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Abstract 

Core T4 (with 286 cm long) collected in the inner part of 
Sepetiba Bay is a record of late Holocene evolution of this 
ecosystem. This core was described and sampled every 2 cm. 
Samples were submitted to textural, geochemical and 
foraminifera analyses. Two radiocarbon dates were obtained. 
Estimated ages indicate that core T4 represents the last 
≈4,000 years calibrated before present (yrs cal BP).  

Results of this core suggest that coarse sediments, recorded 
in the period between ≈4,000-3,400 yrs cal BP, were 
probably associated with high hydrodynamic conditions in 
the study area. These sediments should be deposited at an 
incipient phase of the Marambaia Beach Barrier evolution. 
The development of this sand barrier protected the inner 
region of Sepetiba Bay from the action of strong waves and 
active coastal currents and favored its confinement. This area 
of Sepetiba Bay became a low energy system, which favored 
the deposition of fine-grained sediments rich in organic 

matter content. Organic matter enrichment increased 
especially in the upper core section. Foraminifera 
assemblages and carbonates content indicate that the studied 
region also should have been affected in the last ≈3,400 yrs 
cal BP by changes in the water depth column.  

The results obtained in the core T4 show that the 
confinement and eutrophication process of the internal zone 
of Sepetiba Bay has been occurring since ≈3,400 yrs cal BP 
and should have been caused by factors such as 
geomorphological, climatic changes and human activities, 
which influenced the its hydrodynamics and sedimentary 
dynamics. 
 

 

Keywords: Foraminifera. Total organic matter enrichment. 
Paleoenvironmental Evolution. Coastal area. Tropical 
Climate. 
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1. Introduction 
 

 

The use of fossils, mainly foraminifera, has been greatly 
applied in studies of paleoenvironmental evolution through 
the Quaternary, in Brazil (e.g. Costa et al., 2006; Petró et al., 
2016). Those works were based on the paleoecology of 
benthic and/or planktonic species and/or isotopic data in 
the tests of these microorganisms. Foraminifera represent a 
group of interest in paleoenvironmental research due to 
their: sensitivity to environmental variations, reflecting 
ecological conditions of the region where they live or lived; 
small size, high abundance and diversity in most of marine 
and transitional systems and easy processing and storage 
(Schönfeld et al., 2012). 

Several studies on sea level oscillation were performed in 
Sepetiba Bay (Brazil) mainly in the Holocene, such as those 
of Figueiredo-Jr. et al. (1989), Laut et al. (2006), Roncarati 
and Carelli (2012), Friederichs et al. (2013) and Borges and 
Nittrouer (2016 a, b). 

Among the studies that used foraminifera assemblages 
aiming to investigate the paleoenvironments related to sea 
level changes in Sepetiba Bay (Brazil), there are, for instance, 
the works of Laut et al. (2006), Laut and Rodrigues (2011) 
and Pinto et al. (2016). The studies of Fonseca et al. (2007) 
and Bruno (2013), for example, based on foraminifera and 
performed on coastal systems of Rio de Janeiro State, in 
Guanabara Bay and Saquarema Lagoon, respectively, 
suggested the occurrence of a Holocene sea level maximum 
at about 5,000 BP. 
 

1.1 The main goals 

This work intends to be a contribution to the study of the 
late Holocene evolution of Sepetiba Bay, Rio de Janeiro State 
(Brazil), using sedimentary and foraminifera data obtained 
along the core T4, collected in the inner zone of this coastal 
system. The age model of this core was based on two 
radiocarbon data and the results were compared with that 
obtained by Pinto et al. (2016) in core T1 collected in the 
nearby Guaratiba Coastal Plain (mangrove). 
 

2 Study area 

Sepetiba Bay is located in the southwest region of Rio de 
Janeiro State (Brazil). With an area of 305 km², it has an 
ellipsoidal contour and is a semi-confined transitional 
system, protected from the energy of the open ocean by a 
long barriers beach known as Marambaia Barrier (Fig. 1). 
The region is under a hot-humid tropical climate, with mean 
annual precipitation reaching 2,500 mm (Lacerda et al., 

2001). The northeastern sector of the bay receives freshwater 
from several rivers, mainly the Guandú River, with a 
drainage area of 1,385 km2 and a discharge of 19.1 m3/s 
(Tubbs Filho et al., 2012). The Guandú River, with 48 km 
long, receives the contribution of Santana and Ribeirão das 
Lages rivers (Oliveira et al., 2011). Much of its water comes 
from the Paraíba do Sul River, through a transposition that 
occurs in the municipality of Barra do Piraí.  

In the past, the region was subject to constant floods due 
to its flat topography, then the rivers that flow into Sepetiba 
Bay have been rectified, dredged, channeled, and joined by 
dikes, since the 17th century (Tubbs Filho et al., 2012). 
Therefore, nowadays most of the rivers present their low 
courses much modified in relation to what they were 
originally (Tubbs Filho et al., 2012). 

Sepetiba Bay presents predominantly marine 
characteristics, at least in the outermost sector, but its inner 
zone behaves like a multi-estuary with depths of about 10 m 
on its most part and more than 20 meters in the main 
channel. Thus, the bay is a water body of saline and brackish 
water that communicates with the Atlantic Ocean through 
two passages: in the west part, between a group of islands 
and the tip of the Marambaia Barrier Island; and in the 
eastern portion, by a channel that flows into the Barra de 
Guaratiba inlet. In general, the salinity varies between 22 and 
32 and it decreases from the outer sector to the inner region 
which has salinities of less than 30 (Araújo and Santos, 1999). 

Water circulation on Sepetiba Bay is clockwise, mainly 
ruled by tidal forces (DHN, 1986). Tides have amplitudes 
less than 2.0 m (Villena et al., 2012). The pattern of surface 
currents follows the bottom topography, creating a 
preferential accumulation area of sediments along the 
northern coast f this bay (Suguio et al., 1979).  

Sepetiba Bay sediments include sand, silt and clay. In 
some stretches the sediments are sandy, mainly in areas near 
the connection to sea and along the Marambaia Barrier 
Island; close to the mouth of the São Francisco Channel 
where exists a small delta related to river processes 
(Roncarati and Barrocas, 2012; Villena et al., 2012; Borges 
and Nittrouer, 2016 a, b). However, mud occupies 70 % of 
the bay and is the dominant sediments granulometry. 

The inner northern region of Sepetiba Bay is bordered by 
mangrove forests and receives polluted waters from rivers 
and channels that drain several towns and industries. The 
rivers are polluted with domestic and industrial untreated 
effluents as well as agricultural waste (Oliveira et al., 2011). 
The industrial activity of this region accounts for the release 
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of several potentially toxic substances in the tributaries that 
flow into Sepetiba Bay, especially trace elements, which, due 
to the chemical reactions with the organic matter and the 
movement of tides, are accumulated mainly in the inner zone 
of the bay (Lacerda et al., 1987, 2001; Rezende et al., 1991; 
Dornelles, 1998; Calil et al., 2006). 

The water quality in Sepetiba Bay is affected by effluents 
from several small towns and villages that do not have 
sewage treatment plants (Copeland et al., 2003). The 
incrising input of nutrients in the bay resulted in the 
eutrophication of its coastal waters (Tenenbaum et al., 2004). 
Due to its natural characteristics, the region has been 
traditionally used for fishing and tourism, but the pollution 
generated by industrial and urban activities is causing 

alarming rates of contamination (Ferreira and Moreira, 
2015). In order to allow the expansion of the Sepetiba Port 
and suitability for receiving larger and faster vessels, the 
access channel and the basin require dredging to deepen the 
navigable area. These activities remobilize polluted bottom 
sediments and cause problems to the biota (Calil et al., 2004).  

The introduction of exotic species into different 
ecosystems, by means of the ballast water of ships and the 
hull and moorings inlay, is now considered one of the four 
greatest pressures to the world's oceans (International Joint 
Commission, 2001). In contrast to other forms of pollution, 
which are reversed by mitigating measures, the import and 
export of invasive species through ballast water are 
considered drastically irreversible (Kolar and Lodge, 2001). 

 
 
Fig. 1. Location of the core T4 analyzed in this work, as well core T1 studied by Pinto et al. (2016). Modified from Google Earth 

(datum WGS84). Legend: RJ – Rio de Janeiro, Brazil. 

 

3. Material and methods 
 

3.1 Core sampling 
 

Core T4 (286 cm of core length) was collected in the 
inner part of Sepetiba Bay (latitude 22° 57'S, longitude 43° 
47'W and 3.0 m of water depth; Fig. 1). This core was 
collected in July 2015, by a team of divers from Husky Duck 

Enterprise of Rio de Janeiro (Brazil). Core T4 was collected 
in PVC liners by means of percussion. It was kept 
refrigerated until the beginning of the laboratory work. The 
lithology of core T4 was described. It was sampled at each 2 
cm. Samples collected at each 2 cm were weighed and dried 
in an oven at 50 °C. After drying, the samples were split for 
sediment grain size, benthic foraminifera and geochemical 
analyses. 
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3.2 Textural and geochemical analyzes 
 

A portion of each dry sample was weighed (initial weight). 
The samples were then washed with distilled water in a 63 
μm sieve to separate the coarse-grained sediments (> 63 μm) 
from the fine fractions (<63 μm). Both sedimentary fractions 
were collected in beakers and dried in an oven at 50 °C. 

After drying, the sand plus gravel fractions and the fine 
fractions were weighed and stored in plastic bags. The 
sedimentary fraction >63 μm of each sample was dry sieved 
(125 μm, 250 μm, 500 μm, 1000 μm and 2000 μm). The 
weight and percentage of each granulometric fraction were 
determined. The textural classification of sediments was 
based on Folk and Ward (1957). 

A portion of about 250 mg of sediment of each sample 
was submitted to total organic carbon (TOC) and total sulfur 
(S) analysis in the Laboratory of Chemostratigrahy and 
Organic Geochemistry (LGQM-UERJ), with the LECO SC- 
632 analyzer. The percentages of TOC, S and carbonates 
contents and insoluble residue were determined. 

 

3.3 Radiocarbon dating  

Two results of radiocarbon dating were obtained on 
organic matter and mollusk shells recovered from 112 cm 
and 212 cm layers, respectively. The radiocarbon analyses 
were performed in the Beta Analytic Laboratory (Miami, 
Florida). For the level 112 cm, only the "Conventional 
Radiocarbon Age" is reported. The age obtained for the level 
212 cm was calibrated using Marine 13 database (Reimer et 
al., 2013) and the delta R 32 ± 44 (Alves et al., 2015). For 
this level, a 2-sigma calibrated age before present (BP) was 
used. The core age model was estimated by linear 
interpolation of radiocarbon data. 

 

3.4 Foraminifera 

Sediment samples were spit in aliquots of 10 ml of 
sediment. The sediment fraction 63-500 μm was separated 
by wet sieving. After washing, the samples were dried in an 
oven at 50 °C. Foraminiferal tests were separated from the 
sediment, identified and counted under a binocular 
microscope (maximum magnification 480X) and fixed in 
microslides (Uehara et al., 2007). All the specimens found 
were identified and counted in each sample. Foraminifera 
density (the number of specimens per each species per 10 ml 
of sediment) and the species richness the number of species 
in the same volume of sediment were determined. 

The species identification was based on several 
references, such as Loeblich and Tappan (1988), Debenay et 
al. (1998), Semensatto-Jr. and Dias-Brito (2004), Raposo et 

al. (2016) and Belart et al. (2017). The species nomenclature 
was updated following the World Foraminifera Database 
(Hayward et al., 2017). 

 

3.5 Statistical analysis 

Abiotic and biotic data, including foraminifera density, 
species richness and the main species (the most abundant 
and with occurrences in more than 5 layers along the core 
T4) were statistically analyzed after to be transformed by log 
(x+1) and submitted to Principal Component Analysis. 
Pearson correlations between the variables were also 
determined. Correlations are significant at p< 0.05. Statistical 
analysis was carried out with the Statistica® 12 software.  

 

4. Results 

4.1 Radiocarbon results 
 

Radiocarbon results provided the age of 60 yrs cal BP 

(1955 AD) for the layer of 112 cm. Radiocarbon dating for 

the layer of 212 cm resulted in: measured radiocarbon age of 

2310 ± 30 BP; conventional radiocarbon age of 2350 ± 30 

BP and; a calibrated age (2-sigma) of 2,365 to 2,335 years 

calibrated before present (yrs cal BP). The estimated age for 

the basis of the core T4, based on this radiocarbon result, is 

≈4,000 yrs cal BP. These radiocarbon data indicate that the 

mean accumulation rate of sediment in the last ≈3,400 yrs 

cal BP should have been ≈0.09 cm/year and in the last ≈100 

years, ≈1 cm/year. 
 

4.2 Core lithology and textural data  

Figure 2 displays a schematic representation of the core 
T4 stratigraphic column (286 cm long), showing that it is 
composed essentially by mud (<63 μm) with intercalations 
of sandy sediments. Fine fraction (<63 μm) is predominant 
(mean = 96.92%) along the core T4. Between the core base 
(286 cm) and the level of 130 cm, the increase of the sand 
fraction is observed such as at the layers: 286-279 cm, 243 
cm, 170-160 cm and 142-128 cm (Fig. 3). The section 
between 286-279 cm contains relatively high sand fraction 
content, which reaches 50%. 

The observation at the binocular microscope reveals that 
the sand fraction (<63 μm) is basically composed of quartz 
and mica. Bioclasts, represented by complete and 
fragmented mollusk shells, were identified mainly in the 
lower half of the core. The most common species of 
mollusks was the gastropod Bulla striata. Rusted vegetable 
fragments were also recorded at the base of the core up to 
263 cm.
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4.3 Geochemical results  
 

The results of total organic carbon (TOC; %), total sulfur 
(S; %), C/S ratio and calcium carbonate (CaCO3; %) are 
shown in Appendix 1 and Fig. 3. TOC values were generally 
high (mean = 1.85%), ranging from 0.97% (in 283 cm) to 
2.90% (in 114 cm). A tendency of increasing of TOC values 
from the base to the core top (R2 = 0.58) was observed. The 
lowest TOC values were recorded at the core base between 
286-168 cm (0.97-1.49%). The highest TOC contents 
occurred in the section 126-72 cm (2.04-2.90%) (Fig. 3). 

The mean value of sulfur content was 0.83%. The lowest 
values of this variable were recorded in the sections between 
285-237 cm and 70-47 cm, and the highest values were 
observed between 164-138 cm.  

The lowest values of both S and TOC contents occur in 
core layers with relatively coarse sediments. The mean value 
of the C/S ratio in core T4 was 2.35.  

Relatively high C/S values were recorded in the sections 
286-241 cm and between 124 cm and the core top. The C/S 
ratio values were lowest in the sediments of the core mid-
section (240-130 cm).  

Concentrations of CaCO3 (mean = 16.11%) ranged from 
5.56% (193 cm) to 23.81% (9 cm). The lowest CaCO3 values 
occurred between 237-180 cm and 106-75 cm, whereas the 
highest values were observed in the upper 15 cm of the core. 

 

4.4 Benthic foraminifera 
 

Foraminifera density values (number of specimens/10 
ml) ranged from 0 to 408 specimens/10 ml. Foraminifera 
density in most part of core T4 is quite low. In the base (286-
250 cm) and top (130-0 cm) sections of this core, 
foraminifera are rare or absent.  

The largest abundance of foraminifera tests was observed 
between 239-130 cm, along with mollusk shells and valves 
of ostracods. The highest foraminifera densities were 
recorded in 229 cm (408 specimens/10 ml), 223 cm (396 
specimens/10 ml) and 130 cm (266 specimens/10 ml). 

Only species with carbonated tests were found in core T4 
(Appendix 2 and Fig. 4). Thirty-eight species of benthic 
foraminifera were identified (Table 1). The species richness 
(SR) ranged from 0 to 16 species/10 ml per sample. The 
section between 237-221 cm presented the highest values of 
SR, coinciding with the highest densities of the sample. 
However, in the upper 45 cm of the core T4, high values of 
SR were registered along with reduced densities. 

The most abundant species were Cribroelphidium 
excavatum, Elphidium gunteri, Ammonia tepida, Ammonia 
parkinsoniana and Buliminella elegantissima (Fig. 4; Appendix 2). 
Among these species, C. excavatum and A. tepida occurred in 

all the intervals in which foraminifera were found. 
Cribroelphidium excavatum was the most abundant species and 
reached slightly higher densities than A. tepida, near the core 
base.  

In the core top, A. tepida was the most abundant species. 
In this section, discrete increases of B. elegantissima 
abundance were also recorded. The highest density of this 
species occurred between 241-200 cm. Quinqueloculina 
seminula was found between 231-219 cm, in a section with 
higher foraminiferal density and species richness. Between 
155-130 cm, peaks of abundance of A. parkinsoniana, A. 
tepida and E. gunteri were recorded. 

 
4.5 Statistical results 
 

Figure 5 shows the results of the two first factors of the 
PCA, which explain most part of data variability. The 
explained variability of factor 1 and factor 2 are 0.55 % and 
0.33 %, respectively. Four groups of variables can be 
considered in this PCA: Group 1, composed of CaCO3; 
Group 2, including all the main species/taxa, as well as FD 
and SR; Group 3, containing sand fractions and the C/S 
values; and Group 4, encompassing fine fraction, TOC and 
S content.  

Pearson correlations among the analyzed variables 
(Appendix 3) evidence that there are significant positive 
correlations among: i) sand fractions and total sand fraction 
content; ii) fine fraction, TOC and S contents; iii) S, FD and 
SR; and iv) most of the species of foraminifera with each 
other.  

The following variables have negative significant 
correlations: i) fine fraction, sand fractions and total sand 
fraction content; ii) TOC and FD; and iii) CaCO3, FD, SR 
and most of foraminifera species. Some species have 
significant negative correlation with TOC such as A. 
parkinsoniana, A. rolshauseni, C. excavatum, C. selseyense, E. 
gunteri and E. williamsoni.  

 
5. Discussion 

5.1 Sedimentological data 
 

Most part of core T4 is composed mainly of muddy 
sediments, in which fragmented mollusk shells and ostracod 
valves occur, in addition to layers with great abundance of 
foraminifera and sand fraction. Increases in percentage of 
sand fraction were observed in several sections (286-279 cm, 
170-160 cm and 145-128 cm). 

Sedimentary TOC and S contents are relatively high 
throughout the core T4, which indicates that the supply, 
accumulation and preservation of organic matter were high 
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in the study area, in the last ≈4,000 yrs BP. The percentage 
of TOC decreased in the sections with relatively high sand 
fraction content but increased in fine-grained sediments. 
This relationship between TOC contents and sediment 
granulometry (evidenced by both the PCA and Pearson 
correlations; Fig. 5 and Appendix 3) is probably related to 

changes of the hydrodynamism in the study area. The 
deposition of coarse-grained sediments with relatively low 
TOC content should be related to strong hydrodynamical 
conditions. On the contrary, the weak hydrodynamism may 
have favored the deposition of fine-grained sediments and 
organic matter.  

 

Fig. 2. Macroscopic description of core T4. Radiocarbon results are presented. Photographs of some sections of core T4 are shown on 

the right side, evidencing its predominantly muddy composition. Below a particle size scale is presented. 
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Fig. 3. Depth plot of the percentage of sand fraction (%), TOC (%), S (sulfur; %), C/S ratio and CaCO3 (carbonate; %) along the core T4. For the percentages of sand, density and specific 

richness, the data are represented by solid black lines; for TOC, S, C/S ratio and CaCO3, values are represented by dots, mean values by dotted black lines, and moving average by solid 

black lines. The blue bands indicate sections with higher foraminifera densities and species richness and the most significant variations of the sedimentological parameters. The obtained 

radiocarbon ages are also indicated. The trend line and respective R2 value was presented for TOC depth plot. 
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Sulfur also has significant positive correlation with fine 
fraction and negative one with sandy fractions (namely 
coarse sand, medium sand, fine sand, and very fine sand; Fig. 
5; Appendix 3). The highest S contents were recorded in the 
section 240-135 cm, where C/S ratio displays the lowest 
values (<3), indicative of low oxic conditions in the sediment 
(Stein, 1991; Borrego et al., 1998). C/S ratio reached highest 
values at the core base (280-240 cm) and in the core top 
(upper 120 cm), indicating the presence of more oxic 
sediments in these sections (Morse and Berner, 2000). The 
highest values of C/S ratio at the core base (280-240 cm) are 
associated with sandy sediments, deposited probably under 
stronger hydrodynamic conditions than at the core top. In 
the upper 100 cm, the sediments were quite fluidized, with 
relatively high-water content. Therefore, in spite of the high 
TOC contents recorded in this section, the poor compaction 
of the sediments should have facilitated the oxygenation.  

Relatively high carbonate contents were found between 
286-279 cm (≈4,000-3,200 yrs cal BP) and in the upper 130 
cm, in sections where foraminifera tests are rare or absent. 
This relationship is also evidenced by the PCA (Fig. 5) and 
by Pearson correlations (Appendix 3), which evidence that 
CaCO3 content is negatively correlated with foraminifera 
density, species richness and most part of the main species 
abundance. The rise of CaCO3 contents is not coincident 
with the increase of mollusk shells and ostracod valves. 
These features suggest that, in the mentioned sections (286-
279 cm and in the upper 130 cm), CaCO3 contents should be 
linked mostly with chemical precipitation favored by 
evaporitic processes in a shallow water column.  

Therefore, the lower and upper core sections (286-279 
cm and 130-0 cm) characterized by low abundance of 
foraminifera and relatively high CaCO3 contents should have 
corresponded to phases of depth reduction, in the area 
where core T4 was collected. The shallow water column 
should have been disadvantageous for the benthic faunas 
and, in counterpart, gave rise to chemical precipitation 
(Rouchy et al., 2001). High CaCO3 contents were also found 
in core T1 at Magaratiba coastal plain in the last ≈300 yrs cal 
BP (upper 150 cm of that core). These values were associated 
by Pinto et al. (2016) with evaporitic series in the salt flats in 
the site of core T1 (the current apicum and mangrove 
environment). 

 

5.2 Composition of benthic foraminifera assemblages 
 

Foraminifera are rare or absent in basal (286-250 cm) and 
top (130-0 cm) sections of core T4, which may indicate the 
occurrence of unfavorable conditions for the development 
of large populations of these organisms, as refereed.  

However, episodes with relatively high densities of 
benthic foraminifera were identified, notably between 
≈3,000-2,000 yrs cal BP (241-200 cm and 196-130 cm) in 
core T4. The assemblages of benthic foraminifera of these 
intervals are mainly constituted by species of the genus 
Ammonia (A. parkinsoniana, A. rolshaulseni and A. tepida), in 
addition to B. elegantissima, C. excavatum and E. gunteri.  

According to Brönnimann et al. (1981), the species of the 
genus Ammonia, Cribroelphidium and Elphidium are dominant 
in the areas of greater instability of Sepetiba Bay. Several 
authors such as Zaninetti (1982, 1984), Moodley and Hess 
(1992), Murray (1991, 2006), Alve and Murray (1999), 
Frontalini et al. (2009, 2013) also observed that Ammonia spp. 
and C. excavatum endure high concentrations of TOC and 
low oxygen levels. In addition, these species tolerate large 
salinity variations, conditions that prevail in the inner area of 
Sepetiba Bay. The highest densities of B. elegantissima between 
≈3,000-2,000 yrs cal BP may indicate greater oceanic 
influence in the area.  

According to Murray (1991; 2006), B. elegantissima is a 
species that presents opportunistic behavior when the supply 
of organic matter increases and the oxygen concentrations 
drop, as observed by Vilela et al. (2014), Clemente et al. 
(2015) and Baptista-Neto et al. (2017), in Guanabara Bay 
(Brazil). According to Martins et al. (2016), B. elegantissima 
seems to prefer marine environments; it can live in 
transitional ecosystems in regions with good connection with 
marine waters. This trend was also observed by Eichler et al. 
(2003), in Guanabara Bay (Brazil), and Paquette et al. (2016) 
at Santa Catarina State coast (Brazil). In transitional settings, 
when the oceanic influence reduces, the abundance of this 
species declines and gives rise to other opportunistic species, 
such as Ammonia spp. and/or Cribroelphium/Elphidium spp. 
(Martins et al., 2016). 

In the middle section of the core (240-130 cm), events of 
more or less marked increase of foraminifera abundance 
were recorded. They occurred in coincidence with lower 
TOC content than in the upper core section (the first 130 
cm) but associated with low C/S ratio values. The low C/S 
values are indicative of low oxic conditions in sediments. 
The species present in this middle section are in general 
tolerant to oxygen scarcity. These results suggest that the 
oxygen depletion did not avoid the development of 
foraminifera communities. It can therefore be hypothesized 
that: the greatest oxygen scarcity in sediment pore-water 
should have happened in a post-depositional phase; or the 
organisms have benefited from the abundance of food, 
adopting an opportunistic behavior and living in oxic layers 
at the sediment-water interface. 
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Fig. 4. Depth plot of foraminifera density (n ° of specimens/10 ml), species richness (number of species/10 ml) and the density of the most abundant species of foraminifera along the 

core T4. The blue bands indicate the sections with the highest densities and species richness, as well as the highest abundances (n.º of specimens/10 ml) of the represented species. The 

obtained radiocarbon ages are also indicated. 
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Tides are the main factor of renovation of the Sepetiba 
Bay waters (Cunha et al., 2006). According to Rodrigues 
(1990), the freshwater contributions correspond to 1.54% or 
4.61% of the exchanges with the ocean if in syzygy or 
quadrature tide, respectively. The volumes exchanged 
predominantly by the tidal movements (since the fresh water 
contributions are not significant) allowed to estimate water 
renewal time of 3.28 days on average with 1.17 days in syzygy 
and 5.40 days in quadrature (Alves and Wasserman, 2002). 
Thus, at present, the water renovation in Sepetiba Bay is 
relatively rapid and the same is expected to have occurred in 
the Late Holocene. 

Relatively high species richness in benthic foraminifera 

assemblages were recorded in the upper core section 

concomitant with a very low abundance of foraminifera. 

This issue may be related to the discharge of ballast water 

from ships (delivery of allochthonous material transported 

from other areas), a practice that has become quite common 

since the 1880s in coastal areas with maritime traffic 

(Carlton, 1985, 2001; Széchy et al., 2005). The release of 

ballast water and sediments in coastal areas is currently 

forbidden in Brazil, but it happened until recently, creating 

many types of problems (Zanella, 2010). This should explain 

the presence of species, of the genus Cibicides, for instance, 

common in in areas with active currents and shelf 

environments but is not in confined coastal environments 

(Murray, 2006; Martins et al., 2015; Yamashita et al., 2016). 

 

5.3 Changes in the last ≈4,000 yrs BP 

Textural and microfaunal characteristics of core T4 
collected in the inner region of Sepetiba Bay indicate that, in 
the last ≈4,000 yrs cal BP, the study area was under the 
influence of periods of greater or lesser coastal 
hydrodynamics with oscillations in the water column depth. 
The exclusively calcareous fauna, with species adapted to 
variations of salinity and related to high nutrient and organic 
matter supply (also indicated by relatively high TOC 
contents; Fig. 6), similar to that found nowadays in Sepetiba 
Bay, shows that the study area has been a coastal 
environment similar to the current.  

In the lower core section (Fig. 2), the occurrence of 
relatively coarse-grained sediments and the absence of 
foraminifera and high CaCO3 contents (Fig. 6) indicate that 
the study area should have been under dryness conditions, 
unfavorable to the development of foraminifera but 
propitious to the deposition of carbonates. Coarse sediments 
deposited in this period should be related to the incipient 

forced regression since 5,500-4,500 yrs BP, observed by 
Angulo et al. (2006), which caused a fast shoreline 
progradation (Abuchacra et al., 2017) or should be a late 
record of the Holocene transgression on the Pleistocene 
substrate evidenced by Friederichs et al. (2013) and Borges 
and Nittrouer (2015). 

According to Pereira and Santos (2012) and Roncarati 
and Carelli (2012), Marambaia Barrier Island would have 
been largely developed at about ≈3,400 yrs BP. The 
formation and evolution of the Marambaia Barrier are still a 
matter of debate (see, for instance, the work of Borges and 
Nittrouer, 2015). However, the results of our work also 
suggest that, since ≈3,400 yrs BP, the inner area of Sepetiba 
Bay has become a protected system from the action of strong 
waves and active coastal currents. This area of Sepetiba Bay 
became a low energy system, which favored the deposition 
of fine-grained sediments.  

Core T4 shows that the deposition of essentially fine 
sediments in this zone of the bay has occurred from ≈3,400 
yrs cal BP (Fig. 6). Since then, muddy sediments have been 
deposited in the study area, which suggests that the 
confinement originated by the development and evolution 
of the barrier beach was a determining factor for the 
accumulation of fine sediments in the inner zone of Sepetiba 
Bay.  

The rainfall regime was another factor that may have 
contributed to this feature. According to Kirchner et al. 
(2015), the southeastern Brazilian region became 
increasingly humid between 4700-0.29 yrs cal BP. The 
rainfall increase caused river floods and probably increased 
the supply of fine-grained sediments to Sepetiba Bay. 
Sediments should have been accumulated in areas under low 
hydrodynamic conditions. Calm hydrodynamism and the 
abundant supply of sediments should have contributed to 
the accumulation of mud in the study area in the last ≈3,400 
yrs cal BP. Sediment accumulation rate should have been 
higher in the last ≈100 years probably induced by anthropic 
interventions in the river basins (Kirchner et al., 2015).  

In core T1, collected in the nearby Guaratiba Coastal 
Plain (mangrove), and analyzed by Pinto et al. (2016; Fig. 6) 
the period between ≈2,400-1,400 yrs cal BP was signed by 
generic low abundance of foraminifera and carbonates 
content and slight increase of sand fraction. These authors 
suggested that, during this period, the area where the core 
T1 was collected, in Guaratiba Coastal Plain, should have 
been under the influence of the wavy action and shoreface 
sub-aerial processes. This period seems to be also recorded 
at least for the most part in core T4 and is marked by large 
variations of foraminifera abundance. Variations in the 
depth of the water column and hydrodynamic conditions in 
the region where core T4 was collected may have hindered 
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the continued establishment of foraminifera associations. 
These observations allowed to deduce that between ≈2,400-
1,400 yrs cal BP, the study area should have been under a 
shallow water column without favorable conditions for the 
chemical precipitation of carbonates probably due to a larger 
contribution of freshwater provided by the rivers to the inner 
region of Sepetiba Bay, which agrees with the observations 
of Kirchner et al. (2015).  

During ≈1,400-300 yrs cal BP, the area where the core 
T1 was collected, in Guaratiba Coastal Plain, undergone 
submergence (Pinto et al., 2016). In this period, the core T1 
exhibited a fauna composed essentially of calcareous species, 
similar to that found in the core T4 (Fig. 6).  

This kind of assemblage was found in core T4 in the 
section (240-130 cm) and is marked by events of significant 
increase of benthic foraminifera density (Fig. 6), which may 
also be associated with more favorable environmental 
conditions than that prevailed previously probably resultant 
of the deepening of the water column in this local.  

In Guaratiba Coastal Plain the phase of greatest 

immersion may have occurred between ≈850-380 yrs cal BP. 

This period, recorded in core T1, is marked by the increase 

of benthic foraminifera density and species richness (Fig. 6). 

Ammonia tepida isotopic results obtained in core T1 suggest 

the occurrence of phases of increase or decrease of intake of 

cold and nutrient-rich marine waters in Guaratiba Coastal 

Plain (Pinto et al., 2016). Since the last ≈350 yrs cal BP, the 

area where the core T1 was collected in Guaratiba Coastal 

Plain evolved to the current salt flat environment. On the 

other hand, the inner zone of Sepetibe Bay, where the core 

T4 was recovered, evolved for a each more confined and 

eutrophic environment.  

The results obtained in the core T4 show that the 
eutrophication process of the internal zone of Sepetiba Bay 
began in the last ≈3,400 yrs cal BP. The large increase of 
TOC occurred before the colonization of the region by the 
Portuguese colonizers (Vilela et al., 2014). So, the 
eutrophication process of the inner zone of Sepetiba Bay is 
being caused by other factors than human occupation such 
as geomorphological and climatic condition.  

 

 

Fig. 5. Results of PCA based on the most significant variables (abundance of species and abiotic parameters). Legend: VCS - Very Coarse 
Sand (%); CS - Coarse Sand (%); MS - Medium Sand (%); FS - Fine Sand (%);VFS - Very Fine Sand (%); Sand - Total Sand > 63µm (%); 
Fines - Total Fines <63 µm (%); TOC - Total organic carbon (%); S - Total sulfur (%);CaCO3  - CaCO3 (%); C/S - C/S ratio; FD - 
Foraminifera Density (n° specimens/10 ml); SR - Species Richness (n° species/10 ml); and abundance of species (n° specimens/10 ml) 
of: A.park - Ammonia parkinsoniana; A.rolsh - Ammonia rolshauseni; A.tep - Ammonia tepida; B.low.dens - Bolivina lowmani densipunctata; B.str 
- Bolivina striatula; B.eleg - Buliminella elegantissima; C.exc - Cribroelphidium excavatum; C.sels - Cribroelphidium selseyense; E.gunt - Elphidium 
gunteri; E.ocean - Elphidium oceanense; E.will - Elphidium williamsoni; Milli.- Milliolids; P.canan - Pararotalia cananeiaensis; Q.sem - Quinqueloculina 
seminula. 
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Fig. 6. Depth plot of the percentage of sand fraction (%), TOC (%), CaCO3 (%), foraminifera density (n ° specimens/10 ml) and species richness (number of species/10 ml) along the 

cores T1 (analyzed by Pinto et al., 2016) and T4 (from this study). The abundance of the agglutinated species (n° specimens/10 ml) in the core T1 is also represented. The bands in blue 

color indicate sections with the highest foraminifera densities and species richness (in core T1, these bands point the presence of calcareous species); the bands in green color indicate the 

highest TOC and/or CaCO3 contents in both cores and the presence of agglutinated foraminifera in core T1. A scale of estimated ages (Ka - 1,000 years) for core T1 and the obtained 

radiocarbon ages are presented. The trend line and respective R2 value are displayed for the TOC depth plots in both cores, as well as for CaCO3 depth plot in core T1.  
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6. Conclusion 

The grain size and chemical composition of sediment 
core T4 indicate that the coarser layers should be related to 
periods of greater hydrodynamic conditions, less favorable 
to organic matter deposition and related to oxic sediments. 
The assemblages of benthic foraminifera composition found 
along this core are in accordance with a coastal environment 
that may have been under the influence of repeated events 
of increase and reduction of water column, in the last ≈4,000 
yrs BP. 

During the last ≈3,400 yrs cal BP, a relatively calm 
scenario occurred in the inner zone of Sepetiba Bay. The 
evolution process of Marambaia Barrier Island probably 
contributed to the prevalence of low-energetic conditions in 
the internal region of Sepetiba Bay since ≈3,400 yrs BP.  

The filling of the inner zone of Sepetiba Bay with fine 
sediments enriched in organic matter began at about ≈3,400 
yrs cal BP. The greatest enrichment in organic matter was 
observed in the upper core section. Anthropogenic and 
natural factors should have contributed to the confinement 
and eutrophication of Sepetiba Bay since ≈3,400 yrs cal BP. 
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