea- levels in Brazil and in 
the Southern Hemisphere.
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RESUMO

O presente trabalho tem como objetivo investigar 
as variações do nível relativo do mar e a evolução 
costeira durante o Holoceno no litoral do Estado do 
Rio de Janeiro, com base em indicadores geológicos 
e biológicos. Realizou-se levantamento altimétrico, 
execução de sondagens e datações ao 14C na planície 
costeira e em afloramentos de rochas de praia. A partir 
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dos dados obtidos, construiu-se uma curva do nível 
relativo do mar para o Holoceno. Pela primeira vez na 
costa brasileira foi identificado um recorde negativo 
do nível relativo do mar, envolvendo a transição final 
do Pleistoceno e início do Holoceno. Após a transição, 
iniciou-se um processo relativamente rápido de subida 
do nível do mar. Há aproximadamente 8.500 anos cal 
A.P., o nível marinho, encontrava-se a - 0.5 m abaixo do 
nível atual. O “zero” (nível médio atual) foi ultrapassado 
pela primeira vez no Holoceno há cerca de 7.500 anos 
A.P. Entre 5.500 - 4.500 cal anos A.P, o nível relativo do 
mar atingiu o primeiro máximo holocênico com altura 
máxima de +2.50 m acima do atual. A descida do nível 
relativo do mar subseqüente ao máximo transgressivo, 
levou à construção de terraços marinhos, resultando 
na progradação da linha de costa até o presente. A 
maioria dos resultados corroboram dados já obtidos 
em outros segmentos da costa atlântica da América do 
Sul. Resultados aqui apresentados são consistentes com 
pesquisas anteriores e ajudam refinar o registro do nível 
relativo do mar Holoceno na costa brasileira.

Palavras-chave: Flutuações do nível do mar, Evolução 
costeira, Holoceno, costa brasileira.
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