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Abstract

The nature of sedimentation and sediment accumulation rates in Sepetiba Bay, Brazil were interpreted from grain-
size patterns, natural radiochemical distributions and seismic stratigraphy. The grain-size analyses showed progressive 
upward fining of sediment in cores, and a higher percentage of clay in surficial deposits in 1996 than observed during a 
previous spatial survey in the 1970s. Based on 210Pb geochronology, accumulation rates range from 0.37 cm yr-1 to 2.0 cm 
yr-1 for the last hundred years. In contrast, seismic stratigraphy indicates a range from 0.01 to 0.17 cm yr-1 over the last 
7000 years. Particularly high accumulation rates are found in the northeast part of the bay, and, as a consequence of these 
high rates, the shoreline in the northern part of the bay prograded approximately 400 m in the last 100 years. An apparent 
increase in accumulation rates and a tendency for deposits to fine upward over the last ~ 100 years are attributed to 
human disturbance and soil erosion inland, which have been accelerated with economic development since the late 1970s. 
Keywords: 210Pb geochronology; sedimentation; Sepetiba Bay; seismic stratigraphy

Resumo

A natureza da sedimentação e as taxas de sedimentação na Baía de Sepetiba, Brasil, foram interpretadas a partir 
dos padrões granulométricos, distribuição radiométrica natural e estratigrafia sísmica. A análise granulométrica mostrou 
uma diminuição progressiva no tamanho dos grãos nos testemunhos e uma alta porcentagem de argila em depósitos 
superficiais em 1996, do que a observada durante um levantamento anterior nos anos 70. Baseado em datações por 
210Pb, as taxas de acumulação variam de 0.37 cm/ano a 2.0 cm/ano, para os últimos 100 anos. Em contrapartida, a 
estratigrafia sísmica indica uma variação de 0.01 a 0.17 cm/ano ao longo dos últimos 7000 anos. Taxas de acumulação 
particularmente altas são encontradas na parte nordeste da baía e, em consequência destas altas taxas, a linha de costa 
na parte norte da baía progradou aproximadamente 400 m nos últimos 100 anos. Um aumento aparente nas taxas de 
acumulação e uma tendência à deposição de sedimentos finos ao longo dos últimos 100 anos, são atribuídos à ação. 
Palavras-chave: Geocronologia do 210Pb; sedimentação; Baía de Sepetiba; estratigrafia sísmica
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1 Introduction

Mangrove forests are dominant features 
of tropical and subtropical coastlines around the 
world. The fine-grained sediment in these areas is 
associated with high suspended-sediment delivery to 
the coast by nearby rivers, which is then trapped in 
intertidal settings dominated by the mangrove forests 
(Woodroffe, 1992, 2013). These forests thrive in low-
energy tropical environments and can grow in a wide 
variety of substrates, including muddy shorelines, 
sand, volcanic lava, and carbonate sediments 
(Chapman, 1976, 1977). Mangrove shorelines 
are classified by environmental settings, based on 
landforms and the physical processes for sediment 
transport and deposition (Thom, 1982, 1984). 
Deposition of fine-grained sediment in mangrove 
forests is promoted by roots and pneumatophores, 
which baffle flow and effectively reduce water 
movement (Wolanski et al., 1992; Wolanski, 1995). 
Additionally, the fine roots act to bind sediment 
(Scoffin, 1970).

Different methods of measurement have been 
used to determine sediment accumulation rates 
in mangrove forests. Direct methods include the 
use of marker stakes in dwarf Avicennia forests; 
accumulation rates using stakes were up to 0.8 cm yr 
–1 in southern Australia (Bird, 1971) and 0.46 cm yr 
–1 in northeastern Australia (Spenceley, 1977, 1982). 
More recently, 210Pb and 137Cs radioisotopes have 
been used to determine short-term accumulation 
rates in mangrove forests of Mexico, and showed 
rates of 0.3 cm yr –1 (Lynch et al., 1989). In the early 
Holocene mangroves of northern Australia, long-
term sediment accumulation rates, determined by 
the use of radiocarbon, were shown to be up to 6 mm 
yr –1 (Woodroffe, 1990).

Human factors can significantly influence 
coastal sedimentation. Activities that increase soil 
erosion, for example, may consequently increase the 
fluvial sediment input to deltaic and other coastal 
environments (Ellison & Stoddart, 1991). Studies 
in mangrove regions of the south Pacific Ocean 
estimate accumulation rates, using radiocarbon 
dating and stratigraphy data, of 7.6-13.1 cm yr-1 
(Southern, 1986) in Fiji and 3-25.3 cm yr-1 (Bloom, 
1970) for the Carolina Islands were due to human 
disturbance involving soil erosion. 

The objectives of this paper are: 1) to 
evaluate the sediment accumulation rates based on 
210Pb measurements in the mangrove forest of the 
Guaratiba tidal flat, Brazil; 2) to relate these rates to 
changes in physical and biological processes inside 
Sepetiba Bay; and 3) to evaluate possible links 
between the accumulation rates and human activities 
in the surrounding areas. 

2 Study Area

The study area is located in the state of Rio 
de Janeiro, in the southeastern part of Brazil (Figure 
1). Sepetiba Bay is an elliptically shaped coastal 
embayment, covering an area of 300 km2. It is 
connected to the ocean at two sites: through a tidal 
channel at Barra de Guaratiba and through a series 
of larger channels at the west end (Figure 1). The 
western region is partially enclosed by a chain of 
islands made of granites, gneisses and migmatites, 
which follow a NE/SW structural lineation of the 
coastline. The coastal plain is composed of Holocene 
mangroves, dunes, beaches and alluvial plains.

The Sepetiba-Guaratiba coastal complex 
includes a sandy barrier island (Marambaia Barrier 
Island), a lagoon (Sepetiba Bay), a small delta 
dominated by fluvial processes (associated with 
Guandú River) and a tidal flat, 100-500 m long, 
partially covered with mangroves (Guaratiba tidal 
flat) (Figure 1). The fluvial contribution to Sepetiba 
Bay comes from the Guandú, Itagui, Mazomba, 
Cabuçú, and Piracão Rivers. Two of these rivers, 
the Itagui and the Guandú, were modified during 
the 1940s into artificial, fixed channels. After 
these changes, the largest river, Guandú, received 
additional discharge from other small rivers of the 
region (CONCREMATI, 1992). The maximum flood 
discharge increased from 190 m3/s in the 1940s 
(Goes, 1942) to 288 m3/s in the last 20 years (verbal 
communication, SERLA, 1997).

The climate in Sepetiba Bay is mesothermic, 
hot summer and dry winter, with annual average 
temperature of 21°C. The annual rainfall average in 
the area is 1300 mm, maximum of 125 days/year, 
with 79% humidity (CONCREMATI, 1992).

The currents inside the bay are driven by 
tides and can reach maximum speeds of 75 cm/sec 
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in the channels between the islands of Itacuruçá 
and Jaguanum (DHN, 1986; Villena, 2003). The 
seawater that enters the bay as a bottom current is 
relatively cold and dense. It circulates clockwise 
through the bay, becomes warmer, and exits at the 
surface between Marambaia Peak and Jaguanum 
Island (Figure 2). The tide in the area has a 
moderate to small amplitude of 110 cm during 

spring tide and 30 cm during neap tide. There is a 
difference in phase of about 15 minutes between 
the entrances and the far interior of the bay (DHN, 
1986; Villena, 2003). Sepetiba Bay can be divided 
into three compartments based on its hydrographic 
and geographic characteristics: brackish (3-18‰), 
hyposaline (18-30‰) and hypersaline (30-40‰) 
(Moura et al., 1982).

Figure 1  
Sepetiba Bay study area and 

its generalized bathymetry.  
Upper right insert shows 
the area along the south 

Brazilian coast.  Upper left 
insert shows location of 

Sepetiba Bay west of Rio de 
Janeiro City.

Figure 2 Generalized 
current system at Sepetiba 

Bay. Cold and dense 
water enters the bay as a 

bottom current, circulates 
clockwise through the bay, 
becomes warmer, and exits 

as surface current.
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Guaratiba tidal flat is located at the east 
end of the bay and has an approximate area of 
40 km2 (Figure 3). This intertidal mixohaline 
ecosystem is separated by morphologic and 
phytologic parameters into high tidal flat and 
low tidal flat (Dias-Brito et al., 1982; Roncarati 
& Barrocas, 1978; Zaninetti, et al., 1976); Dias-
Brito & Zaninetti, 1979). The high tidal flat is 
composed of a alga facies and a crab facies. The 
low tidal flat is composed of only one facies, 
the mangrove biofacies, with two sub-biofacies, 
Spartina and Salicornia. The alga biofacies is a 
sub-aerial microenvironment, which receives salt 
water only during spring tides and most probably 
during storms. This biofacies is characterized by 
high salinity, mud cracks, and extensive algal mats 
(Cyanophycea). The crab biofacies contains a large 
transient crab population, which migrates from 
the mangrove forest when water with normal (or 
lower) salinity is present on the high tidal flat. The 
mangrove biofacies is composed of clay sediment 
and is rich in organic matter. Spartina alterniflora 
and, occasionally, Rhizophora mangle occur in the 
low tidal flat, and can be found in sandy areas.

Avicennia schaueriana schaueriana and 
Avicennia schaueriana candicans are the most 
common species of the mangrove, and have the largest 
area of coverage. Laguncularia racemosa is the least 
common species; it occurs along with Rhizophoretum 
and Avicennietum. Salicornia sp. ends the sequence, 
and is found in the channel margins, such as along 
levees.

Starting in the 1600s, naturally occurring 
coastal vegetation of mangrove was replaced by 
agricultural crops (Goes, 1942). In the 1940s, large 
areas of mangrove swamp were cleared in the 
Sepetiba coastal plain. The inauguration of a zinc 
smelter industry in Itaguaí during 1963 marked the 
beginning of socio-economic development for the 
Sepetiba Bay watershed (FEEMA, 1980; Soares, 
2007; Rodrigues et al., 2012), which intensified 
in the 1970s. The greatest environmental impact 
following industrialization of the area came with the 
construction of Sepetiba Port in 1975. Bathymetric 
studies (Borges et al., 1989; Borges, 1990; Villena, 
2003) have shown shoreline progradation of 395 m at 
Guaratiba tidal flat from 1868 to 1981 (Figure 4) and 
the creation of an extensive muddy tidal flat, which 
replaced sandy beaches (Argento & Vieira, 1989) .

Figure 3 Dias-Brito at al. (1982) cross-section showing the five environments in the study area: the Atlantic Ocean, Marambaia Barrier 
Island, Sepetiba Bay (lagoon), the mangrove fringe, and the land.
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3  Methods
3.1  Field

Two push cores, MG1 and MG2 and one 
gravity core, SB2, were collected from Pedra de 
Guaratiba tidal flat during July 1996 (Figure 5). 

The push cores were collected during low tide 
along a transect from the shore seaward. The 
gravity core was collected from a small vessel in 
the subtidal region. Samples for sedimentological 
and radiochemical analyses were taken at 2-cm 
intervals down core to 80 cm depth and individual 
samples were then homogenized.

Figure 4 Cross-section showing 
the shoreline progradation of 400 

m at Guaratiba tidal flat from 
1868 to 1981 (Borges, 1990).

Figure 5  
A. General view of 
the study area with 
environments and 
locations of MG1, 

MG2, and  
SB2 cores;  

B. Detail of the 
city of Pedra de 

Guaratiba and 
development 

around the 
mangrove fringe; 
C. Tidal channels 
at the east end of 

Sepetiba Bay;  
D. Aerial view of 

Pedra de Guaratiba 
mangrove forest 
and algal mats. 
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3.2   Laboratory

Samples were sieved to eliminate organic 
matter. Grain size was analyzed on a Sedigraph 
model 5100, following the methods of Coakley & 
Syvitski (1991). 

A modified version of the Nittrouer et 
al. (1979) method was used for 210Pb analysis. 
Samples were weighed, then dried at 60° C. 
Porosity was calculated from the weight loss of 
water. Approximately 5 g of sediment was spiked 
with 209Po (as a yield determinant). Samples were 
leached with hot concentrated HNO3 (15 ml) and 
HCl (5ml) solutions and taken to dryness over a 
four-hour period and then 20 ml of 6N HCl were 
added in order to dissolve the residue. The solution 
was centrifuged and the supernatant was poured 
into 150 ml glass jars with silver planchets. 210Pb 
activities were measured by alpha spectrometry 
from decay of the 210Po daughter. Samples were 
corrected for salt content and normalized to a 
representative porosity (75%).

4 Results
4.1 Grain-Size Distribution and Core Description

 

Samples analyzed for grain-size were 
created by combing samples over 15-cm intervals. 
Concentrations of silt and clay are given in Table 1 
and the dominant grain size in the cores was clay (£ 
8f), followed by silt (4f-7f). The MG1 core, collected 
at the mangrove fringe (Figure 6), shows an overall 
fining up with decrease of silt, from 27 to 9 %. The 
clay percentage in the MG1 core varies from 73 to 
91%. The MG2 core, collected in the forest basin 
(Figure 6), had a higher silt content (25%) in the 
top of the core, decreasing to 11% at 30-cm depth. 
From this depth, silt content increased to 22% at 
the bottom. The SB2 core, collected at the tidal flat 
(Figure 6), showed an increase of silt from 8% at 
the top of the core to 22% at 15 cm deep, remaining 
constant to the bottom of the core.

The organic-carbon content in the three 
cores varied along the transect and with depth in 
cores and consisted of very small fragments of 
leaf, wood (branch and bark), and roots. Core-MG2 
carbon content is likely related to two types of root 

fragments, one 3-mm thick and one hair-like (~ 
0.15 mm), which were found at all depths in the 
core. A well-preserved fragment of bark was found 
in the interval 69-71 cm, and small pieces of branch 
were found to 9-cm depth. Thin roots (hair like) 
were found in core MG1from the top of the core to 
60 cm. A bivalve shell was located at a depth of 40 
cm. Core SB2, from the tidal flat, did not show any 
plant debris.

Core Interval (cm) Silt % Clay %
0.25 12 88
1.50 9 91
15.0 22 78

MG1 30.0 22 77
45.0 21 79
60.0 27 73
75 24 76

1.50 25 75
15.0 18 82

MG2 30.0 11 89
45.0 22 78
60.0 19 81
75.0 22 78

0.25 8 92
20.0 22 78

SB2 30.0 22 78
45.0 22 78
60.0 23 77
75.0 22 78

4.2 Radiochemistry

Profiles of 210Pb activity with depth for the 
three cores are presented in Figure 7 and 210 Pb 
activities for all cores are found in Table 2.

Table 1 Silt and clay content at intervals of 15 cm along cores 
MG1, MG2, and SB2.

Figure 6 Percentage of silt and clay by depth for MG1, MG2 
and SB2 cores showing the dominance of clay-size particles at 
all sites.
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Table 2 210Pb activities at collection (dpm); excess activity in dpm/g; dry bulk density (g/cm3); and error of measurements forMG1, 
MG2, and SB2 core samples.

Salt corrected

Core Interval 
center

210Pb activity
at collection

Error 
(+/-)

Excess activity 
(dpm/g) Dry bulk density Error

0 - 1 3.11 0.15 2.55 0.40 0.12
10 – 11 3.42 0.18 2.87 0.44 0.15
20 – 21 3.35 0.12 2.80 0.45 0.10
30 – 31 3.24 0.12 2.69 0.48 0.10

MG1 40 – 41 2.72 0.11 2.16 0.46 0.09
50 – 51 2.49 0.10 1.92 0.49 0.08
60 – 61 2.28 0.09 1.71 0.50 0.07
70 – 71 2.06 0.08 1.48 0.54 0.06
80 – 81 1.98 0.09 1.40 0.56 0.06

0 - 1 3.54 0.13 2.99 0.49 0.11
10 – 11 3.29 0.13 2.74 0.47 0.11
20 – 21 2.45 0.22 1.88 0.51 0.17
30 – 31 2.25 0.10 1.68 0.52 0.07

MG2 40 – 41 2.08 0.11 1.50 0.47 0.08
50 – 51 1.90 0.12 1.32 0.43 0.08
60 – 61 1.81 0.11 1.23 0.48 0.07
70 – 71 1.96 0.14 1.38 0.46 0.10
80 – 81 2.12 0.20 1.54 0.52 0.15

0 - 1 3.76 0.15 3.22 0.20 0.13
10 – 11 3.24 0.14 2.69 0.34 0.12
20 – 21 1.19 0.06 0.59 0.50 0.03
30 – 31 1.29 0.06 0.70 0.53 0.03

SB2 40 – 41 0.73 0.06 0.12 0.54 0.01
50 – 51 0.73 0.04 0.12 0.47 0.01
60 – 61 0.62 0.03 0.01 0.47 0.00
70 – 71 0.69 0.06 0.08 0.45 0.01
80 – 81 0.62 0.04 0.01 0.49 0.00

Accumulation rates were determined by 
210Pb geochronology and calculated using the 
advection-diffusion equation, assuming steady 
state and no compactation:

 mixing accumulation decay          

where C = activity of radioisotope in sediment 
(dpm/g; dpm = disintegrations per minute);
D = particle mixing coefficient (cm2/yr);
A = sediment accumulation rate (cm/yr);
l = decay constant for radioisotope (yr-1) = 0.693 
(half life)-1; and
z = depth below sediment surface (cm).

Eq. (1)

Assuming that flux of sediment and 
radioisotope (excess 210Pb) to the seabed were 
constant, and that mixing coefficient is negligible 
(D = 0) over a specific interval z1 to zz, the vertical 
activity profile of the radioisotope can be used to 
estimate accumulation rate (A) using the relationship:

Eq. (2)

where C(Z1) = activity of radioisotope at fixed upper 
level of the profile; C(z) = activity of radioisotope 
at a distance z below level of C(Z1); and is assumed 
to be distributed exponentially with depth; and 
l = decay constant of radioisotope (Nittrouer & 
Sternberg, 1981; Nittrouer et al., 1984).
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Core MG1 (Figure 7) has a surface mixed 
layer approximately 20 cm thick (identified by 
the near-constant excess 210Pb concentration in 
this interval), due to the presence of roots and 
bioturbation by benthic organisms. The region in 
the graph between 25-75 cm represents radioactive 
decay, from which the sediment accumulation rate 
of 2.3 cm/yr is calculated. From 75 cm to the bottom 
of the core, the profile shows background levels of 
210Pb of ~ 1.4 dpm/g. Core MG2 (Figure 7), has a 

mixed layer of ~10 cm and the region of decay is 
from 15 to 60 cm giving an accumulation rate of 2.4 
cm/yr. The profile shows a small increase in activity 
at the bottom of the core. The reason for this increase 
is not clear. Core SB2 (Figure 7) has a mixed layer 
of 10 cm and from this depth to 50 cm is the region 
of radioactive decay (accumulation rate 0.4 cm/
yr). 210Pb background levels (about 0.62 dpm/g) are 
found from 50 cm deep to the bottom of the core. 

Figure 7 210Pb of MG1, 
MG2, and SB2 cores 
illustrate contrasting 
sediment accumulation 
rates between protected 
areas of the bay (MG2) 
and areas where 
tides and currents 
accumulate sediments. 
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5 Discussion

The net depositional character in the northern 
part of Sepetiba Bay was demonstrated with remote 
sensing and aerial photos, and a bathymetric study 
from a historical chart of 1868 and a 1981 survey 
(Borges, 1990; Borges et al., 1989). The fining up 
of sediments in two of the three cores is consistent 
with the overall fining up from cores collected at 
Sepetiba Bay.

Core MG2 presents an inverse grain-size 
distribution, increasing in silt upwards, reflecting 
sedimentation pattern in mangroves, e.g., clay 
deposits mostly at the fringe. The current regime 
in Sepetiba Bay (Figure 2) transports the river-born 
sediments to the eastern part of the bay, where some 
of the sediment deposits in the mangroves.

Accumulation rates in Pedra de Guaratiba 
mangrove, calculated from the 210Pb profiles, showed 
higher than the average accumulation rate of 0.3 cm 
yr -1 in for a mangrove forest of a microtidal lagoon 
in Mexico (Lynch et al., 1989). Cores MG1 and 
MG2, with the highest accumulation rate of 2.3 and 
2.4 cm/yr, were taken in the area where sediments 
are deposited and where mangroves grow. The tidal-
flat core, SB2, had an accumulation rate of 0.4 cm/
yr. These data are consistent with the conclusions of 
Ellison & Stoddart (1991) for a very different area, 
who found that anthropogenic factors can influence 
coastal sedimentation, increasing soil erosion and 
consequently increasing the fluvial sediment input 
to deltaic and other coastal environments. Similar 
situations as the Guaratiba tidal flat have been 
observed in studies in the south Pacific Ocean, in Fiji 
and the Carolina Islands (Bloom, 1970; Southern, 
1986; Forte, 1996; Soares, 2007).

Accumulation rates in Guaratiba tidal flat, 
measured by 210Pb geochronology, showed high 
rates of accumulation compared with long-term 
accumulation rate from other parts of the bay. 
Rates ranged from 2.3 to 2.4 cm yr-1 in the forest 
basin and mangrove fringe to 0.4 cm yr-1 in the 
tidal flat. The high accumulation rates in the area 
are consistent with an observed progradation of 
the shoreline, approximately 400 m since the end 
of last century, based on successive map surveys. 
The oceanographic and climatic characteristics of 
Sepetiba Bay, a shallow embayment receiving a 
large sediment supply from rivers (especially from 

December to March during annual floods), made 
possible the rapid development of a mangrove forest 
in its northeastern part, Guaratiba tidal flat.
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