
Journal of Coastal Research SI 39 1073 - 1077 ICS 2004 (Proceedings) Brazil ISSN 0749-0208

BARCELLOS, R.L. and FURTADO, V. V., 2006. Organic matter contents and modern sedimentation at São
Sebastião channel, São Paulo state, south-eastern Brazil. Journal of Coastal Research, SI 39 (Proccendigs of the 8
International Coastal Symposium), 1073 - 1077. Itajaí, SC, Brazil, ISSN 0749-0208.

The present study was performed in São Sebastião Channel, located in the inner continental shelf of São Paulo State,
south-eastern Brazil. The aim of this work is understand the organic matter distribution and behaviour associated to
the modern sedimentary processes in the São Sebastião Channel. The studied parameters used in this present work
were the organic carbon, total nitrogen and total sulphur contents, C/N and C/S ratios, grain size data and calcium
carbonate contents. A hundred and two surface sediments samples were collected with a grab sampler. Fifty-one of
them in 1997 summer and fifty-one in 1997 winter. Higher organic matter and mud contents are observed in the
central and northern continental side, and in small bays located in the northern insular side, due to a low bottom
current circulation. No significant spatial and temporal variations occurs. Occasional variations can be associated to
the seasonal oceanographic and climatic dynamics of 1997 “El-Niño” year. A good correlation was observed
between carbon, nitrogen and clay, indicating similar sources of organic matter for these elements. Sulphur contents
presented a different behaviour, probably due to influences of organic matter inputs derived of human activities.
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ABSTRACT

Organic Matter Contents and Modern Sedimentation at São Sebastião Channel,
São Paulo State, South-Eastern Brazil

R. L. Barcellos† and V. V. Furtado†

INTRODUCTION

Organic matter distribution is a good tool for the
environmental evaluation where the sediments are deposited

1984). Analysis on sedimentary organic
matter distribution allows the evaluation of coastal sedimentary
processes associated to the local circulation. High organic
matter contents are related to highly mud contents, directly
linked to low hydrodynamic areas 1975;
1995). The nature of organic matter still allows analysis about
its sources, through the use of C/N ratio 1955). Lower
values of C/N (< 6) ratio are related to a marine organic matter
origin and higher values (> 24) indicates the increase of
terrestrial organic material. Values between 8 and 12, reveals
the mixing of continental and oceanic inputs .,
1989; ., 1999). The presence of sulphur
compounds in sediments has been broadly used as an indicator
of anoxic environmental conditions ., 1998). In
addition, the C/S ratio is used to evaluate the sedimentary
deposits oxi-reduction potential 1991; .,
1998). Low C/S values (< 3) are related to anoxic environments,
while higher values (> 10) are associated to oxic marine
environments.

The aim of this work is understand the organic matter
distribution and behaviour associated to the modern
sedimentary processes in the São Sebastião Channel, south-
eastern Brazil.

The São Sebastião Channel is a feature located in the inner
continental shelf of São Paulo State, south-eastern Brazil
(23°43'/23°54'S, 45°20'/45°28'W) (Fig.1). It presents a SW-NE
direction, and its higher depths axis is dislocated to the São
Sebastião Island side. This bottom morphology is irregular (Fig.
2). The maximum depth (>45m) occurs in the channels' axis
central region, where the harbour, submarine sewage outfall and
oil terminal are adjacently located. The northern and southern
mouths presents, respectively, isobaths of 20 and 25m, and
lower depths occurs in the continental side of the channel, from
its central part to north (0 to 7m).

The São Sebastião Channel's sediments distribution is
heterogenous, represented by several grain size classes and the
modern sedimentary processes are directly related to the
hydrodynamic circulation and the bottom topography. The
wind generated currents are the most effective hydrodynamic
phenomena, responsible for the bottom sedimentary processes

1995).
The geomorphological and geological characteristics are

controlled by the presence of granites, migmatites, quartzites
and alcaline rocks of two mountains chains located at each side
of the channel. These mountain chains reach directly the shore,
the drainage systems are incipient and the Quaternary coastal
plains are small and narrow.

The humid tropical climate associated to the absence of
greater river basins draining into the area, give to the rainfall
regime a huge importance in the contribution of freshwater
from the continent to the ocean, mainly in the rainy season
(summer).Atropical preserved rain forest covers the slopes and
coastal plains.
The channel water masses dynamics is directly related to the
shelf processes. The advances of South Atlantic Central Water
(SACW) (S.: 35,5; T.: <16°C) in the spring-summer period,
from the bottom up to the coast, causes the displacement of the
Coastal Water (CW) (S: 34; T.: >22°C) towards the open ocean,
generating a seasonal upwelling ( ., 1987).
The autumn-winter period, is dominated by Tropical Water
(TW) (S.: 36; T.: > 22°C) associated to the diminishing of
freshwater input, leading to a more homogenous water column
conditions.
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A total of 102 surface sediments samples were collected,
using a grab sampler, in March (summer) and September
(winter) of 1997. The samples were kept frozen and later freeze-
dried for 48 hours. Grain size was analysed according to sieving
and pipetting techniques 1967), and the calcium
carbonate contents were determined by the weight difference
prior to and after acidification, with 1 N HCl 1971).

The total organic carbon, nitrogen and sulphur contents were
obtained through the LECO CNS-2000 analyser. About 0,5g of
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dried and weighed sediment were decarbonated with 1 M
solution of HCl, washed 3 times with deionized water, filtered
and freeze-dried again, before be placed in the analyser.

The data treatment was performed through the multivariate
analysis in order to identify the different sedimentary zones.
Following the procedure from (1999), a cluster
analysis was carried out, using the proxies: organic carbon, total
nitrogen and sulphur, clay and carbonates contents. The clusters
were determined by the calculation of the Euclidean distances
on the normalized data. The WPGMA grouping techinique was
used for the construction of a dendrogram.

Temperature and salinity data were measured with a CTD,
the positions were determined with a GPS and the depths were
obtained through an echosounder.

MAHIQUES et al.

.
RESULTS AND DISCUSSION

Distribution of Sedimentary Organic Matter
Associated to Sedimentary Processes in the São
Sebastião Channel

The spatial analysis of sedimentary organic matter
distribution, reveals a increasing values tendency for samples
located in the central and northern continental side of the
channel, and also in its main axis and in small bays located in the
northern portion of São Sebastião island side. In its insular
portion, from the central part to its southern mouth, and in the
southern continental side there is a tendency of low values of
measured parameters, as well as in a sandy spit, wich extends
from the central portion to the northern mouth, at the continental
side of the channel.

The organic matter distribution pattern agrees with the
sediments distribution previously described by
(1995) and have a great correlation with analysed clay contents
(r = 0.84). This value indicates that the distribution of organic
carbon is mainly controlled by the texture of the sediments. The
sedimentary distribution is also related to the channel holocenic
sedimentary evolution, bottom topography and modern
hydrodynamic processes.

The oceanographic conditions and the terrestrial input of
organic carbon and nutrients, also seems to have a great
influence in the spatial distribution of organic carbon and
nitrogen contents. A strong correlation is observed among these
two parameters (r = 0.98), similar as observed by

. (1999) for the shelf region between São Francisco do Sul and
Guanabara Bay, where São Sebastião region is located. This
correlation level indicates that the quantity of deposited organic
matter is dependent of marine biological activity. A negligible
value of 0.02mg/g intercepts the 0.00mg/g carbon value, which
means that almost the totality of nitrogen is from organic origin.
In fact, according to and (1998) the absence of
inorganic nitrogen in the adjacent shelf waters is a limiting

factor to primary productivity.
In general way, the obtained values of organic carbon and

total nitrogen and sulphur are low. The organic carbon summer
contents vary from 0.76 to 20.54mg/g, while the winter values
range between 1.29 and 20.76mg/g. The nitrogen contents do
not show significant seasonal differences, varying from 0.00 to
2.18mg/g and 0.03 to 2.28mg/g, in the summer and in the
winter, respectively. Total sulphur spatial distribution follows,
in general way, the distribution of the other two studied
parameters. Nevertheless, the sulphur contents range is
comparatively higher than those of carbon and nitrogen.
Significant high sulphur values occur near São Sebastião
harbour, submarine sewage outfall and oil terminal. Seasonal
variations are observed, with winter presenting higher values,
varying from 0.09 to 45.51mg/g. In the summer, the sulphur
contents range between 0.10 to 26.77mg/g.

These obtained C, N and S contents are characteristic of
areas associated to oxic environmental conditions, incipient
drainage river systems and under oligotrophic water masses
influences.

The faciology of sediments, determined from the cluster
analysis, for summer and winter samples (Figs. 3 and 4), allows
the recognition of four main sedimentary classes, whose
characteristics are described in the table 1. The figures indicate
a heterogeneous distribution facies pattern. Nevertheless, it can
be observed that the samples richer in organic matter and clay
contents (zones SSV1 and SSI1) predominate in the central and
north channel's continental side. The zones SSV2 and SSI2 are
represented by samples with low organic matter and clay
contents. The SSV3 and SSI3 zones correspond the group of
samples with intermediate organic matter contents. Samples
.....

FURTADO

MAHIQUES

BRAGA M LLER

2

2
et

al

Ü

Barcellos and Furtado

Figure 1. Study area location and São Sebastião Channel sampling stations.

Figure 2. São Sebastião Channel's bottom topography.
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processes in the area. The
reduction character tendency is associated to a lower
hydrodynamic currents action, added to the constant inputs of
domestic sewage and petroleum hydrocarbons. The main
sources for this inputs, as previously described, are the
submarine sewage outfall and the São Sebastião Harbour and
oil terminal activities.

The carbon, nitrogen and sulphur contents for these reduction
environmental conditions areas, can be related to human origin

impacts processes. The area nearby São Sebastião City adjacent
area presents high contents of those elements and of amonium
concentrations ( , 1998), and also a predominance
of domestic sewage and petroleum hydrocarbons in local water
column and sediments ., 1998). Also directly
related to human activities in this area, the benthos distribution
are limited in diversity and quantity of organisms compared to
other portions of the channel, according to (1997).

The distribution of organic matter in the study area presents
trends that can be related to the seasonal oceanographic and
climatic dynamics of 1997 “El-Niño” year.

In the spring-summer 1996/1997 period the South Atlantic
Central Water (SACW) entered by the southern channel mouth
and goes through its axis as far as the northern mouth. In the
subsequent autumn-winter period, with the retreat of SACW,
the Coastal Water (CW) and the Tropical Water (TW) were the
dominant water masses in the channel area (OPISS, 1998). This
period was also marked by the occurrence of the infra-annual
phenomena El Niño Southern Oscilation (ENSO). In the low
latitudes of South America Atlantic boundary this climatic
phenomena causes modifications in atmospheric streams
blocking the incidence of cold fronts, leading the occurrence of
warm and dry winters. According to (1995), the
stronger winds generated by the cold fronts passage in the study
area, are the main process for the bottom currents effectiveness
in the winter channel's sedimentary processes. The low
incidence of cold fronts can lead, to a less efficient
hydrodynamic conditions to bottom sediments and organic
matter remobilization. These conditions added to the
diminishing of the terrestrial input due to the precipitation
absence and the homogenous oligotrophic water column
conditions, lead to a particular situation on sedimentary organic
matter distribution and characteristics.

The variations among the summer and winter sulphur
contents, MBI index and 2001) and the
C/S and C/N ratios, could be related to these climatic and
oceanographic influences. The presence of SACW, which is
rich in nutrients and oxygen contents, in the spring-summer of
1996/1997, seems to be determinant to the observed values of
these parameters. The lower sulphur contents and the
consequently lower C/S values may reflect the influence of this
water mass, due to the well developed intrusion that occurs in
this period.As the SACW is rich in oxygen contents, its advance
to shallower areas promotes a oxygenation of the bottom.

The origin of organic matter in summer period, through the
C/N ratio indicates, predominantly, mixtures between
terrestrial and marine sources. The particular pelagic organic
matter input related to the increasing of the primary

icher in calcium carbonate contents are represented in SSV4
and SSI4 zones. Samples that presented the highest C, N and S
contents represents, for both periods, the isolated samples
zones. The figures also exhibit no significant seasonal
differences in the spatial distribution of the sedimentary zones.

According to (2000) the observed sedimentary
and organic matter distribution pattern agrees with currents
dynamics within the channel area. Following these conditions,
stronger currents acts in its concave side (insular), where
present erosional processes occurs, avoiding the deposition of
muds and organic matter. While the convex side (continental) is
the depocenter of mud sediments and organic matter in the area,
directly associated to weaker currents, low dephts and sources
of natural and antropogenic origin.

Several exceptions occurs in this general pattern, mainly due
to the irregular channels' bottom topography. This factor are
reflected in a more complex pattern of sedimentary features,
marked by different textural sedimentary patches, as in the
southern continental side, where the waves action reworks a
well-sorted fine sand with low values of organic matter. As well
as in small bays located in the northern island side, where the
low hydrodynamic allows the deposition of mud and organic
matter. Or in the channel axis, where the sedimentation
processes are different in its southern, central and northern
parts, due to depths differences, dredging activities and
alternations of current fluxes directions and velocities. These
factors causes a very-poorly-sorted sedimentation represented
by a patchy pattern of organic matter distribution. In this way,
medium organic matter contents occurs in the dredged area,
located in the south channel axis.Ahigh organic matter contents
patch occurs in the central portion of channel axis, which is
associated to inversions in the directions of currents fluxes and
also due to higher depths (> 40m) that traps fine sediments. In
the northern channel axis area occurs a low organic matter
deposits associated to coarse sediments linked to an
acceleration of currents, due to the narrowing of the channel
section area, compared to its southern portion.

The São Sebastião Channel presents certain variations
related to de oxi-reduction character of sediments, revealed
through the C/S ratio. These variations are associated to a
geomorfological and sedimentological configurations, as well
as to the oceanographical and climatological characteristics,
that conditioning sedimentary
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Figure 4. Faciology of sediments determined from the cluster
analysis for 1997 winter samples.

Figure 3. Faciology of sediments determined from the cluster
analysis for 1997 summer samples.
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productivity due to the SACW nutrients influences, added to the
huge summer run-off contribution, could explain the observed
C/N values. The decrease of marine constituents in the bottom
sediments, from the southern mouth to northward and from the
island side to the continental side, indicated by the 1 and 2 MBI
index and 2001), agrees with the
proposal model of SACW advances and retreats (

., 1987; 1995), that occurs mainly through
the southern insular side. The isovalues of MBI index that
indicates the marine influence are spatially greater in the
summer compared to winter and 2001).
This pattern is also related to SACW influences in the summer.

(2000), studying the benthic foraminifers
assemblages in the same collection of samples, observed along
the channel's axis in the summer, the dominance of

and , typical cold water
species. This fact reinforces the SACW influence in summer
sedimentation processes. On the other hand, in the winter, was
observed the predominance of typical species of coastal waters
( ., ) at the northern channel axis
and the retract of oceanic species at southern channel mouth.
Although the same author did not observed, for all of the
entirety of samples, significant variations among the summer
and winter assemblages.

The winter values of C/S and C/N ratios, MBI index
and 2001) and sulphur contents, in its

turn, reflect the oligotrophic oceanographic mixture of CW and
TW and “El Niño” climate conditions. The higher sulphur
contents and C/S values indicates less oxic conditions
compared to the summer samples, mainly in the São Sebastião
urban adjacent area. These values can be related a constant input
of anthropogenic origin materials (petroleum and domestic
sewage), associated to a homogenous conditions of water
column. A low incidence of cold fronts in august/1997, when
only two polar systems reached the São Paulo State coast
(DHN, 1997), may explain this homogenous water column
conditions. The incidence of weaker currents, due to absence of
cold fronts passages, since, at least, two weeks before the winter
sampling, could avoid the dispersion of pollutants, leading to
the observed sulphur values. This increase shows a statistical
significance (for < 0,05) compared to summer samples
contents.

The C/N ratio values, indicate a increasing trend of
continental origin material, while the MBI index values

and 2001), indicate a greater
continental contribution compared to summer period. These
parameters can reflect the decreasing of marine influence on
organic input and in the sedimentary dynamics of the São
Sebastião Channel in the winter.

The modern sedimentation is conditioned by São Sebastião
Channel's geomorphology and the local hydrodynamics. The
whole process leads to a patchy sedimentary distribution. The

nature of these patches, associated to the modern input of
organic material, determines the higher or lower organic
contents in the sediments.

Higher organic contents are observed in the central and north
continental side, and in small bays located in the north insular
side. This distribution occurs due to a low current circulation
within the bottom in these areas, that allows the deposition of
mud, retaining the organic material.

In the deepest portion of channel's axis, the topography
create conditions of finer sediments trapping and, consequently,
of greater contents of sedimentary organic matter.

For these higher organic matter concentration areas,
excepting the samples located in the northern insular side, the
input of organic material derived from the intense human
action, have to be also considered. The submarine outfall, the
São Sebastião harbour and the oil terminal activities seems to be
important sources of organic matter to these areas.

The lower organic matter values are associated to areas
exposed to a more effective of bottom circulation processes,
located in the southern continental side, directly exposed to the
wave action, and in a sandy spit located in the northern mouth,
subjected to strong currents influences. In the insular portion,
from its central part to the south, a low values region is found
associated to a coarse and biolithoclastic .,
1982) sedimentation. The incidence of stronger currents in this
region carry to a modern erosive processes, avoiding the
deposition of sedimentary organic matter.

A significant spatial and temporal variations was not
observed. Occasional variations can be associated to the
seasonal oceanographic and climatic dynamics of 1997 “El-
Niño” year.

The displacement of South Atlantic Central Water (SACW)
up to the channel's dominion in summer period seems to change
the organic matter distribution, as well as, the origin of inputs.
The average values of C/N ratio, showed a slight difference
between summer and winter. The C/N ratios of winter shows
values of increasing in the continental influence, agreeing with
the Coastal Water (CW) prevailing in the São Sebastião
Channel in this period.

The textural characteristics of sediments seems to be the
most important factor in the determination of sedimentary
organic matter. Since the clay contents presented a good
correlation with the organic carbon.

In its way, the organic carbon presented a very well
correlation with total nitrogen contents. This fact occurs,
probably, due to a similar sources of organic matter for both
elements, derived from SACW or CW influences added to the
continental run-off processes.

The total measured nitrogen content is almost totally from
organic origin, according to the applied correlation analysis.

The sulphur contents have a different behaviour, since this
parameter seems to depend from other type of sources. At the
area nearby São Sebastião City, the observed sulphur values
grows in a exponential manner compared to other channel's
portions and to the carbon and nitrogen contents. Consequently,
low values of C/S ratio are mainly observed in this area, where
submarine outfall, São Sebastião harbour and oil terminal are
located. Some sites, submitted to low hidrodynamics processes,
also presented low values of C/S.

The MBI index of summer samples, compared to winter,
seems to indicates a transport process of marine constituents
sediments, through SACW advances, to internal portions of São
Sebastião Channel.
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Table 1.
.

Parameters of different sedimentary zones established
from the cluster analysis for summer and winter samples

Winter SSI 1 SSI 2 SSI 3 SSI 4 Is. samp.

Clay (%) 19 to 38 < 10 7 to 26 < 5 > 22

CaCO3 (%) 14 to 30 3 to 36 3 to 26 > 50 7 to 29

Org.C (mg/g) > 12 < 5 5 to 11 < 5 9 to 20

Tot. N (mg/g) > 1.2 < 0.6 0.5 to 1.3 0.4 0.8 to 2

Tot. S (mg/g) > 2 < 1 0.9 to 4.5 0.4 5 to 45

Summer SSV 1 SSV 2 SSV 3 SSV 4 Is. samp.

Clay (%) 15 to 45 < 5 3 to 24 < 5 > 20

CaCO3 (%) 0 to 30 < 20 7 to 35 > 40 > 18

Org.C (mg/g) > 10 < 5 5 to 10 < 5 12 to 20

Tot. N (mg/g) > 0.8 < 1 0.5 to 1.4 < 0.7 1.3 to 2

Tot. S (mg/g) > 1.3 < 0.4 0.5 to 3.8 < 0.4 10 to 27
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