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Abstract 

Paleoenvironmental reconstructions in coastal 
environments have been carried out using indicators of 
relative sea level oscillation (RSL), among them, mollusk 
shells, beachrocks and sedimentary records. Data from 
eleven geological-geotechnical drilling cores (from 15 m to 
30 m long) distributed along the Ipanema - Leblon coastline 
and on the edge of the Rodrigo de Freitas Lagoon and 
respective stratigraphic profiles were analyzed in this work. 
Ten radiocarbon ages obtained from shell samples calibrated 
to eliminate the effect of reservoir were used to perform the 
time evolution of the study area.  
The obtained results allowed to identify five distinct stages 
on the sedimentary evolution of  the Southern Zone of  the 

Rio de Janeiro City related to the Holocene RSL variations: 
the first stage under continental environmental conditions, 
with sea level approximately 4.5 m below the current; the 
second stage corresponding to a paleo-cove formed due to 
the sea level rising; the third stage associated with the mid-
Holocene maximum transgression, in which the entire study 
area was flooded; the fourth stage following the gradual 
lowering of  the RSL and marked by the formation of  a 
paleo-bay; the fifth stage corresponding to the current 
configuration of  the coastline. 
 
Keywords: Relative sea level change. Quaternary. Marine 
Sedimentation. Coastline evolution. 2D-Model. 

1. Introduction 

Quaternary period was marked by impressive climatic 
oscillations and large variations of the relative sea level 
(RSL), which were responsible for the construction of 
current worldwide coastal sedimentary environments, such 
as beaches, tidal plains and lagoons (Elias, 2007; Flemming 
et al., 2017).  

Until recently there was a worldwide geological 
correlation project aiming to determine an eustatic curve for 
the Holocene (Suguio et al., 1985; Pirazzoli, 1991). This 
project was quickly abandoned, since the field work showed 

that it is impossible to make such correlations due to 
different regional records of sea level changes (Suguio et al., 
1985; Khan et al., 2015). Paleo-sea level variations included 
eustasy (global sea level change) causing alterations in the 
volume of oceanic basins (tectono-eustasy), of the sea water 
(glacial eustasy) and even the variation of oceanic levels 
(geoidal eustasy), but also variations in the ground level due 
to tectonism or isostasy (Mörner, 1984; Fairbanks, 1989) and 
also to local geomorphological features (Ramsay and 
Cooper, 2002). Faced the impossibility of constructing sea 
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level global curves, the research began to be developed 
locally.  

In Brazilian coast, RSL change are recorded along the 
littoral (e.g. Bezerra et al., 2003; Boski et al., 2016; Jesus et 
al., 2017; Angulo et al., 2006, 2018), being identified by both 
vertical and horizontal projection indicators (Castro et al., 
2014). Along the coast of Rio de Janeiro State, several 
authors have identified records of RSL variations along the 
Holocene such as, Lamego (1945), Roncarati and Neves 
(1976), Flexor et al. (1984), Maia et al. (1984), Suguio et al. 
(1985), Shipowner (1997), Castro et al. (2006, 2012, 2014), 
Dias et al. (2009), Mansur et al. (2011), Roncarati and Carelli 
(2012), Cunha et al. (2017), Jesus et al. (2017) among others. 
These authors observed such evidences in the coastal 
segment between Parati and Cabo Frio (Fig. 1). 

Lamego (1945) performed one of the first works about 
RSL change and described the structure of the coast of the 
Rio de Janeiro State and the evolutionary cycle of the Rio de 
Janeiro lagoons. This author described peculiarities of 
Sepetiba Bay (Fig. 1B) and aspects related to the formation 
of Maricá (Fig. 1E), Saquarema (Fig. 1F) and Araruama 
lagoons (Fig. 1G). 

In the region of Sepetiba Bay (Fig. 1B) it is possible to 
highlight several evidences of RSL variation. Roncarati and 
Carelli (2012) proposed four stages for the formation of this 
bay, associated to RSL fluctuations. Villena et al. (2012) 
observed evidences of RSL through the analysis of 
geophysical profiles and sediment cores, including 
foraminifera in specific sedimentary environments and 
palynological contents. Carelli et al. (2012) described the 
occurrence of sandy strings at 4 and 5 meters above current 
sea level in the coastal plain of Itaguaí and associated them 
with higher sea levels in the geological past. Yet, Pereira and 
Santos (2012) described two transgressive/regressive cycles 
for the Holocene in the Guaratiba mangrove, based on the 
description of mollusks found in this area. 

Roncarati and Neves (1976) described the development 
of the coastal plain of Jacarepaguá (Fig. 1C) and associated 
the formation of the internal and external littoral sand spits 
with two transgressive events, which gave rise to the 
formation of Jacarepaguá, Camimim, Tijuca and Marapendi 
lagoons by the partial silting of old lagoons. Subsequently, 
Maia et al. (1984), Calheiros (2006) and Pereira et al. (2012), 
contributed with sedimentological, geophysical and 
geochronological studies obtained in this area, corroborating 
the hypothesis that the RSL changes influenced the 
sedimentary processes in this coastal plain. 

Suguio et al. (1985) recognized 17 positions of the RSL, 
in the segment between Parati and Angra (Fig. 1A), which 
allowed the elaboration of a curve of the RSL change for this 
sector corresponding to the last 2,500 years. These authors 
still identified two maximum RSL levels, of 3 meters and 4.8 
meters above the current sea level. 

Shipowner (1997) related the genesis of two marine 
terraces in Guanabara Bay to the Holocene marine 

transgressions (Fig. 1D). This author described and related 
the presence of fluvial clays intercalating the sands of the 
Caceribu Formation to lower marine levels than the current 
during the sedimentary infilling of what is now the 
Guanabara Bay. 

Large number of works related to RSL changes were 
performed in the lakes region of the Rio Grande do Sul State. 
Several authors identified past levels of paleobeaches along 
the littoral of this region, mainly using the beachrock 
alignments (such as Mansur et al., 2011; Castro et al., 2012, 
2014; Cunha et al., 2017; Malta et al., 2017; Malta, 2017). In 
addition, to beachrocks, evidences such as, marine carvings, 
hedgehog marks, marine terraces, vermicides, paleo-
barnacles and accumulation of seashells of the Tauá Reserve, 
were also used as evidences of RSL changes in the lakes 
region (Castro et al., 2006; Dias et al., 2009; Dias, 2009). 
These kinds of evidences have been also observed in other 
regions of the world (Rostami et al., 2000; Patzkowsky and 
Holland, 2012). 

Castro et al. (2014) proposed a Holocene RSL curve for 
the coast of the Rio de Janeiro State, which was later 
corroborated by the works of Malta et al. (2017) and Malta 
(2017). These authors documented a negative RSL record, at 
the end of the Pleistocene and the beginning of the 
Holocene. 

This work aims to understand the geological-stratigraphic 
evolution of the region between the Rodrigo de Freitas 
Lagoon and the Atlantic Ocean, at south of Rio de Janeiro 
City (SE, Brazil). It was based on a significant number of 
sediment cores (11) collected along the Ipanema - Leblon 
coastline and on the edge of the Rodrigo de Freitas Lagoon 
(Fig. 1). Ten radiocarbon ages were used to reconstruct the 
paleoenvironmental evolution and local dynamics. 
 

2. Study Area 

In the Rio de Janeiro State, the littoral sedimentary 
environments are characterized by extensive Quaternary 
plains, mainly between the Guanabara Bay and the 
Itabapoana River, close of the frontier with the Espírito 
Santo State (Fig. 1). These coastal plains are limited by rocks 
of the crystalline basement and terraces of the Barreiras 
Formation, which is extended over almost the entire 
Brazilian coast (Cunha et al., 2017). Suguio (2003) described 
these plains as low-gradient depositional geomorphological 
surfaces, where prevailed subaquatic sedimentation 
processes, in marginal marine environments. 

In this area, there is a contrast between the crystalline 
basement units, belonging to the Oriental Terrain and 
Ribeira Belt (Heilbron et al., 2004), and the Cenozoic 
deposits. The outcrop of basement rocks belongs to the 
Cordeiro and Rio de Janeiro suites, together with the 
paragneiss of the São Fidélis Group (Heilbron et al., 2004). 
Cenozoic sedimentary coverings are composed by coastal, 
alluvial and anthropogenic deposits (Heilbron et al., 2016).
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Fig. 1. Location map of the study area, in the Southern Zone of the Rio de Janeiro City (SE Brazil). Segments of the Rio de Janeiro coast, 
in which indicators of RSL variations along Holocene were identified, are represented. Adapted from INEA (Instituto Estadual do 
Ambiente) geomorphic map of Rio de Janeiro (https://www.inea.rj.gov.br/portalgeoinea). 

 
 
In terms of geomorphology, three morpho-structural 

units were defined by Dantas (2001) in the study area: the 
coastal and inland unities, which cover a relatively (WSW-
ENE) aligned set of mountains between the bay and the 
coastal slopes, being the coastal massifs the eastern border 
of the Guanabara Graben; the coastal plains and the coastal- 
fluvial -alluvial – marine coastal plains and; series of sand-
spits originated as the result of coastal strings stacking, 
originated from sedimentary processes following RSL 
oscillations. The relief of this unit is smooth and marked by 
alternations of parallel sandy ridges with flooded 
depressions. 

At present, the processes of sediment addition and 
removal on the coastline of the Southern Zone of the Rio de 
Janeiro City are strongly influenced by oceanographic 
factors, being waves, tides and longshore currents the main 
driving forces. Two main wave climates act on the Leblon - 

Ipanema beach segment during the summer and winter 
seasons (Coutinho, 2007). In summer, the climatic and sea 
conditions are less energetic and waves of S/SE quadrant are 
predominant (Coutinho, 2007). During the winter period, in 
which the waves are more energetic, predominate waves 
from the S/SW quadrant, associated with strong swell 
(Coutinho, 2007). The East-West orientation of this beach 
segment causes drift currents, resulting from storm waves, 
that remobilize the sediments eastwards, accumulating them 
in the Arpoador beach, while the currents of southeast waves 
remobilize the sediments toward the Leblon beach. 

 

3. Materials and Methods 

In this work, the Holocene paleoenvironmental 
reconstruction and evolution model was developed in the 
Southern Zone of the Rio de Janeiro City, including Rodrigo 
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de Freitas Lagoon, Jardim Botânico, Humaitá, Gávea, 
Leblon and Ipanema neighborhoods (Fig. 2). Eleven 
geological-geotechnical drilling cores, spatially distributed in 
a rectangle bounded by the coordinates 43°14'W to 43°11'W and 
22°58'S to 23°0'S, along the Ipanema-Leblon coastline and at the 

edge of the Rodrigo de Freitas Lagoon, were analyzed in this work. 
The geographic coordinates (latitude and longitude) and the 
identification of the analyzed cores are presented in Table 1. 
Stratigraphic profiles were performed, scanned and later 
vectored using the Corel Draw software, version X7.

 

 

Fig. 2. Study region between the Rodrigo de Freitas Lagoon and the Atlantic Ocean, at south of Rio de Janeiro City (SE Brazil) and the 
location of the analyzed profiles (ZS01-ZS11). Adapted from Google Earth. 
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Tab. 1. Identification of geological-geotechnical drilling cores. The 
coordinates (UTM) were collected in the horizontal datum WGS-
84, zone 23 K. 

Core 
Longitude 

(UTM) 
Latitude 
(UTM) 

ZS-01 681589 m E 7456982 m S 

ZS-02 682057 m E 7457078 m S 

ZS-03 682078 m E 7456977 m S 

ZS-04 682770 m E 7457183 m S 

ZS-05 682902 m E 7457196 m S 

ZS-06 682888 m E 7457148 m S 

ZS-07 683353 m E 7457142 m S 

ZS-08 683967 m E 7457122 m S 

ZS-09 684422 m E 7457073 m S 

ZS-10 682034 m E 7457700 m S 

ZS-11 682064 m E 7457485 m S 

 

For this work, ten radiocarbon ages of mollusk shells 
were obtained in Beta Analytic. Mollusk shells, for 
radiocarbon analysis, were collected between 4.0 m and 27 
m depth, in cores ZS-01, ZS-02, ZS-04, ZS-05, ZS-06 and 
ZS-09. Calibration was performed with the Calib software, 
version 7.1, using the delta R value proposed by Alves et al. 
(2015). 

The Holocene paleoenvironmental reconstruction of the 
Southern Zone of the Rio de Janeiro City was based on the 
interpretation of radiocarbon ages, geological data of the 
stratigraphic profiles and on altimetric data available on the 
IBGE website. The cartographic base used for the 
paleoenvironmental reconstruction was elaborated in the 
Quantum GIS software, version 7.2.2 (free). The altimetric 
data of the RSL curve proposed by Castro et al. (2014), for 
the coast of the Rio de Janeiro State, was considered. 

Models of Holocene evolution proposed for regions 
close to the study area were used as reference for the 
reconstruction of the study area evolution, such as those 
proposed by: (a) Maia et al. (1984) and Pereira et al. (2012), 
for the Jacarepaguá coastal plain and; (b) Lamego (1945), 
Roncarati and Carelli (2012) and Pereira et al. (2012), for 
Sepetiba Bay. 

 

4. Results 

The stratigraphic profiles of the analyzed cores are 
presented in Fig. 3. In all profiles, the presence of material 
constituted by landfill was identified in the upper interval 
until 2.0 to 6.0 meters depth, related to the urbanization of 
the Southern Zone of the Rio de Janeiro City. Quartz 

sediments with granulation ranging from very fine to coarse 
sand were identified in seven profiles: ZS-01, ZS-02, ZS-03, 
ZS-07, ZS-08, ZS-09 and ZS-11. They make part of intervals 
ranging from 3.0 to 26 m depth. 

In all the studied profiles, except the ZS-11 profile, layers 
of fragmented mollusk shells were identified in intervals 
between 14 m and 28 m depth. Pebbly sand intervals were 
also identified in the profiles ZS-01, ZS-02 and ZS-04, 
between 6.0 m and 14 m depth. Layers of muddy sand were 
recognized in the profiles ZS-03, ZS-07, ZS-08, ZS-10 and 
ZS-11, between 24 m and 30 m depth. 

In several profiles were also identified intervals of silt, silt 
with fragments of mollusk shells, clay, clay rich in organic 
matter and oxidized clay. Alteration layers of the basement 
rocks were notorious in two profiles, ZS-01 and ZS-10. The 
crystalline basement, characterized by phacoidal gneisses 
(Rio de Janeiro Suite), was found in the profiles ZS-04, ZS-
05 and ZS-10, from 10 m to 18 m depth. It is important to 
note that in the ZS-05 profile a rocky basement block was 
identified in the middle of the sedimentary package. 

Table 2 presents all information regarding radiocarbon 
dating and their respective corrections. Radiocarbon ages 
varied from 876 and 7,328 years cal BP (average probability) 
in the analyzed materials. 

 

5. Discussion 

Geological and geochronological data was synthesized on 
a 2D-paleoenvironmental reconstruction model. It proposes 
five Holocene sedimentation stages, which contributed to 
the development and evolution of the coastal plain of the 
Southern Zone of the Rio de Janeiro City, comprising the 
Rodrigo de Freitas Lagoon and Jardim Botânico, Humaitá, 
Gávea, Leblon and Ipanema regions. The five Holocene 
sedimentation stages are presented in Figure 4 and described 
below. 

Stage 1. The first evolutionary stage of the studied coastal 
plain, concerning the Pleistocene-Holocene transition, 
occurred at about 11,400 years ago. The RSL was 
approximately 5.0 m below the current level, thus 
corroborating the work developed by Castro et al. (2014). At 
this stage, the continental sedimentation predominated in a 
fluvial system, whose main channel should have been 
tributary of the paleochannel of Guanabara (Ruellan, 1944), 
along with the advance of colluvial and alluvial-colluvial 
slope fans (Fig. 4A). 

Stage 2. According to Suguio et al. (1985) and Castro et 
al. (2014) after the Pleistocene - Holocene transition, the 
RSL rose rapidly, reaching the present level at ≈7,500 years 
cal BP. The progressive sea level rise caused the retreat of 
the drainage system and a large area, previously covered by 
continental sediments became drowned, generating a paleo-
cove with sandy beaches in the inner zone (Fig. 4B). 

 



Journal of Sedimentary Environments 
Published by Universidade do Estado do Rio de Janeiro                                      

4 (2): 189-198. April-June, 2019 
doi: 10.12957/jse.2019.43766 

RESEARCH PAPER 

194 
 

 

Fig. 3. Stratigraphic profiles of the geological-geotechnical drilling cores, collected along the Ipanema-Leblon coastline and at 
the edge of the Rodrigo de Freitas Lagoon. Legend: C = Clay; S = Silt; VFS = Very Fine Sand; FS = Fine Sand; MS = Medium Sand; 

CS = Coarse Sand. 
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Fig. 4. Paleoenvironmental sketches for five Holocene stages proposed for the Southern Zone of the Rio de Janeiro City (A, B, C, D 
and E). In F is presented the Holocene RSL curve proposed by Castro et al. (2014), highlighting the identified stages in this work. 

- Stage 1 - Stage 1 - Stage 1 - Stage 1 - Stage 1

Calibrated Age BP

F
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Tab. 2. Radiocarbon ages obtained from the mollusk shell samples. The radiocarbon age with 1 and 2 sigma calibration are also presented 
in this table. 

Core Depth 
(m) 

Conventional 
Radiocarbon Age BP 

Radiocarbon Age 1 
Sigma Calibration 

Radiocarbon Age 2 
Sigma Calibration 

Mean 
Probability 

δ13C 
(‰) 

ZS-01 16.00-16.45 7,220±25 5,701 – 5,604 5,751 – 5,538 5,649 0.4 

ZS-01 17.00-17.45 7,200±25 5,688 – 5,584 5,728 – 5,523 5,632 0.1 

ZS-02 22.00-22.39 5,930±25 4,349 – 4,244 4,435 – 4,193 4,303 2.6 

ZS-04 8.00-8.45 3,150±25 923 - 802 1,007 - 773 876 1 

ZS-05 4.00-4.45 580±25 1,778 – 1,782 1,715 – 1,950 1,842 0.1 

ZS-05 13.00-13.45 810±25 1,538 – 1,648 1,488 – 1,682 1,589 0.8 

ZS-06 18.00-18.45 4,230±25 2,334 – 2,158 2,437 – 2,093 2,250 1.5 

ZS-06 26.00-26.45 8,290±25 6,831 – 6,635 6,969 – 6,591 6,750 0.2 

ZS-06 27.00-27.45 8,710±25 7,429 – 7,256 7,473 – 7,154 7,328 2.6 

ZS-09 10.28-10.51 6,270±25 4,729 – 4,586 4,794 – 4,517 4,461 3.2 

 
 
The age obtained for the ZS-06 profile was 7,429-7,154 

years cal BP, marking the moment when the RSL surpassed 
the current zero for the first time. Coastlines of previous 
beaches were recognized through the presence of 
beachrocks, whose shells that are part of the sedimentary 
framework had ages varying between 6,221 – 6,085 years cal 
BP and 4,729 – 4,586 years cal BP. The ages of these rocks 
indicate that the shells belonging to the rocks framework 
were deposited during the Holocene transgression, between 
the transition from open ocean to lagoonal environments. 
Castro et al. (2014) emphasizes that the beachrocks are 
excellent markers of past beaches. 

Stage 3. The sea level continued to rise until the Holocene 
Maximum Transgression (Suguio et al., 1985) that occurred, 
according to Castro et al. (2014), between 5,500- and 4,500-
years BP. In this phase, a large area of the coastal plain of the 
Rodrigo de Freitas Lagoon, Jardim Botânico, Humaitá, 
Gávea, Leblon and Ipanema regions was flooded (Fig. 4C). 
Sediments of marine environment were settled on 
continental sediments and parts of the crystalline basement. 
Cunha et al. (2017) characterized the sediments of this 
evolutionary stage as quartz sands of medium granulation, 
with fragmented shells, as sedimentary products of open 
marine environment. A similar observation was done by 
Castro et al. (2014), in Rio Grande do Sul region. 

Stage 4. After the mid-Holocene sea-level maximum, 
with the gradual lowering of the RSL, a barrier island was 
developed from the sediments provided from the east-west 
longshore drift (Fig. 4C). Yet, with the RSL slightly above 
the current one, longitudinal eolian deposits and the coastal 
strings of the Ipanema and Leblon sector were developed, in 

the Southern Zone of the Rio de Janeiro City, nowadays 
occupied by the urbanization. The sandy layers constituted 
by medium sand denote the sedimentation process that led 
to the formation of small longitudinal dunes.  

The gradual lowering of the RSL gave rise to: i) exposure 
to subaerial processes of marginal bottom sediments of the 
Rodrigo de Freitas Lagoon; ii) the coastline migration 
towards the sea; iii) a paleo-bay which was connected to the 
ocean through a paleo-channel formed by the breaking of 
the barrier island developed in the stage 3 (Fig. 4D). 

Stage 5. The regression ended about 3,000 years BP ago 
(Castro et al., 2014). With the gradual lowering of the RSL 
(Fig. 4E): i) a large area of the marginal bottom sediments of 
the paleo-bay outer sector were exposed to subaerial 
processes; ii) the alluvial- colluvial slopes advanced towards 
the Rodrigo de Freitas Lagoon in the north and northwest 
segments causing the narrowing of the Jardim de Alah 
channel with the open sea; iii) the designed lagoon was then 
silted in the central zone by mud enriched in organic matter 
and developed peat in the margins. 

 

5. Conclusion 

The combination of geological - geotechnical data 
complemented by calibrated geochronological data enabled 
the elaboration of a Holocene 2D-paleoenvironmental 
reconstruction model for the Southern Zone of the Rio de 
Janeiro City. This model is composed by five distinct stages 
of Holocene geological evolution, identified in the study 
area. The first stage is marked by continental sedimentation 
evidenced by sediments deposited in paleo alluvial plains in 
the Pleistocene - Holocene Transition.  
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The second stage marks the beginning of the relative sea 
level rise. The main evidence of this stage is the formation 
of a paleo-bay. The third phase corresponds to the maximum 
peak of the RSL, flooding the entire region, thus marking the 
mid-Holocene maximum transgression. The fourth stage is 
defined by the gradual sea level lowering, identified in the 
2D-model by the formation of a paleo-bay. The fifth and last 
stage corresponds to the current configuration of the 
coastline. 

The generated 2D-model is of extreme importance for 
the understanding of the variations of the RSL and future 
prognoses, mainly in densely occupied areas such as the 
Southern Zone of the City of Rio de Janeiro. 
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